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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 electrotechnical stan-
daydization.

Intemational Standards are drafted in acordance with the rules given in the ISO/IEC Diredives, Pait 2.

Thie main task of technical committees is to prepare International Standards,-Draft Interngtional Stan-
dards adopted by the technical committees are circulated to the member.badies for voting.| Publication
as|an International Standard requires approval by at least 75% of the member bodies casting a vote.

Attention is drawn to the possibilty that same of the elements of this\document may be the subjject
of patent rights 1SO shall not be held responsibéfor identifying any/or al such patent rights.

SO 1030342 was prepared by Technicd Committee ISO/ TC:184, Industrial automation systems gnd
integration,Subcommitte&SC4, Industrial data.

TI'Jins third edition cancels and reques the second gidn (ISO 10303-42:2000) of which it congtitutes

a minor technical revision. The first edition (ISO 10303-42:1994) is provisionally retained [o support
coptinued use and maintenance of implementations based on the first edition and to satisfy normative
references in other parts of ISO 10303.

Thie corrections published in ISO 10303-42:2000/Cor.1:2001 are incorporated in this edition|

This International Standard is.ofganised as a series of parts, each published separately. THe structure of

tion meth-

I generic re-
cation inter-
ric resources

<http://lwww.tc184-sc4.org/titles/STEP_titles.rtf>

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

This part of ISO 10303 is a member of the integrated resources series. The integrated resources specify
a single conceptual product data model.
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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 products throughout
their life cycle. This mechanism is suitable not only for neutral file exchange, but also as a basis for

implementing and sharing product databases and as a basis for archiving.

Thi
tio

prq
eff

Th
thq
A

ge
thq

Thie topology in clause 5 is concerned with connectivity refationships between objects rathg

the
su

palticularly constraint functions, and data types necessary for the definitions of the topologiq

Th
thq
co
Ing
re

pr

Thijs edition incorporates madifications that are upwardly compatible with the previous editic

fic

is part of 1SO 10308 specifies the integrated resources used for geometric and topological represe
N. Their primary applicéion is for explicit representation of the shepe or geometric forn) @
duct model. The shape representation presented here has been desigred to facilitate Stable
cient communication when mapped to a physcd file.

e geometry in clause 4 is exclusively the geometry of parametric curves-ahd surfaces.
 curve and surface entities and other entities, functions and data types necessary for th
common scheme has been used for the definition of both two-diménsional 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 IS© 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

b 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 are the two classical types of solid model, constructive solid geometry (CSG) ai
resentation (B-rep). Other entities, providing a rather less complete description of the ge
duct, and with less consistency constraints, are also included.

htions to EXPRESS: specifications are upwardly compatible if:

instances encoded according to ISO 10303-21 and that conform to an 1ISO 10303 applig
col base@-en the previous edition of this part, also conform to a revision of that applicatiq
based.en this edition;

interfaces that conform to ISO 10303-22 and to an 1SO 10303 application protocol bg

Te

©l

previous editiormrof thispart,atso conformTtoa revision of that apptication protocot-bas
edition;

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

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

SO 2008 — All rightsreserved
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e geometric models in clause 6 provide basic resources for the communication of data describing
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— changes to the EXPRESS declarations,
— new EXPRESS declarations.
The following EXPRESS declarations were modified in creating edition 2:

geometry schema:

—| axisl_placement

—| base_axis

—| build_axes

—| build_2axes

—| cartesian_transformation_operator_3d
—| cartesian_transformation_operator_2d
—| composite_curve_segment

—1| constraints_param_b_spline

—| cross_product

—| 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

—| "gét basis surface

— list_to_array;

— make_array_of array;
— orthogonal_complement
— point;

Xiv ©1S0 208 — All rights reserved
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— rectangular_composite_surface
— scalar_times_vector
— surface_of_revolution

— surface_patch

—| swept_surface

—| trimmed_curve;

—| vector_sum

—| vector_difference
topology schema:

—| edge

—| edge_reversed

—| face_bound_reversed
—| face_reversed

—| face_surface

—| mixed_loop_type set
—| path_head to_tail

—| path_reversed

—1| shell_reversed

pmetric model schema:

D

g

— boolean_operandg
— build_transformed_set
— ¢sg_primitive;

— csg_solid

(©1SO 2008 — All rightsreserved XV
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— revolved_area_solid
— revolved_face_soligl
— solid_model

— swept_area_solid

—| swept_face_solid

Thie following EXPRESS declarations were added in edition 2:
gepmetry schema:

—| above_plane

—| b_spline_volume

—| b_spline_volume_with_knots
—| bezier_volume

—| block_volume

—| clothoid;

—| cylindrical_point;

—| cylindrical_volume;

—| dummy_gri;

—| dupin_cyclide surface

—| eccentric_‘conical_volume

—| ellipsoid_volume

—| “oriented surface

— hexahedron_volume
— make_array_of _array_of array;
— point_in_volume;

— polar_point;
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— pyramid_volume;
— quasi_uniform_volume
— rational_b_spline_volume

— same_side

1 SO 1030342:2003(E)

—| spherical_point,

—1| spherical_volume

—| surface_boundary,

—| surface_curve_swept_surface
—| tetrahedron_volume

—| toroidal_volume;

—| volume;

—| wedge_volume

topology schema:

—| closed_shell_reversed
—| connected_face sub_sgt
—| dummy _tri;

—| open_shell_reversed

—| seam_edgge

—| subedge

geometric model schema:
— brep_2d,
— circular_area,;

— convex_hexahedron

(©1SO 2008 — All rightsreserved
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— cyclide_segment_solid
— eccentric_cone
— ellipsoid;

— 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;

—| trimmed_volume.

T

D

Chnical corrigendum 1 modified the folowing EXPRESS declarations:
—| surface_of reyolution(geometry schema)
—| first_proj_axis (geometry schema)

—| list_to~array (FUNCTION geometry schema)

—| ‘make array of array (FUNCTION geometry schema)

— make_array_of _array_of array (FUNCTION geometry schema)
— revolved_face_solidgeometric_model schema)
— revolved_area_solidgeometric_model schema)

— box_domain(geometric_model schema)
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— rectangle_domain(geometric_model schema)

— build_transformed_set(FUNCTION geometric_model schema)

This revision (edition 3) corrects the definition pth_head to_tailfunction and adds the following
new EXPRESS declarations:

—| circular_involute (geometry schema)

—| swept_disk_solidlgeometric_model schema)

Several components of this part of ISO 10303 are available in electronic form= Fhis access|is provided
thriough the specification of Universal Resource Locators (URL's) that identify-the location offthese files

on|the internet. If there is difficulty in accessing these files, contact the 1ISO Central Secretariat or the
ISO SC4 Secretariat directly at: sc4sec@tc184-sc4.org.

(©1S0 208 — All rights reserved XiX
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INTERNATIONAL STANDARD

1SO 1030342:2003(E)

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
feq
ing
In

ele

1

resentation of an ideal product model; tolerances and implicit forms of representation
itures are out of scope. The geometry in clause 4 and the topolegy-in clause 5 are ava
ependently and are also extensively used by the various formstof'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 directly-by their coordinate values or in terms of the parameters of an ex
or surface;

definition ofjeanic curves and elementary swés;
definition of curves defined on a parametric sgH;

definition of general parametric spline curves, aaées and volumes;

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

sting curve

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

definition of intersection curves.
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The following are outside the scope of this part of ISO 10303:
— 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 bound-
ary curves and the method of associating pairs of points on the two curves. A ruled surface with-B-sgline
bounday curves can however be exadly represented by the B-spline surface entity.

1.p Topology
Thie following are within the scope of the topology schema:

—| definition of the fundamental topological entities vertex, edge, awcd,feach with a spec|alised
subtype to enable it to be associated with the geometry0f,a point, curve, or surface, regpectively;

—| collections of the basic entities to form topologicalstructures of path, loop and shell and constraints
to ensure the integrity of these structures;

—| orientation of topological entities.

1.8 Geometric Shape Models

Thie following are within the scope‘ofthe geometric model schema:

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

—| CSG models.in two-dimensional space;

—| definitien of CSG primitives and half-sges;

—1| ccreation of solid models by sweeping operations;

— manifold boundary representation (B-rep) models;
— constraints to ensure the integrity of B-rep models;

— surface models;

2 ©I1S0O 2008 — All rightsreserved
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Tthollowi ng referenced documents are indispensable for the applicationof this document. For dated referer]
onl

1SO 1030342:2003

wireframe models;

geometric sets;

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

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

(E)

non-manifold boundary representation models;
spatial occupancy forms of solid models (such as octree models);

assemblies and mechanisms.

Normative references

luding any amendments) applies.
D/IEC 88241:1998, Informatian technology — Abstract Syntax Notation One (ASN.1): Specificg
basic hotation

hange — Part 1: Overview and fundanental principles

D 10303-11:1994Industrial automation systems and integration — Product data represent
hange — Part 11: Descriptionmethods The EXPRESIanguag reference manual

D 1030341:200Q Industrid-automatia systems and integration — Product data representation
thange — Part 41: Integrated generic resouce: Fundanentals of product description and suppo

D 1030343:2000,Ihdustrid automatia systems and integration — Product data representation
hange — Part43: Integrated generic resouce: Representation structures

Terms, definitions, symbols and abbreviations

CES,

the edition cited applies. For undated references, the latest )edition of the referenced document

ition

D 10303-1:1994|ndustrial automation systems and integration — Product data representation and

ation and

and
t

and

3.
Fo

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

integrated resource.

(©1SO 2008 — All rightsreserved
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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

3.3.

ax

A

wise connected

entity is arcwise connected if any two arbitrary points in its domain can be connected by
5 entirely within the domain.

2
-symmetric

A curve that

an|entity is axi-symmetric if it has an axis of symmetry such that the object is invariant under gll rotations
abput this axis.

3.2.3

bopunds

the topological entities of lower dimensionality which mark-the limits of a topological entity. ThHe bounds
of p face are loops, and the bounds of an edge are vertices.

3.24

boundary

the set of mathematical poinisin a domajn.X® contained inR™ for which there is an open hall

in |R™ containingz such that the intersectidri N X is homeomorphic to an open set in the doged
-dimensional half-spacg? , for somed (< m, where the homeomorphism carriesnto the origin in

RY.

NOTE 1 Ri is defined to be the set of all mathematical poiats, ..., z4) in R with z; > 0.

NOTE 2 For this purpose) the word “open” has its usual mathematical meaning. It does not relgte to “open
sutface” as defined elsewhere in this part of IBI303.

3.25

boundary representation solid model (B-rep)

a type of\geometric model in which the size and shape of the solid is defined in terms of the faces, edges
and vertices which make up its boundary.

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.

©I1S0O 2008 — All rightsreserved
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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.

3.2.9
connected

equivalent taarcwise connectedsee 3.2.1).

3.9
co

.10
nnected component

a rpaximal 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
Bgolean operations operating on solid models.

3.2.12

coprdinate space

a teference system that associates a unique setpaframeters with each point in andimensi
sppce.

3.2.13

cufve

a set of mathematical points which issthe’ image, in two- or three-dimensional space, of a
function defined over a connected suliset of the real fit}¢, (and which is not a single point.
3.2.14

cygle

a g¢hain of alternating vertices and edges in a graph such that the first and last vertices are tt
3.2.15

d-manifold with-beundary

a domain whichis the union of its-dimensional interior and its boundary.

3.2.16

dimensionality

regularised

onal

continuous

e same.

the number of iIndependent coordinates in the parameter space of a geometric entity. The di
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

do

main

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

(©I1SO 2008 — All rightsreserved
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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
5.4.27.

3.2.19
exjent
the measure of the content of the domain of an entity, measured in units appropfiate to the dimensionality
of the entity. Thus, length, area and volume are used for dimensionalities 1, 23-and 3, respectjvely. Where
neressary, the symba&lwill be used to denote extent.

3.2.20
finlte

an|entity is finite (sometimes called bounded) if there is a finitelupper bound on the distance hetween any
twp points in its domain.

3.2.21

gepus of a graph
the integer-valued invariant defined algorithmically by the graph traversal algorithm described in the note
in5.2.3.

3.2.22

gehus of a surface
the number of handles that must be-added to a sphere to produce a surface homeomorphic(to the surface
in fuestion.

3.2.23

gepmetrically founded
a property ofgeometric_representation_itens (see 4.4.2) asserting their relationship to a cdordinate
sppce in which-ihe coordinate values of points and directions on which they depend for gosition and
orientation are-measured.

which

the concepts of distance and direction between them are deflned

3.2.25
geometric 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
hapdle
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 functfainom X te Y which is a ong-to-
ong correspondence, so that the inverse functionexists, and iff ~! is also continuous.

3.2.29
indide
domainX is inside domairt” if both domains are contained inthe same Euclidean sgéteandY

separate$™ into exactly two connected components, one“of which is finite,Jans contained in the
fin[te component.

3.2.30
interior
the d-dimensional interior of al-dimensional.domairX contained inR™ is the set of mathenatical
pojntsz in X for which there is an open bdlb in R™ containing: such that the intersectidi N X is

hojneomorphic to an open ball &’

3.2.31

anlordered homogeneouscollection with possibly duplicate members. A list is represented Ry an enclos-
ing pair of brackets, i.dA}

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

3.2.33
opgh‘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.

(©1SO 2008 — All rightsreserved 7
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3235

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

NOTE This does not require a continuously varying choice ofvéilaesof the normal vectors; the surface may
have tangent plane discontinuities.

3.9
oV
twi

3.9

.36
briap
D entities overlap when they have sheli;ds, edges, or vertices in common.

37

parameter range

the

3.9

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

.38

parameter space

the
din

3.9

nensional space associated with a surface.

.39

a
su

3.2
pla
arf
us
an

3.4
se
a (
leg

pal[;ametric volume
ounded region of three dimensional model-Space with an associated parametric coordinate system

ch that every interior point is associated with-a(listv, w) of parameter values.

.40
cement coordinate system

bd to describe the interpretation of the attributes and to associate a unique parametrisati
d surface entities.

41
f-intersect
urve or surface’self-intersects if there is a mathematical point in its domain which is the

parameterange. A vertex, edge or face self-intersects if its domain does.

NG

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

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

ectangular Cartesian coordinate system associated with the placement of a geottitgtiicspace,

bn with curve

mage of at

st two points in the object’'s parameter range, and one of those two points lies in the interior of the

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.

©I1S0O 20083 — All rightsreserved
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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 fhe plane R*).

-

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 tothe’edge end vertex

EXAMPLE 2 The topological sense of a path follows the edges in their listed 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 inthe geometry schema is given in Table 1.

Table 1 — Geometry mathematical symbology

| Symbol_| Symbol \
a | 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

(©1SO 2008 — All rightsreserved 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, ' and.S, respectively.

So
if N

EX

Ta

An
ing

pair, this is generally represented by the oriented subtype. A'subscript is used to distinguish

toy

Se

ecessary.

AMPLE 1  Aloopmay be avertex_loop anedge_loopor apoly _loop. These formsare’denotedas, .
ble 2 lists the symbols used in the topology schema.

undirected edge is an entity of tymelge which is not of the stbtyperiented_edge In s
tances of the entity definitions, a topological attribute may_take the form of a (topological

ological and the (topological + logical) pairing. For exam@leand £; or S° and.S7.

veral topological entities use an Orientation Flagteindicate whether the direction of a refer

ag

of [he referenced entity is correct but if the Flag is FALSE, the direction of the referenced er

ees with or is opposed to the direction of the\réferencing entity. If the Flag is TRUE, th

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

L?,

bme
+ logical)
between the

bnced entity
e direction
tity should

be|(conceptually) reversed. It can happen.that there are several Orientation Flags in the chain of entities

from the high-level referencing entity to the low-level referenced entity. The direction of a|low-level
entity with respect to a high-level entity is 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 given by
FaeeCurveflag = Loopflag Edgeflag> Curveflag

wHerenot exclusivé-ois interpreted as true if the two flags have the same value and is defined by the
truth table:

TOT =T

TOF = F=FoT

FoOF = T.
Thus

FoToOF=T.

10 ©I1S0O 2008 — All rightsreserved
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Table 2 — Topology symbol definitions

1SO 1030342:2003(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 yhique face bounds
Le Edge loap

Lr Poly loop

LY | Vertex loop

G'  fleop 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

(©1SO 2008 — All rightsreserved
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3.4 Abbreviations

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

B-rep: boundary representation solid model,

CSG: _constructive solid geometry.

12 ©I1S0O 2008 — All rightsreserved
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4 Geometry

The following EXPRESS declaration begins tleometry schemand identifies the necessary external
references.

EXPRESS specification

(02)

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 schema
(edge_curve,
face_surface,
poly_loop,
vertex_point);
REFERENCE FROM (geometric_model_schema
(block,
boolean_resuilt;
cyclide_segment_solid,
eccentric\cone,
edger-based_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,

(©1S0O 2008 — All rightsreserved 13
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solid_model,
sphere,
torus);

(*

NOTE 1 The schemas referenced above can be found in the following parts of ISO 10303:

NQ
nit

NG

4

M Introduction

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

TE 2 The references topology schemand togeometric_model_schemare required only for the
on of thegeometric_representation_itemsupertype.

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

defi-

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

se
of

co
ge
ric
Eu
ge
me
Siq
ha
0]

=

4.

4.

htation_schemdsee 1ISO 10303-43) and tlgeemetric_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_contextwhich includes as an attriby
clidean dimension of its coordinate space. The coordinate system for this space is refer
pmetric coordinate system-in‘this clause. Units associatedemigith_measures andplane_ang
asures are assumed to(be-assigned globally within this context. A globalcategatible_din
n) ensures that afjeometric_representation_iters in the samgeometric_representation_co

jeometric_representation_item
P Fundamental concepts and assumptions

Pl Space dimensionality

Part

bn_-

ext, and thus
neh

te the

red to as the
le_-

en-

htext

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

ca

14

n be deduced.
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4.2.2

1SO 1030342:2003(E)

Geometric relationships

All geometric_representation_itens which are included asems 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 differentrepresentations.

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. Therelevant data to defing

nt coordinate system is contained in thés2_placementassociated with the individual cur
[face 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 totrim 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. Fq
ves, a method of representation.istused which separates their geometric form from thei
[ position in spce. In each case,_the ftien and orientation information is conveyed by axig
cement The general purpose parametric curve is represented iy Hpine_curveentity. This
ected as the most stableform of representation for the communication of all types of poly

rational parametric curves. With appropriate attribute values and subtypesptine_curveentit

ca

tyq
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-curve transition points, is provided for the construction of more complex curves

Th

offset.«urve andurve_on_surfacetypes are curves defined with reference to other geome

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

Hefinitions are

parametric terms. In others, the conic curves and elementary surfaces, titeodetare in geonpetric

he geometric
e this place-
e and

polynomi-
ell defined

parameter
Dr the conic
I orientation
2 -
was
nomial and
y is
pr B-spline
ation at

btry. 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 surfete$aee_of revolution

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

(©1SO 2008 — All rightsreserved
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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
information to define &ace

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
stdble form of representation for the surface geometry. dffset_surfaceentity is intendedfdr the
communication of a surface obtained as a simple normal offset from a given surfacecirgular_-
composite_surfaceentity provides the basic capability to connect together a rectangular mmesh of distinct
sufface patches, specifying the degree of continuity from patch to patch.

4.P.6 Preferred form

Sdme of the geometric entities provide the potential capability of defining an item of geomefry in more
than one way. Such multiple representationsem@mmodated by requiting the nomination of a ‘pre-

ferred form’ or ‘master representation’. This is the form which iS’used to determine the parametrisa-
tiop.

NOTE Themaster_representationattribute acknowledges, theimpracticality of ensuring that multigle forms

arg indeed identical and allows the indication of a preferred form. This would probably be determined by the
crdator of the data. All characteristics, such as parametrisation, domain, and results of evaluation, for an entity
haying multiple representations, are derived from the\master representation. Any use of the other rgpresentations
is & compromise for practical considerations.

4.3 Geometry constant and type definitions

43.1 dummy_gri

The constantlummy_gri isa,partial entity definition to be used when typegebmetric_represgnta-
tiop_item are constructed. It provides the correct supertypes anaddime attribute as an empty string.

EXPRESS spécification

)

CONSTANT

dummy_gri : geometric_representation item := representation item(”)||
geometric_representation_item();

END_CONSTANT;
(*
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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

*
)
TYIPE dimension_count = INTEGER;
WHERE

WR1: SELF > 0;

END_TYPE;

(*

Formal propositions

WR1: A dimension_countshall be positive.

4.3.3 b_spline_curve_form

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

EXPRESS specification

—

YPE b_spline_curve_forin ;= ENUMERATION OF
(polyline_form,
circular_arc,
elliptic_arc,
parabolic_atc,
hyperbolig.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.

(©I1SO 20083 — All rightsreserved 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.

437 b_sSpline_surface_form

This type is used to indicate that the B-spline surface represents a part of a surface of some s

EX

PRESS specification

(*

En

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);

ND_TYPE;

umerated item definitions

pla
ete

Cy
co

ne_surf: A bounded portion of a plane represented by a B-spline surface of degree 1 in ¢
r.

indrical\surf: A bounded portion of a cylindrical surface.

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

pecific form.

ach param-

Sp

rericat_surf—Aboundedportionofasphere; oracomptetesphere; represented-by aB=-sp

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.

ine surface.

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
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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.

guadric_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.

unclnpr‘ifind' A _surface forwhich no Ir\r_m‘ir‘l lar formis Qpprifipd

4.

3.5 extent_enumeration

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

EX

PRESS specification

(*

YPE extent_enumeration = ENUMERATION OF
(invalid,

zero,

finite_non_zero,

infinite);

ND_TYPE;

Enumerated item definitions

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

ze
fin
inf
4

T

f0: The extent is zero.
te_non_zero: The®@xtent is finite (bounded) but not zero.

nite: The extentis not finite.

B.6 knot_type

is“type indicates that the B-spline knots shall have a particularly simple form enabling

themsetvestobedefautted:

the knots

For details of the interpretation of these types see the B-spline curve entity definition (4.4.35).

EXPRESS specification

*)

(©1SO 2008 — All rightsreserved

19


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

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 nén-uniform 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_knotsThe 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

cutve/ 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 compaosite 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 directiontand their curvatures are equal at the joint; equality of derivatives is not
required. For a surface thi§ implies that the principal curvatures are the same and that the principal
directions are coincident along the common boundary.

4.8.9 trimming_ preference

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

EXPRESS specification

*

)

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

END_TYPE;

(©1SO 2008 — All rightsreserved 21
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(*

En

umerated item definitions

cartesian: Trimming by cartesian point is preferred.

pa}ameter: Trimming by parameter value is preferred.

un

4.

This select type represents the placing of mutually perpendicular axes instwo-dimensional

din
NQ
ifyi

EX

specified: No trimming preference is communicated.

3.10 axis2_placement

nensional Cartesian space.

TE This select type enables entities requiring ax@eeinent informatioh'to reference the axehwitt S
hg the space dimensionality.

PRESS specification

(*

B.11 curve_en-surface

YPE axis2_placement = SELECT
(axis2_placement_2d,
axis2_placement_3d);
ND_TYPE;

Curve_on_surfacds a curve on a parametric surface. It may be any of the following

apcurve.or

asurface_curve including the specialised subtypesiatersection_curveand

or in three-

pec-

seam_curveor

Th

22

acomposite_curve_on_surface

ecurve_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);

END_TYPE;

(*

4.3.12 pcurve_or_surface

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

EXPRESS specification

TIYPE pcurve_or_surface = SELECT
(pcurve,

surface);

END_TYPE;

4.3.13 surface_boundary

This type is used to select theitype of bounding curve to be used in the definitiaunfe bounded_-
sufface It provides for the beundary to be eithebaundary_curve or adegenerate_pcurve

EXPRESS specifieation

TYIPE surfacé _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.
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EX

PRESS specification

*)

TYPE trimming_select = SELECT

(cartesian_point,
parameter_value);

END_TYPE,

(

4.3.15 vector_or_direction

Thi

EX

s type is used to identify the types of entity which can participate in vector’éomputations.

PRESS specification

4.4 Geometry entity definitions

Thiis subclause contains all the explicit geometric entities. Except for entities defined in 3
sphce, all geometry is defined:in a right-handed Cartesian coordinate system (the geometr

TIYPE vector_or_direction = SELECT

END_TYPE,

(vector,
direction);

parameter
c coordinate

system). The space dimensjenality of this coordinate system is established by the contegeofjtiet-

ric

A
tio

of points andor vectofs)angor scalar (length) values.

44.1 geometric_representation_context

representation_item(see 4.4.2). The curve and surface definitions are all given essential

peometric_representation_contexis a representation_contextin which geometric_represq
h_itens are geometrically founded.

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.
(See 3.2 for definitions of geometrically founded and coordinate space.)

24
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EXPRESS specification

*

)

ENTITY geometric_representation_context
SUBTYPE OF (representation_context);
coordinate_space_dimension : dimension_count;

END_ENTITY;

(*

Atlribute definitions

coprdinate_space_dimensionThe number of dimensions of the coordinate-space which igdoe
metric_representation_context

NOTE Any constraints on the allowed rangecobrdinate_space_dimensioare outside the scope of this part
of |SO 10303.

4.4.2 geometric_representation_item

A geometric_representation_items arepresentation_itémthat has the additional meaning of |having
gepmetric position or orientation or both. This meaning is present by virtue of:

—1| being acartesian_pointor adirection;
—| referencing directly @artesian_pointor adirection;

—| referencing indirectly @artesian” pointor adirection.

NOTE 1 An indirect reference to eartesian_pointor direction means that a givegeometric_represg¢nta-
tion_item references theartesian_pointor direction through one or more intervening attributes. In mahy cases
thig information is given.in the form of aaxis2_placement

EXAMPLE 1 Consider a circle. It gains its geometric position and orientation by virtue of a refereaxig2o -
placementthat in turh references@rtesian_pointand severatlirections.

EXAMPLE-2.Y A manifold_solid_brepis ageometric_representation_itenthat through several layers tufpo-
lodical, representation_itens, referencesurves, surfaces andpoints. Through additional intervening éntities
cuives,and surfaces refererc@tesian_pointanddirection.

NOTE 2 The intervening entities, which are all of tygpresentation_item need not be of subtypgeomet-
ric_representation_item Consider thenanifold_solid_brep from the above example. One of the intervening
levels ofrepresentation_itemis aclosed_shell This is atopological_representation_itemand does not require
ageometric_representation_contextn its own right. When used as part of the definition ahanifold_solid_-
brep that itself is ageometric_representation_itemit is founded in ageometric_representation_context

NOTE 3 A geometric_representation_iteminherits the need to be related taepresentation_contextin a
representation The rulecompatible_dimensionensures that thepresentation_contextis ageometric_repre-
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sentation_context When in the context of geometry, this relationship causegebenetric_representation_item
to be geometrically founded.

NOTE 4 As subtypes afepresentation_itemthere is an implicit and/or relationship betwegeometric_rep-
resentation_itemandtopological_representation_item The only complex instances intended to be created are
edge_curve face_surface, angertex_point.

EXPRESS specification

*

)

ENTITY 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_model, edge based_ wireframe_model,
geometric_set))

SUBTYPE OF (representation_item);

DERIVE

dim : dimension_count := dimension_of(SELF);

WHERE

WR1: SIZEOF (QUERY (using_rep <{ ‘using_representations (SELF) |

NOT (GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_CONTEXT' IN

TYPEOF (using_rep.context_ of* items)))) = 0O;

END_ENTITY;

(*

Atlribute definitions

di

m: The coordinatelimension_countof thegeometric_representation_item

Formal 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_representation_-
contextin which thegeometric_representation_items geometrically founded.
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NOTE 6 A geometric_representation_itemis geometrically founded in one or mogeometric_representa-
tion_contexts, all of which have the sanmmordinate_space_dimensionSee the ruleompatible_dimensionin

4.5.
4.4.3 point
A point is a location in some real Cartesian coordinate sg&tefor m = 1,2 or 3.

EX

PRESS specification

EN

m

(*

NC
are

NC
co

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
h parameter space. Theigypis defined in a one, two or three-dimensional space as determil
mber of coordinates in the list.

TE 1 For the purposes of defining'geometry in this part of ISO 10303 only two or three-dimens
used.

TE 2 Depending upon thgeemetric_representation_contextn which the point is used the names
prdinates may be (x,y,z), ar (u,v), or any other chosen values.

PRESS specification

m

NTITYs-cartesian_point
SURERTYPE OF (ONEOF(cylindrical_point, polar_point, spherical_point))

system, or
ned by the

onal points

of the

SUBTYPF QF (point);

E
(*

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

(©1SO 2008 — All rightsreserved
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Att

ribute definitions

coordinates[1]: The first coordinate of thgoint 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 whichpeint 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 s
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;
(*
Attribute déefinitions
r: [The distance from the point to the z axis.

pe and for a

ystem,

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

IP

4.

A
at

1: The value oftheta shall lie in the rang® < theta < 360 degrees.

4.6 spherical_point

snherical naointis a tune ofcartesian nointwhich uses a snherical pr\lnr coaordinate cycfn
P a—2 Hsahyp =lat A3 t &SP &H & et !

, centred

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

phj:

to

NG

The distance from the pojnt to the origin.
ta: The angled between the z axis and the line joining the origin to the point.

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

TE See'Figure 1 for an illustration of the attributes.

the origin

Fo

mal propositions

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

Informal propositions

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

©!

SO 2008 — All rights reserved
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IP

ce

EX

a7

N s

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

polar_point

PRESS specifieation

m

NTITY<polar_point

SUBTYPE OF (cartesian_point);
r . length_measure;

Figure 1 — Spherical_point attributes

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

E
(*

30

heta © plane_angle_measure,

DERIVE

SELF\cartesian_point.coordinates : LIST [1:3] OF length_measure :=

WHERE

WR1: r >= 0.0;

ND_ENTITY;

[r*cos(theta), r*sin(theta)];

©I1S0O 2008 — All rightsreserved
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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.

mal-propositions
PP

(E)

Informal propositions

R1: The radius r shall be greater than, or equal to zero.

IP

a gpecific parameter value. The coordinate space dimensionality of the point is thaba$itecu

EXPRESS specification

7.8 point_on_curve

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

point_on_curveis apoint which lies on acurve. The pointds determined by evaluating thav

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

bapis_curve: Thecurve to whichpoint_parameter relates.

po

nt_parameter: The parameter value of thmint location.

e at
ve

SELF\geometric_representation_item.dim: The dimensionality of the space in which {h@nt_on_-

cu

Inf

rve is defined. This is the same as that of Hasis_curve

ormal propositions

IP1: The value of thgoint_parameter shall not be outside the parametric range ofdtieve.

(©I1SO 2008 — All rightsreserved
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4.4.9 point_on_surface

A point_on_surfaceis a point which lies on a parametric surface. The pointis 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 parametervalue of fhant location.

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

Informal propositions

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

44.10 point_in_volume

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

EXPRESS specification

)

ENTITY point_in_volume
SUBTYPE OF (point);
basis_volume . volume;
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point_parameter_u : parameter_value;

point_parameter_v : parameter_value;

point_parameter_w : parameter_value;
END_ENTITY;

(*

Attribute definitions

bagis_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 gant 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 fhebasis_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

WRZI~transformation.dim = parent_pt.dim;

WR2: acyclic_point_replica (SELF,parent_pt);

metric range

s the same

IDZENTITY:

(*

Attribute definitions

parent_pt: The pointto be replicated.

(©1S0O 2008 — All rightsreserved
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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.

44.12 degenerate_pcurve

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

NOTE For example, the apex of a cone could be representedegeaerate. 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 thdegenerate_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.

Informal propositions

44.13 evaluated_degenerate_pcurve

An evaluated_degenerate_pcurvis a type ofdegenerate_pcurvewhich gives the result of evaluating
thepcurve and associates it with the corresponding Cartesian point.

EXPRESS specification

m

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

m

(*

Atlribute definitions

eguivalent_point: The pointin the. geometric coordinate system represented by the degenenate pcurve.

4.4.14 direction

This entity defines ageneral direction vector in two or three dimensioaaksplhe actual magnitudes
of the components have no effect upon the direction being defined, only the ratios x:y:z| or x:y are
significant.

NOTE The components of this entity are not normalised. If a unit vector is required it should be [hormalised
before‘use.

EXPRESS specification

*
)
ENTITY direction
SUBTYPE OF (geometric_representation_item);
direction_ratios : LIST [2:3] OF REAL;
WHERE
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WR1: SIZEOF(QUERY(tmp <* direction_ratios | tmp <> 0.0)) > O;

END_ENTITY;

(*

Att

ribute definitions

NC
gi
gi
dir]
ac

SH
is
by

r

r

Fo

TE Thedirection_ratios attribute is a list, the individual elements of this list are defined below.
bction_ratios[1]: The componentin the direction of the X axis.
bction_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.

LF\geometric_representation_item.dim: The coordinate space dimensionality of the direcf
hn inherited attribute of thgeometric_representation_itensupertype; for this entity it is deter
the number oflirection_ratios in the list.

rmal propositions

W

4.

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

4.15 vector

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

NQ
ori

TE The magnitude of the vector must not be calculated from the components of the
bntation attribute. This form(of representation was selected to reduce problems with numerical ing

example a vector of magnitude 2.0 mm and equally inclined to the coordinate axes could be repr

e case of

ion. This
mined

tability. For
esented with

orientation attribute of (1.0,1.0,1.0).
EXPRESS specification
ENTITY' vector
SUBTYPE OF (geometric_representation_item):;
orientation : direction;
magnitude . length_measure;
WHERE
WR1 : magnitude >= 0.0;
END_ENTITY;
(*
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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.

4447 axisl placement

The direction and location in three-dimensional space of a single axiaxisd_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
Z T direction = NVLC{normaiise(axis), dummy_gr i
direction([0.0,0.0,1.0)));
WHERE

m

(*

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.

Fmal 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
s1_placementwhich is determined from it®cation, and is always equal to 3.

Thie location and origfitation in two-dimensional space of two mutually perpendicular axesign -

pla
be
Sy
dir
dir

cement_2ds defined in terms of a point, (inherited from the p

lacement supertype), and an pxis. It can

used to locate and orientate an object in two-dimensional space and to define a placemgnt coordinate
5tem.  Theventity includes a point which forms the origin of thec@ient coordinate system. A

pction vector is required to complete the definition of thecpiment coordinate system. Tiad -
pctiofivdefines the placement X axis direction; the placement Y axis direction is derived from 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;

(*

Attribute definitions

SHLF\placement.location: The spatial position of the reference point which defines the origin of the
aspociated placement coordinate system.

(%))

refl direction: The direction used to determine the direction of the local X axis:If
ref|_direction is omitted, this direction is taken from the geometric coordinate)system.

p: | The axis set for the placement coordinate system.

p

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

]: The normalised direction of the placement X axis. This is (1.0,0.@¥ ifdirection is omittedl.

—
[HRY

Formal propositions

WR1: The space dimensionality of tlais2_placement_2dhall be 2.

4.4.19 axis2_placement 3d

Thie location and orientation in three-dimensional space of two mutually perpendicular ax@ds2n
plgcement_3dis defined in terins of a point, (inherited from the placement supertype), and two (ideally
orthogonal) axes. It can bé used to locate and orientate a non axi-symmetric object in space fand to define
a placement coordinate system. Theitgrincludes a point which forms the origin of thegaement
coprdinate system,-Two direction vectors are required to complete the definition oatser@nt coor-

dinate system. Thaxisis the placement Z axis direction and tieé_direction is an approximatipn to

the placement-axis direction.

NOTEA Letz be the placement Z axis direction aade the approximate placement X axis directior]. There
arg two methods, mathematically identical but numerically different, for calculating dtempent X and Y axis
directions.

a) The vectomis projected onto the plane defined by the origin p&imind the vector to give the placement
X axis direction ax = (a — (a - z)z). The placement Y axis direction is then givenypoy= (z x x).

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

The first method is likely to be the more numerically stable of the two, and is used here.
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A placement coordinate system referenced by the parametric equations is derived fextis2h@lace-
ment_3ddata for conic curves and elementary surfaces.

EXPRESS specification

ENTITY axis2_placement_3d
SUBTYPE OF (placement);

axis . OPTIONAL direction;

ref _direction : OPTIONAL direction;
DERIVE

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

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;

m

(*

Atlribute definitions

SHLF\placement.location: The spatial pesition of the reference point and origin of the agsociated
plgcement coordinate system.

ax|s: The exact direction of the local'Z axis.

refl direction: The directionused to determine the direction of the local X axis. If necessary|an adjust-
ment is made to maintain_orthogonality to theis direction. If axis and/orref_direction is omifted,
these directions are taken from the geometric coordinate system.

p: [ The axes for the-placement coordinate system. The directions of these axes are deriyed from the
attributes, with appropriate default values if required.

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

p[3]: The-normalised direction of the local Y axis

A

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

NOTE See Figure 2 for interpretation of attributes.

Formal propositions

WR1: The space dimensionality of tIBELF\placement.locationshall be 3.
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axis
p[3]
tocotion Sy
Z
ref_direction
project
onto plane
normal to
axis
X Y

A
taf

Figure 2 — Axis2_placement_3d

R2: The space dimensionality akis shall he"3.

R3: The space dimensionality off_direction shall be 3.

|d_axesfunction.)

7.20 cartesian_jtransformation_operator

cartesian_transformation_operatordefines a geometric transformation composed of transl
on, mirroring and‘uniform scaling.

Thie list of mermalised vectors defines the columns of an orthogonal matilix These vector

co
ca

mputed; by thbéase_axidunction, from the direction attributexxisl, axis2and, in

R4: The axis and theref_directionshall not be parallel or anti-parallel. (This is required

by the

ation, ro-

S are

Thielocal origin pointA , the scale valu¢ and the matriXT together define a transformation.

tesiah_transformation_operator_3d axis3 If |T| = —1, the transformation includes mirv|oring.

Th

Th

e transformation for point with position vectoP is defined by

P—-A+4+STP

e transformation for direction d is defined by

d —- Td

(©1SO 2008 — All rightsreserved
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Th

e transformation for gector with orientation d andmagnitude & is defined by

d —- Td

and

Fo
de
su
co
a(

Fo

Th
tern
de
atq

NG

EX

k— Sk

Fivation, to the derived attribut@sdefining the placement coordinad@ections. For a transfo
[face the direction of the surface normal at any point is obtained by transforming the>nor
rresponding point, to the origingdirface For geometric entities with attributes (such as the
ircle) which have the dimensionality of length, the values will be multiplied by.

S—Y

b curves on surface thee curve.reference_to_curvewill be unaffected by anystransformation.

e cartesian_transformation_operatorshall only be applied to geometry defined in a consis
h of units with the same units on each axis. With all optional attributeégesmthe transform
faults to the identity transformation. Thartesian_transformation—operatorshall only be ins
bd as one of its subtypes.

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

PRESS specification

m

NTITY cartesian_transformation_opefator

it

SUPERTYPE OF(ONEOF(cartesSian_transformation_operator_2d,
cartesian_transformation_operator_3d))
SUBTYPE OF (geometric_tepresentation_item,
functionally_defined_transformation);

er the
rmed

mal, at the
adius of

tent sys-
ation
anti-

axisl . OPTIONAL direction;
axis2 . @QPTIONAL direction;
local_origin : cartesian_point;
scale ) "OPTIONAL REAL;
DERIVE
scl : REAL := NVL(scale, 1.0);
WHERE
WR1;scl > 0.0;
END- ENTITY;
(

Attribute definitions

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

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

42
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transformation

shape after T

shape before

log
the

SC

SC

Fo

(rotation)

ransrtormation

Figure 3 — (a) Cartesian_transformation_operator_3d

al_origin: The required translation;specified as a cartesian point. The actual translation
 transformation is from the geometric origin to the local origin.

hle: The scaling value specified for the transformation.

: The derived scalé of thetransformation, equal szaleif that exists, or 1.0 otherwise.

rmal propositions

W

4.

R1: Thederived scalingclshall be greater than zero.

.21 cartesian_transformation_operator_3d

A cartesian_transformation_operator_3ddefines a geometric transformation in
three-dimensional space composed of translation, rotation, mirroring and uniform scaling.

The list of normalised vectorg defines the columns of an orthogonal matiix These vectors are

computed from the direction attributegisl, axis2andaxis3by thebase_axidunction. If|T| = —1,

the transformation includes mirroring.

(©1SO 2008 — All rightsreserved
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Figure 3 — (b) Cartesian_transformation_operator_3d

EXPRESS specification

*
NTITY cartesian_transfornjation_operator_3d
SUBTYPE OF (cartesian transformation_operator);

axis3 : OPTIONAL (direction;

DERIVE

u . LIST[3:3] OF direction
:= base’ axis(3,SELF\cartesian_transformation_operator.axis1,
SELF\cartesian_transformation_operator.axis2,axis3);

m

:3’

WHERE
WR1:. \SELF\geometric_representation_item.dim
NDENTITY;

m

(*

Attribute definitions
SELF\cartesian_transformation_operator.axis1: The direction used to determing1], the derived

X axis direction. If necessary[1] is adjusted to make it orthogonal «)3].
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|

shape before

SH

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

ax
SH
Sid
ori
SH

SH

egual tosealeif that exists, or 1.0 otherwise.

u:

N~ ransrormation
AV wl
\\ \
\
N Y
\

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

Figure 3 — (c) Cartesian_transformation_operator_3d

LF\cartesian_transformation_operator.axis2: The direction used to determing2], the def
s3: The exact direction o&[3];.the derived Z axis direction.
LF\cartesian_transformation_operator.local_origin: The required translation, specified as

n point. The actual tramslation included in the transformation is from the geometric origin
gin.

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

The list of mutually orthogonal, normalised vectors defining the transformation ntrikhey

de

Fo

nsadl fraona tl s lioit ol b ogn o) it ndaviieDia ot ralar
IVCUu 1murit uic CI\'JII\;IL AU TUULOATOS Y, AATO L AlTUAAlIoSAZTT UTat UTuct.

rmal propositions

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

(©1SO 2008 — All rightsreserved
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LF\cartesian. transformation_operator.scale: The scaling value specified for the transformation.

are
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4.4.22 cartesian_transformation_operator_2d

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

The list of normalised vectorg defines the columns of an orthogonal matiix These vectors are
computed from the direction attributesis1 andaxis2 by the base_axisfunction. If |T| = —1, the
transformation includes mirroring.

EXPRESS specification

m

NTITY cartesian_transformation_operator_2d

SUBTYPE OF (cartesian_transformation_operator);

DERIVE

u : LIST[2:2] OF direction :=
base_axis(2,SELF\cartesian_transformation_operator.axis?,

SELF\cartesian_transformation_operator,axis2,?);

WHERE

WR1: SELF\geometric_representation_item.dim = 2;

ND_ENTITY;

m

(*

Atlribute definitions

SHLF\cartesian_transformation_operator.axis1: The direction used to determing1], the defived
X @xis direction.

SHLF\cartesian_transformation_operator.axis2: The direction used to determing2], the defived
Y axis direction.

SHLF\cartesian_trapsformation_operator.local_origin: The required translation, specified aga carte-

sign point. The aetual translation included in the transformation is from the geometric origin o the local
origin.
SHLF\cartesian_transformation_operator.scale: The scaling value specified for the transformation.

SHLF\cartesian_transformation_operator.scl: The derived scalé§ of the transformation, egpal to

BlaSiF+h ot ansicte Ay 1 N At oo o
SCarettRatexXistS; o610 otherwise:

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

Formal propositions

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

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

EXPRESS specification

m

EN
&

Inf]

NTITY curve

SUPERTYPE OF (ONEOF(line, conic, clothoid, circular_involute, pcurve,
surface_curve, offset curve 2d, offset _curve_3d, curve_replica))

SUBTYPE OF (geometric_representation_item);

D_ENTITY;

prmal propositions

IP
IP

4.

Al

|: A curve shall be arcwise connected.

P: A curve shall have an arc length greater than zero:

4.24 line

ne is an unbounded curve with constanttangent directioimeis defined by goint and adirecti

Thie positive direction of the line is in.thedirection of ttlie vector.

Thie curve is parametrised as follows:

an

EX

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

d the paramétric rangeisxo < v < oc.

PRESS specification

*)

E

NTITY line

SUBTYPE OF (curve);
pnt : cartesian_point;
dir : vector;

WHERE

E

WR1: dir.dim = pnt.dim;
ND_ENTITY;

(©1SO 2008 — All rightsreserved
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(*

Att

ribute definitions

pnt: The location of thdine.

di
SH

r

This is an inherited attribute from the geometric representation item supertype.

Fo

The direction of thdine; the magnitude and units dir affect the parametrisation of the fin

LF\geometric_representation_item.dim: The dimensionality of the coordinate spacg-for I

rmal propositions

W

of

A

representation is defined in terms of thisplacement coordinate system.

EX

.25 conic

R1: pnt anddir shall both be 2D or both be 3D entities.

Conicis a planar curve which could be produced by intersecting a plane with a cone.

coniccurve is defined in terms of its intrinsic geometric properties rather than being describ)
pther geometry.

conic entity always has a ptement coerdinate system definedaxys2_placementthe param

PRESS specification

m

m

(*

NTITY conic

SUPERTYPE QF (ONEOF(circle, ellipse, hyperbola, parabola))
SUBTYPE OEY(curve);

position;-axis2_placement;

ND_ENTITY;

U

he.

ed in terms

etric

Attribute definitions

position: The location and orientation of the conic. Further details of the interpretation of this attribute
are given for the individual subtypes.

48
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4.4.26 circle

A circle is a conic section defined by a radius and the location and orientation of the circle. Interpretation
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) = C+ R((cosu)x + (sinu)y)

Thie parametrisation range(s< « < 360 degrees.

In the placement coordinate system defined above, the circle is the ggtiationwhere
C($,y,2’) = $2 + y2 - R2
Thie positive sense of the circle at any pointis in the tangent-direcTipty the curve at the point, Wwhere

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

NOTE A circular arc is defined by using themmed_cuive entity in conjunction with theircle entity.

EXPRESS specification

m

NTITY circle

SUBTYPE OF (conic);

radius . positive_length_measure;
ND_ENTITY;

m

Atlribute definitions

SHLF\conic.position.location: This inherited attribute defines the centre of the circle.

radius: 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
position (center or mid point of the line joining the foci) and orientation of the curve.
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p[2]
ref_direction
Z F__\\
\ Iy — p[1]
axis
pL3]
X Y
Figure 4 — Circle
Interpretation of the data shall be as follows:
C = paosition.location
X =y position.p[1]
y~L=  position.p[2]
z- = position.p[3]
1, = semi_axis_1
Ry, = semi_axis_2
and the ellipse is paramettised as

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

Thie parametrisationrangels< « < 360 degrees.

In the placeément coordinate system defined abovellipseis the equatiofi = 0, where

Cle,y,2) =2*/Ri+y*/R; - 1

Hianthe oo attha nannt Alhere
ar thrc—Ccorve Tt oGV

EXPRESS specification

*)
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axis
| p[3]
p[2]
ref_direction
\
T — "\
= p[1]
Z
location
X Y
Figure 5 — Ellipse
ENTITY ellipse
SUBTYPE OF (conic);
semi_axis_1 : positive_length_measuire;
semi_axis_2 : positive_length_measure;
END_ENTITY;
(*
Atlribute definitions
SHLF\conic.pasition: 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.
semizaxis—2:The second radiusofthe nllipen which-shallbe pncii_‘i\/n

NOTE See Figure 5 for interpretation of attributes.

(©1SO 2008 — All rightsreserved
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4.4.28 hyperbola

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

c—=—-peositiordecation———mm—————————————
x = position.p[1]
y = position.p[2]
z = position.p[3]
Ry = semi_axis
Ry, = semi_imag_axis
and the hyperbola is parametrised as

A(u) = C+ (Rycoshu)x + (Rysinh u)y

Thie parametrisation rangeisx < u < oc.

In the placement coordinate system defined above, the hiyperbola is represented by the gdtjon
where

Cle,y,2) = 2*/Ricy’/R; — 1

Thie positive sense of the hyperbola at any pointis in the tangent dire@tjdn,the curve at the point,
where

T.9(—C,,Ca, 0).

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

EXPRESS specification

ENTITY hyperbola
SUBTYPE-~OF (conic);
semi_axis . positive_length_measure;
semi_imag_axis : positive_length_measure;
ENDAENTITY;
(*
Attribute definitions

SELF\conic.position: The location and orientation of the curve.
conic.position.locationis the centre of the hyperbola aodnic.position.p[1]is in the direction of the
semi-axis. The branch defined is on the sidpasition.p[1] positive.
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p[ 3]
p[2]
\ / semi__imog
/ axis
pfﬂ

semiwad

ref_direction

se

digtance between the two branches of the hypérbola.

se

NQTE See Figure 6 for interpretation of attributes.

Fo

Figure 6 — Hyperbola

Mi_axis: The length of the semi-axis of the hyperbola. This is positive and is half the

mi_imag_axis:The length of the semi-imaginary axis of the hyperbola which shall be posi

rmal propositions

7.29 parabola

R1: The length.6fthesemi_axisshall be greater than zero.

R2: The length of thesemi_imag_axishall be greater than zero.

Mminimum

ive.

A

Int

arabotaisaconicsectiondefined-byitsfocattength; position(apex);,andorientation:

erpretation of the data shall be as follows:
C = position.location
x = position.p[1]
y = position.p[2]
z = position.p[3]
F = focal_dist

(©I1SO 2008 — All rightsreserved
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Y
‘ ol 2] ref__direction
A /\
.

p[ 1]

location

B X

Figure 7 —Parabola

and the parabola is parametrised as
X(u) = C 4 F(u*x + 2uy)

Thie parametrisation range+4sx < u < co.

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

where
Clx,y,2) = 4Fz — y?

Thie positivesense of the curve at any pointis in the tangent dire@ia,the curve at the point, Wwhere

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

EXPRESS specification

)

ENTITY parabola
SUBTYPE OF (conic);
focal_dist : length_measure;
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WHERE
WR1: focal_dist <> 0.0;
END_ENTITY;

(*

Atirbute definitions

SHLF\conic.position: The location and orientation of the cunaanic.position.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.

NQTE 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 in the 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:

<

position.location
= position.p[1]

X
y = position.p[2]
A = clothoid_constant

anfd theclothoid is parametrised as

Alu)=C+ A\/E(/Ou COS(T%)dt X + /Ou sin(ﬂ'%)dt y)

Thie parametrisation rangeisxo < u < oc.
Thie arc'lengtly of the curve, from the point, is given by the formula:

4
o — TN/

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

NOTE 1 A more detailed description of the clothoid curve can be found in [4].
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EXPRESS specification

)
E

NTITY clothoid

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

(*

Atlribute definitions

ND_ENTITY,

po
po
po
NG

cld
the

NG

4.

A

po
dis
ar(
sp

NG

Ing

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

TE If positionis of typeaxis2_placement_2dheclothoid is definéd in a two dimensional space.

thoid_constant: The constant which defines the relationship between curvature and arg
 curve.

TE See Figure 8 for interpretation of attributes.

1.31 circular_involute
Circular_involute is the involute of a Eircle. The involute of a planar curve is the locus o

tance from any poirf® on the,involute to the tangential contact poihon the circle is equal
length fromPq to T. Theeircular_involute has a cusp at the poilt, (v = 0), and forms a d
ral enclosing the base Circle.

TE 1 See [3] for further properties of involute curves.

prpretation afthe data shall be as follows:

C = position.location (centre of circle)
= position.p[1]
= position.p[2]

length for

the end

nt of a thread as it is wound round the curvePlf is the point where the involute meets the cifcle the

o the
buble

+ < A
|

= haca vraduic

TOoST— IatiosS

and thecircular_involute is parametrised as

A(u) = C+ r(cosu+ usin u)x + r(sinu — ucosu)y

The parametet is measured in radians and parametrisation rangeds< « < oo. At any point on the
involute the distancBC from a pointP on the curve with parameterto the centre poin€ satisfies the

eq

56

uation:
(PC)? = r*(1 + u?)
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Nd
val

EX

location

ref_direction

Figure-8 — Clothoid curve

TE 2 Seefigure 9 forthe interpretation of the attributes. This figure shows a portion of the curve for parameter

ues between -1.5 and’1.5.

PRESS-spécification

m

NTITY circular_involute

E

(*

SUBTYPE OF (curve);
position . axis2_placement;

base radius : positive_length_measure;

ND_ENTITY;

(©1SO 2008 — All rightsreserved
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C x(ref_direction), u>0

r

Figure 9 — Circularinvolute curve

Atlribute definitions

o

p

p
ba

(@]

Sition.location: The the centr€ of the base circle from which the involute is defined.

sition.p[1]: The direction fromcentre of the base circle to the cusp @inof thecircular_involy

7.32 bounded_curve

bounded _-curveis acurve of finite arc length with identifiable end points.

NQTE 4 \’bounded_curveis not included in the ONEOF list for curve and, as such, has an implicit ar

tio

se_radius: The radius of the base circle, for which ttiecular_involute is the wrapping curve|.

ite .

d/or rela-
Lirve

nship*with other subtypes of curve. The only complex instances intended to be creabediaded pc

an

ST Aael £
UDUTTITUC U SUTTALT —LUTvVT

EXPRESS specification

)
ENTITY bounded_curve

58

SUPERTYPE OF (ONEOF(polyline, b_spline_curve, trimmed_curve,
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bounded_pcurve, bounded_surface _curve, composite_curve))
SUBTYPE OF (curve);
END_ENTITY;

(*

Infetmal-propositions
HRa+-pFopoes =2

TeroTT:

IP1: A bounded curve has finite arc length.

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

4.4.33 polyline

A polyline is abounded_curveof » — 1 linear segments, defined by a listopoints,
PP, ... P,.

Thieith segment of the curve is parametrised as follows:
Auw)=P;(i —u)+Pip1(u+1—1), for 1<i<n-1

wHere: — 1 < » < ¢ and with parametric range 6f< u n — 1.

EXPRESS specification

m

NTITY polyline

SUBTYPE OF (bounded_cutve);

points : LIST [2:?] OF cartesian_point;
ND_ENTITY;

m

Atlribute definitions

pojnts; Fhecartesian_point defining theolyline.

4.4.34 b_spline_curve

A B-spline curve is a piecewise parametric polynomial or rational curve described in terms of control
points and basis functions. The B-spline curve has been selected as the most stable format to represent
all types of polynomial or rational parametric curves. With appropriate attribute values it is capable of
representing single span or spline curves of explicit polynomial, rational, Bézier or B-spline type. The
b_spline_curvehas three special subtypes where the knots and knot multiplicities can be derived to
provide simple default capabilities.
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NOTE 1 Identification of B-spline curve default values and subtypes is important for performance considerations
and for efficiency issues in performing computations.

NOTE 2 A B-spline isrational if and only if the weights are not all identical; this can be represented by the
rational_b_spline_curvesubtype. If itis polynomial, the weights may be defaulted to all being 1.

NOTE 3 Inthe case where the B-spline curve is uniform, quasi-uniform or Bézier (including piecewise Bézier),
theknots and knot mnlriplir‘iripe may be defaulted (i e non-existent in the data as Q!’)P(‘ifipd by the attribute defini-

tions).

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

NQTE 5 The knots and knot multiplicities shall not be defaulted in the non-uniformcase.
NQTE 6 The defaulting of weights and knots are done independently of one-another.

NQTE 7 Definitions of the B-spline basis functioNg («) can be found in {11, [2], [5], [6]]. It should be |noted
that there is a difference in terminology between these references.

Interpretation of the data is as follows:

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

k
Alu) = Z: PN (u).

b)| Inthe rational case all weights shall'be positive and the curve is given by:
i wiPiN{ (u)

M= wNw)
where
k+1 = number of control points,
P; = control points,
w; = weights, and
= degree.

Theknot array is an array @k + d + 2) real number$u_g, ..., ux+1], such that for all indiceg

in[<d, k],u; < u;q;. This array is obtained from thinots list by repeating each nitiple knot
according to the mitiplicity. N¢, theith normalised B-spline basis function of degrkés defjned
on the subsete; g, ..., u;11] Of this array.

c) Letl denote the number of distinct values amongstdthek + 2 knots in the knot listy, will be
referred to as the ‘upper index on knots’. ket denote the multiplicity (i.e., number of repetitions)
of the jth distinct knot. Then:

L
> mi=d+k+2.

=1
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_

conthol_poiny

Figure 10 — B-spline curve

All knot multiplicities except the first and the last shall.be in the ranhge ., d; the first and last
may have a maximum value df+ 1.

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

=

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

NOTE 8 See Figure 10 for further infermation on curve definition.

EXPRESS specification

m

NTITY b_spline“curve
SUPERTYPE OF (ONEOF(uniform_curve, b_spline_curve_with_knots,
qguasi_uniform_curve, bezier_curve)
ANDOR rational_b_spline_curve)
SUBTYPE OF (bounded_curve);

degree - INTEGFR:
control_points_list : LIST [2:?] OF cartesian_point;
curve_form . b_spline_curve_form;
closed_curve . LOGICAL;
self_intersect . LOGICAL;

DERIVE

upper_index_on_control_points : INTEGER
:= (SIZEOF(control_points_list) - 1);
control_points : ARRAY [O:upper_index_on_control_points]
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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

(*

Atlribute 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.

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

cufve_form: Used to identify particular types of curve; it isifor information only. (See 4.3.3 for| details).

clgsed_curve: Indication of whether the curve is closed,; it is for information only.

y.

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

se|f_intersect: Flag to indicate whether the curve'self-intersects or not; it is for information of

upper_index_on_control_points: The upper index on the array of control points; the lower ingex is O.
Thijis value is derived from theontrol _points_list.

coptrol_points: The array of cantrol points used to define the geometry of the curve. This|is derived
from the list of control points:

Formal propositions

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

lon

4.4.:35 b_spline_curve_with_knots

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

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

L
> omi=d+k+2.

=1

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

In pvaluating the basis functions, a knoof, e.g., multiplicity3 is interpreted as a sequenegu, 4, in
the knot array.

EXPRESS specification

m

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

knots : LIST [2:?] OF parameter.wvalue;
knot_spec . knot_type;
DERIVE
upper_index_on_knots : INTEGER := SIZE@F(knots);
WHERE

WR1: constraints_param_b_spline(degtee, upper_index_on_knots,
upper_index_on_control_points,
knot_multiplicities, knots);

WR2: SIZEOF(knot_multiplicities) = upper_index_on_knots;

END_ENTITY;

(*

Atlribute definitions

NOTE Where{part of the data is described as ‘for information only’ this implies that if there is any discrepancy
befween this'information and the properties derived from the curve itself, the curve data takes precedence.

knpt-multiplicities: The multiplicities of the knots. This list defines the number of timash knjot in
theknotslistis to he rplnpnfprl in r‘nnatrllr‘fing the knot array

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

SELF\b_spline_curve.curve_form: Used to identify particular types of curve; it is for information
only. (See 4.3.3 for details).

SELF\b_spline_curve.degree:The algebraic degree of the basis functions.
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SELF\b_spline_curve.closed_curveindication of whether the curve is closed; it is for information
only.

SELF\b_spline_curve.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.

S

LEA b spline curve unper index on caontrol pnintc'Thnllppnrindnv onthe array ofcontrol points'
T g Lt

the

up

SE
cu

Fo

b lower index is 0. This value is derived from the list of control points
per_index_on_knots: The upper index on the knot arrays; the lower index is 1.

LF\b_spline_curve.control_points: The array of control points used to define the geomet
r've. This is derived from the list of control points.

rmal propositions

W
B

w
the

4.

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

for

A
fro

NG

EX

R1: constraints_param_b_splinereturns TRUE if no inconsjstencies in the parametrisatig
bpline are found.

R2: The number of elements in the knot multiplicities list shall be equal to the number of e
 knots list.

1.36 uniform_curve

the knots and knot multiplicities are-derived in this case.

B-spline isuniformif and only.if all knots are of multiplicity 1 and they differ by a positive ¢
Im the preceding knot. In this'subtype the knot spacing is 1.0, starting,avhered is the degrg

TE If the B-spline curve:is uniform and degree=1, the B-spline is equivalerpadyéine.

PRESS specification

*

E

NTITY. uniform_curve

ry of the

n of the

ementsin

It values

bnstant
£e.

SUBTYPE OF (b_spline_curve);

E

ND_ENTITY;

(*

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

64

k_up = SELF\b_spline_curve.upper_index_on_control_points + degree + 2.
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If required, the knots and knot multiplicities can be computed by the function calls:
default_b_spline_knot¢SELR\b_spline_curve.degree, k_up,uniform_knots),
default_b_spline_knot_mul{SELF\b_spline_curve.degree,k_up, uniform_knots).

4.4.37 guasi_uniform_curve

This is a special type db _spline curvein which the knots are evenly spaced, and except for the first
angd last, have multiplicity 1. Suitable default values for the knots and knot multiplicities are [derived in
this case.

A B-spline isquasi-uniformif and only if the knots are of multiplicity (degree+1) atithe ends,|of mul-
tiplicity 1 elsewhere, and they differ by a positive constant from the preceding knot. A quagi-uniform
B-gpline curve which has only two knots represents a Bézier curve. In thisSubtype the kngt spacing is
1.0, starting at 0.0.

EXPRESS specification

m

NTITY quasi_uniform_curve
SUBTYPE OF (b_spline_curve);
ND_ENTITY;

m

(*

NQTE 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_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¢SELR\b_spline_curve.degree,k_up, quasi_uniform_knots)
default_b_spline_knet\mul{SELF\b_spline_curve.degree,k_up, quasi_uniform_knots).

4.4.38 bezier_ curve

Thijs subtype represents in the most general case a piecewise Bézier curve. This is a specialltype of curve
wHichycan be represented as a typdo$pline_curvein which the knots are evenly spaced apd have
high multiplicities. Suitable default values for the Knots and Knot multiplicities are derived in this case.

A B-spline curve is a piecewise Bézier curve if it is quasi-uniform except that the interior knots have
multiplicity degreerather than having multiplicity one. In this subtype the knot spacing is 1.0, starting
at 0.0. A piecewise Bézier curve which has only two knots, 0.0 and 1.0, eachtgilioily (degree+1),

is a simple Bézier curve.

NOTE 1 A simple Bézier curve can be defined as a B-spline curve with knots by the following data:
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degree 4

upper index on control points (equaldp

control points { + 1 cartesian points)

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

knots (0.0, 1.0)

No|
be

Nd
cu
Bé

To

EX
(4,

EX

sequence (4,3,4).

NQ
of

given.
TE 2 It should be noted that every piecewise Bézier curve has an equivalent representation

ve. Because of problems witton-uniform knots not every B-spline curve can be represented as g
pier curve.

define a piecewise Bézier curve as a B-spline:

The first knot is 0.0 with multiplicityd + 1).
The next knot is 1.0 with multiplicityl (the knots for one segmentare now defined, unless it is the]

The next knot is 2.0 with multiplicity (the knots for two segments are now defined, unless the se
last one).

Continue to the end of the last segment, call it thth' segment, at the end of which a knot with \
multiplicity (d + 1) is added.

AMPLE 1 A one-segment cubic Bézierscurve would have knot sequence (0,1) with multiplicity

).

AMPLE 2 A two-segment cubic piecewise Bézier curve would have knot sequence (0,1,2) with

TE 3 Forthe piecewise'Bézier case] i the degreek + 1 is the number of control points; is the nu
nots with multiplicitydjand N is the total number of knots for the spline, then

(d+2+4+%k = N
(d+1)+md+ (d+1)
thus,m = (k—d)/d

other data are needed, except for a rational Bézier curve. In this case the weightg data REALs) shall

ns a B-spline
piecewise

last one).

rond is the

alye

sequence

multiplicity

mber

Th

s the knot sequence(s, 1, ..., m, (m + 1)) with multiplicities (d + 1, d,...,d,d+ 1).

EXPRESS specification

)
ENTITY bezier_curve

SUBTYPE OF (b_spline_curve);

END_ENTITY;

66
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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.

If r
de
de

an
ex

A

wh

EX

Pl i i LU ] FE) . ] ; 7 LI
DL LTANU_SPUTC_CUrvCc. G pper triiach__On_CONLTOL_PULTits

1.
SELF\b_spline_curve.degree +

k_up =

bquired, the knots and knot multiplicities can then be computed by the function calls:
ault_b_spline_knot¢SELFR\b_spline_curve.degree,k_up, piecewise_bezier_knots)

#.39 rational_b_spline_curve

plicitly or implicitly provide the knot values used to define thédbasis functions.

weights shall be positive and the curve is given by:

Zf:O wZPZNZd(u)
Alu) = .
( ) Zf:o wZNZd(u)

ere .
k+1 = number of control points,

P; = control points,
wi= weights, and
= degree.

PRESS specification

m

NTITY rational\b_spline_curve
SUBTYPE;OF (b_spline_curve);
weightsidata : LIST [2:?] OF REAL;

ERIVE

weights . ARRAY [O:upper _index on_control points] OF REAL

ault_b_spline_knot_mul{SELF\b_spline_curve.degree,k_up, piecewise_bezier_knots)-

ational_b_spline_curveis a piecewise parametric rational curve described in terms of cont
[ basis functions. This subtype is instantiated with one of the other subtypesphihe_curvewl

rol points
lich

.= list_to_array(weights_data,0,
upper_index_on_control_points);

WHERE

E
(*

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

WR2: curve_weights_positive(SELF);

ND_ENTITY;
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Attribute definitions

NOTE Where part of the data is described as ‘for information only’ this implies that if there is any discrepancy
between this information and the properties derived from the curve itself the curve data takes precedence.

weights_data: The supplied values of the weights. See the derived attribaights

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

SHLF\b_spline_curve.curve_form: Used to identify particular types of curve; it is for information
onjy. (See 4.3.3 for details.)

SHLF\b_spline_curve.closed_curveindication of whether the curve is closed; it i$ [for information
only.

SHLF\b_spline_curve.self_intersect:Flag to indicate whether the curve selfintérsects or nofj it is for
infprmation only.

SHLF\b_spline_curve.upper_index_on_control_points:The upper indexon the array of contrpl points;
the lower index is 0. This value is derived from the list of control pgints

SHLF\b_spline_curve.control_points: The array of control peiits used to define the geometry of the
cufve.This is derived from the list of control points

wgights: The array of weights associated with the controlPpoints. This is derived fromelghts_gata

Formal propositions

WR1: There shall be the same number 0fweights as control points.
WR2: All the weights shall have values greater than 0.0.

4.4.40 trimmed_curve

Atrimmed 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 thé'same basis curve. Trimming points for the curve may be identified:

—| by parametric value;

—| Aygeometric position;

— by both of the above.

At least one of these shall be specified at each end of the curveserisemakes it possible to unam-
biguously define any segment of a closed curve such as a circle. The combinations of sense and ordered
end points make it possible to define four distinct directed segments connecting two different points on
a circle or other closed curve. For this purpose cyclic properties of the parameter range are assumed; for
example, 370 degrees is equivalent to 10 degrees.
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The trimmed curve has a parametrisation which is inherited from that of the particular basis curve refer-
enced. More precisely the parametasf the trimmed curve is derived from the parametef the basis
curve as follows:

If senseis TRUEs =t — ¢;.
If sense is FALSEs = ¢ — ¢.

In the above equationts is the value given by trim_1 or the parameter value correspanding to point_1
anfdt, is the parameter value given by trim_2 or the parameter corresponding to point_2. The resultant
trimmmed 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 incrgneerit by the parametric Iength
forlconsistency with the sense flag.

NQTE 2 For example:

(a)|lf sense_agreemert TRUE andt, < 1, 2 should be increased Hyjythe parametric length.
(b)|If sense_agreement FALSE andt; < -, 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: (HIINDEX(trim_1) = 1) OR (TYPEOF(trim_1[1]) <> TYPEOF(trim_1[2]));
WR2: (HIINDEX(trim_2) = 1) OR (TYPEOF(trim_2[1]) <> TYPEOF(trim_2[2]));
END_ENTITY;

Attribute definitions

basis_curve: Thecurve to be trimmed. For curves with multiple representations any parameter values
given agrim_1 ortrim_2 refer to the master representation of Haeis_curveonly.

trim_1: The first trimming point which may be specified as a cartesian point (point_1), as a real param-
eter value (parameter_1ts), or both.
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trim_2: The second trimming point which may be specified as a cartesian point (point_2), as a real

pal

rameter value (parameter_25¥, or both.

sense_agreementflag to indicate whether the direction of the trimmed curve agrees with or is opposed
to the direction obasis_curve

sense agreemert TRUE if the curve is being traversed in the direction of increasing parametric

value;

m4
ind
tha

Nd
arg
crg
ha
X:

Fo

ts > t1, sense agreemesat TRUE. The sense information is redundant in this case|but ig
for a closed curve.

\ster_representation: Where both parameter and point are present at either end of the
icates the preferred form. Multiple representations provide the ability to_.communicate d
in one form, even though the data are expected to be geometricallyidentical. (See 4.3.9.

TE 3 The master_representation attribute acknowledges the impractieality of ensuring that m
indeed identical and allows the indication of a preferred form. This‘would probably be determ
ator of the data. All characteristics, such as parametrisation, démain, and results of evaluation,
ing multiple representations, are derived from the master representation. Any use of the other re
. compromise for practical considerations.

rmal propositions

W

R1: Either a single value is specified foim: 1, or, the two trimming values are of differen

(point and parameter).

W

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

(point and parameter).

Infl

prmal propositions

IP
co

IP

IP
sh

hsistent, i.e. thbasis_curveevaluated at the parameter value shall coincide with the specif
P: When/aycartesian point is specifiedtoyn_1 or bytrim_2, it shall lie on thebasis_curve

B: EXcept in the case of a closédsis_curve where both parameter_1 and parameter_2 e
allbe consistent with the sense flag, i.e., sense = (parametgratameter_2).

sense agreement FALSE otherwise. For an open curve, sense agreemdrlL SE if 143> 1.

If
essential

curve this
hta in more

iltiple forms
ined by the
for an entity
presentations

types

types

|: Where both the parameter value and the cartesian point exisirforl or trim_2 they shdll be

ed point.

Kist, they

IP4: If both parameter_1 and parameter_2 exist, parameter- parameter_2.

IP5: When a parameter value is specifiedtbgn_1 ortrim_2, it shall lie within the parametric range
of thebasis_curve

70
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4.4.41 composite _curve

A composite_curveis a collection of curves joined end-to-end. The individual segments of the curve
are themselves defined asmposite_curve_segmest The parametrisation of the composite curve

is an accumulation of the parametric ranges of the referenced bounded curves. The first segment is
parametrised from 0 th, and, fori > 2, thei’” segment is parametrised from

th I to Zlk’
k=1 k=1

wherel;, is the parametric length (i.e., difference between maximum and minimum/parameter values)
of the curve underlying thé!” segment. Lef” denote the parameter for tkemposite_curve Then,

if the ith segment is not eeparametrised_composite_curve_segment’ is related to the parameter

ti,| tio <t; <t;, forthe:th segment by the equation:

-

1—1
T =Y lx+ti —tio,
k=1

if gegments[i].same_senseTRUE;

or py the equation:
i—1

T=> l+tac b
k=1

if egments[i].same_senseFALSE.

If $egmentsiijis of typereparametrised-composite_curve_segment

1—1
T = Z Iy + T,
k=1
Wiherer is defined in 4.4:43.
EXPRESS spécification
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
WR1: ((NOT closed_curve) AND (SIZEOF(QUERY(temp <* segments |
temp.transition = discontinuous)) = 1)) OR
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discontinuous —\

continuous ,/
cont_same_qgradient it
/
/
Ve
Ve
e
7
\ /
\ /
\ /
N Ve
~N r e

cont_same_gradient_same_curvature

m

(*

Atlribute definitions

Figure 11 — Composite_curve

((closed_curve) AND (SIZEOF(QUERY (temp <* segments |
temp.transition = discontinuous)) = 0));
ND_ENTITY;

n_

se
lag

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

se
din

segments: The number of component curves.

jments: The cormponent 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

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

bute for the
the first; this

nly.

bd attribute

N“"The dimensionality of the coordinate space for the composite curve. This is an inherit

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

the last segment.

NOTE See Figure 11 for further information on attributes.
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rmal propositions

WRZ1: No transition code shall be discontinuous, except for the last code of an open curve.

Informal propositions

co

EX

7.42 composite _curve_segment

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

Composite_curve_segmerns a bounded curve together with transition information which ig
nstruct a&composite_curve

PRESS specification

n m

N

m

(*

Atlribute definitions

NTITY composite_curve_segment

UBTYPE OF (founded_item);

transition . transition_code;

same_sense . BOOLEAN,;

parent_curve : curve;

IVERSE

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

WR1 : (GEOMETRY_SCHEMA.BOUNDED_CURVE' IN TYPEOF(parent_curve));
ND_ENTITY;

transition: Ahe state of transition (i.e., geometric continuity from the last point of this segm

firs

t pointef'the next segment) in a composite curve.

ent curves.

used to

ent to the

5es, that of

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

first point

NOTE Sincecomposite_curve_segmernis not a subtype ofjfeometric_representation_itemthe instance of
bounded_curveused agarent_curve is not automatically associated with theometric_representation_con-
text of the representation using acomposite_curvecontaining thiscomposite_curve_segmentlt is therefore
necessary to ensure that theunded_curveinstance is explicitly included in gepresentationwith the appropri-
ategeometric_representation_context

(©1SO 2008 — All rightsreserved
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using_curves: The set oftomposite_curve which use thi€omposite_curve_segmerds a segment.
This set shall not be empty.

Formal propositions

WR1: Theparent_curve shall be ébounded_curve

4.4.43 reparametrised_composite_curve_segment

Thiereparametrised_composite_curve_segmerg a special type of
composite_curve_segmentvhich provides the capability to re-define its parametric length| without
chpanging its geometry.
Let! = param_length.

Iflto <t <ty is the parameter range pérent_curve, the new parameterfor thereparametrisgd_-
composite_curve_segmens given by the equation:

t —1p
T = [,
t1 — to
if game_sense TRUE;
or py the equation:
] ¢
= l,
b= to

if §ame_sense FALSE.

EXPRESS specification

m

NTITY reparametrised._coemposite_curve_segment
SUBTYPE OF (composite curve_segment);
param_length :-parameter_value;

WHERE

WR1: param~=length > 0.0;

ND_ENTIRY,

m

(*

Attribute definitions

param_length: The new parametric length of the segment. The segment is given a simple linear
reparametrisation from 0.0 at the first pointgaram_length at the last point. The parametrisation
of the composite curve constructed using this segment is defined in tepasaoh_length.
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rmal propositions

WR1: Theparam_lengthshall be greater than zero.

4.4.44 pcurve

A pounse-is—a-3D curse-defined h\J/ means-ofa-2D cun/e-in-the paramntnr space of a—suface. If the
cufve is parametrised by the functi¢n, v) = f(¢), and the surface is parametrised by thesfunction
(z|y, z) = g(u, v), thepcurve is parametrised by the functidn, y, z) = g(f(¢)).
A pcurve definition contains a reference to basis_surfaceand an indirect refereneé to a 20 curve
thriough adefinitional_representation entity. The 2D curve, being in parameterasp, is not if the
coptext of the basis surface. Thus a direct reference is not possible. Farthe 2D curve the variables
involved arex andw, which occur in the parametric representation oflthegis_surfaceather tharj, y
Cartesian coordinates. The curve is only defined within the parametric range of the surface.
EXPRESS specification
ENTITY pcurve
SUBTYPE OF (curve);
basis_surface . surface;
reference_to_curve : definitional_representation;
WHERE
WR1: SIZEOF(reference_to_curve\representation.items) = 1;
WR2: 'GEOMETRY_SCHEMA.CURVE' IN TYPEOF
(referenceto_curve\representation.items[1]);
WR3: reference_to_curvelrepresentation.items[1]\
geometric_representation_item.dim =2;
END_ENTITY;
(*
Attribute definitions
bakis_surface: The surface in whose parameter space the curve is defined.

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

Fo

rmal propositions

WR1: The set of items in thdefinitional_representationentity corresponding to theference to_-
curve shall have exactly one element.

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

(©I1SO 2008 — All rightsreserved
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WR3: The dimensionality of this parameter space curve shall be 2.

4.4.45 bounded_pcurve

A bounded_pcurveis special type opcurve which also has the properties obaunded_curve

EX

PRESS specification

m

(*

Fo

NTITY bounded_pcurve

SUBTYPE OF (pcurve, bounded_curve);

WHERE

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

END_ENTITY;

rmal propositions

w
the

4.

A
din
ric
thi
su
eal

pafametrised to have'the same senseuage_3d The surface curve takes its parametrisation

fro

NG

R1: The referenced curve of tipeurve supertype shall be of tydeounded_curve This ensure
bbounded_pcurveis of finite arc length.

.46 surface_curve

surface_curveis a curve on a surface. The curve is represented as a couvee( 3d) in th
nensional space and possibly as-a curve, corresponding to a pcurve, in the two-dimensig
space of a surface. Theilty.of this curve to reference a list of 1 orf&urve_or_surfaces eng
5 entity to define either a\curve on a single aod, or an intersection curve which has two
[face associations. A-'seam’ on a closed surface can also be represented by this entity
chassociated_geometrwill be a pcurve lying on the same surface. Eachirve, if it exists, shg

m eithercurve ~\3dor pcurve as indicated by the attribute master representation.

5 that

ree-
nal paramet-
ibles

distinct

- in this case
Il be

directly

TE , ‘Bécause of the ANDOR relationship with theunded_surface_curvesubtype an instance of fur-
fadecurvemay be any one of the following:

76

asurface_curve

abounded_surface_curve

anintersection_curve

anintersection_curveAND bounded_surface_curve

aseam_curve
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— aseam_curveAND bounded_surface_curve

EXPRESS specification

*)

ENTITY surface curve

SUPERTYPE OF (ONEOF(intersection_curve, seam_curve) ANDOR

bounded_surface_curve)
SUBTYPE OF (curve);

curve_3d . curve;

associated_geometry  : LIST[1:2] OF pcurve_or_surface;

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’' INGTYPEOF(curve_3d));

ND_ENTITY;

m

(*

Atlribute definitions

cufve_3d: The curve which is.the three-dimensional representation ofuhface_curve

aspociated_geometryA list of one or two pcurves or surfaces which define the surface ol surfaces

aspociated with the surface curve. Two elements in this list indicate that the curve has

two surface

aspociations which need not be two distinct surfaces. When a pcurve is selected, it identifles a surface

and also associates-a basis curve in the parameter space of this surface.

master_representation: Indication of representation “preferred”. Theaster_representationdefijnes

the curve used to determine the unique parametrisation clutiace curve

preference for the 3D curve, or the first or second pcurve, in the associated geometry list,

data is expected to be geometrically identical.

e master_representationtakes one of the valuesirve_3d, pcurve_slor pcurve_s2to indicgte a

espectively.
though the

NOTE Themaster_representationattribute 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 an entity
having multiple representations, are derived from the master representation. Any use of the other representations

is a compromise for practical considerations.
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basis_surface: The surface, or surfaces on which swface curvelies. This is determined from the
associated_geometriist.

Formal propositions

WR1: curve_3dshall be defined in three-dimensional space.

WIR2: pcurve_slshall only be nominated as the master representation if the first element‘afthe associ-
ated geometry listis a pcurve.

WRS3: pcurve_s2shall only be nominated as the master representation if the second element of the
aspociated geometry list is a pcurve. This also requiregpthate_s2shall not be nominated when the
aspociated geometry list contains a single element.

WIR4: curve_3dshall not be gcurve.

Informal propositions

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

se

IP2: curve_3dand any associated pcurves shall agreé with respect to their senses.

4.4.47 intersection_curve

An
a
a

0w n

EX

Sociated geometry list.

. (i.e., They shall coincide geometrically but may differin parametrisation.)

intersection_curveis a curve which-tesults from the intersection of two surfaces. It is represented
a special subtype of tkarface_curreentity having two distinct surface associations defined via the

PRESS specification

m

NTITY interseetion_curve

SUBTYREVOF (surface_curve);

HERE

WRI~SIZEOF(SELF\surface_curve.associated _geometry) = 2;

WR2: associated_surface(SELF\surface_curve.associated_geometry[1]) <>

associated cllrfnnn(QI:I Elsurface curve assaociated gnnmnfr\]/[’)]);

END_ENTITY;

(*

Formal propositions

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

78
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WR2: The two associated geometry elements shall be related to distinct surfaces. These are the surfaces
which define the intersection curve.

4.4.48 seam_curve

A seam_curveis a curve on a closed parametric surface which has two distinct representations as con-

meter

space.

EXPRESS specification

m

NTITY 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]);

WR4: 'GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF(SELF\surface_curve.associated_geometry[2]);

ND_ENTITY;

> M

Formal propositions

R1: The seam curve shall have precisely @gsociated_geometrs.
R2: The twoagsociated _geometiyshall be related to the same surface.

R3: The firstassociated_geometrghall be gpcurve.

= £ = =

R4: The'secondssociated_geometrghall be gpcurve.

4 AQ haoatmdaod crirfacra Acrirgn
e e K4 MNUUIIUCU ouiliave uvuUl ve

A bounded_surface_curves a specialised type cfurface_curvewhich also has the properties of a
bounded_curve
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EXPRESS specification

)
E

NTITY bounded_surface_curve
SUBTYPE OF (surface_curve, bounded_curve);

WHERE

WR1: (GEOMETRY_SCHEMA.BOUNDED_CURVE' IN

m

(*

Fo

TYPEOF(SECFSUrface_curve.curve_3a));
ND_ENTITY;

rmal propositions

NG

segmentsince it is a bounded curve subtype.

Th
co
se

wh

#.50 composite _curve_on_surface

R1: Thecurve_3dattribute of thesurface_curvesupertype shall beldounded_curve

fomposite_curve_on_surfacis a collection of segmentsiwhich are curves on a surface. Eac
All lie on the basis surface, and shall reference one of:

abounded_surface_curveor
abounded_pcurveor

acomposite_curve_on_surface

TE A composite_curve_on_surfacean be included as thgarent_curve attribute of acomposite_cuf

ere shall be at least_positional continuity between adjacent segments. The parametrig
mposite curve is-Obtained from the accumulation of the parametric ranges of the segmer
jment is parametrised from 0/{g and, fori > 2, thei!” segment is parametrised from

i—1 7
Z I to Zlk’
k=1 k=1

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

h segment

bation of the
ts. The first

I values) of

thek™ curve segment.

EXPRESS specification

)
E

80

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

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

WHERE

WR1: SIZEOF(basis_surface) > 0;
WR?2: constraints composite curve on surface(SELF);

m

(*

ND_ENTITY;

Atlribute definitions

ba
SH
SE

5is_surface: The surface on which the composite curve is defined.
LF\composite_curve.n_segmentsThe number of component curves.

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

transition for the last segment defines the transition between.the end of the last segment arn

the
Fo
aco

SH
SH
SH

Fo

b first; this element may take the valdiscontinuous which indicates an open curve. (See
I each segment thmarent_curve shall be either dounded_pcurve abounded_surface_curv
omposite_curve_on_surface

LF\composite_curve.self_intersectindicatiofiiof whether the curve intersects itself or not
LF\composite_curve.dim: The dimensionality of the coordinate space for the composite (

LF\composite_curve.closed_curvelidication of whether the curve is closed or not.

rmal propositions

W
cu

Infl

R1: Thebasis_surfageSET shall contain at least one surface. This ensures that all segment
'ves on the same surface.

prmal.propositions

hses. The

d the start of
4.3.8.)

e or

urve.

s reference

R2: Each segment shall referencpa@urve, or asurface_curve or acomposite_curve_on_surface

IPL:

Eachparent curve referenced hy ompasite curve on surfaceegment shall be a cul

surface and a bounded curve.

4,451 offset_curve 2d

've on

An offset_curve_2dis a curve at a constant distance from a basis curve in two-dimensional space. This
entity defines a simple plane-offset curve by offsettinglistancealong the normal tdasis_curvein
the plane obasis_curve

(©I1SO 2008 — All rightsreserved
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The underlying curve shall have a well-defined tangent direction at every point. In the case of a compos-
ite curve, the transition code betweeach segment shall lment_same_gradienbr cont_same_gradi-
ent_same_curvature

NOTE Theoffset _curve_2dmay differ in nature from thdasis_curve the offset of a non self-intersecting
curve can be self-intersecting. Care should be taken to ensure that the offset to a continuous curve does not
become discontinuous.

Th
as

wh
un

EX

eoffset_curve_2dakes its parametrisation from thasis_curve Theoffset_curve_2ds param

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

eret is the unit tangent vector to the basis cufi:) at parameter value, anddis distance
derlying curve shall be two-dimensional.

PRESS specification

m

m

(*

Atlribute definitions

NTITY offset_curve_2d

SUBTYPE OF (curve);
basis_curve . curve;

distance . length_measure;
self_intersect : LOGICAL;

HERE

WR1: basis_curve.dim = 2;
ND_ENTITY;

ba
gi
ze
se

g

J

is |n the direction obrthogonal_complemen(T).)

se

5is_curve: The curvethat is being offset.

0. A positivelvalue oflistancedefines an offset in the direction which is normal to the cur
nse of ar anti-clockwise rotation through 90 degrees from the tangent Vetttire given point.

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

btrised

The

tance: The distance of the offset curve from the basis cudistancemay be positive, negative or

e in the
This

only.

Fo

rmal propositions

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

82
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4.4.52 offset_curve 3d

An offset_curve_3dis a curve at a constant distance from a basis curve in three-dimensional space.

The underlying curve shall have a well-defined tangent direction at every point. In the case of a composite
curve the transition code betweeach segment shall lsent_same_gradienbr cont_same_gradient_-
same_curvature

Th
fix
de

Nd
cu
be

Th
as

wh

EX

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

TE Theoffset_curve_3dmay differ in nature from théasis_curve the offset ofxa-non-self-inters
ve can be self-intersecting. Care should be taken to ensure that the offset\to a continuous ¢
come discontinuous.

eoffset_curve_3dakes its parametrisation from thasis_curve Theoffset _curve 3ds param

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

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

PRESS specification

m

m

(*

NTITY offset_curve_3d

SUBTYPE OF (curve);

basis_curve . curve;

distance . length_measure;

self_intersect : LOGICAL;

ref_direction : direction;

HERE

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

Attlribute definitions

the
b well

ecting
irve does not

btrised

basis_curve: Thecurve that is being offset.

distance: The distance of the offset curve from the basis curve. The distance may be positive, negative
or zero.

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

ref_direction: Thedirection used to define the direction of tlfset_curve_3dfrom thebasis_curve

oI
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Fo

rmal propositions

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

Informal propositions

IP1: At no point on the curve shalef_direction be parallel, or opposite to, the direction of the
vegtor.
4.4.53 curve_replica
A turve_replicais a replica of a curve in a different location. It is defined-ky referencing tk
cufve and a transformation. The geometric form of the curve produced Will be the same a
cufve, but, where the transformation includes scaling, the dimensions will differ. The curve re
its|parametric range and parametrisation directly from the parent curve. Where the paren
cufve on surface, the replica will not in general share the property.of lying on the surface.
EXPRESS specification
ENTITY curve_replica
SUBTYPE OF (curve);
parent_curve  : curve;
transformation : cartesian_transforniation_operator;
WHERE
WR1: transformation.dim = parent_curve.dim;
WR2: acyclic_curve_replica (SELF, parent_curve);
END_ENTITY;
(*
Atlribute definitions
payent_curve: The curve that is being copied.

tr

Fo

rmal propositions

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

tangent

e parent

5 the parent
plica takes
t curve is a

ve replica.

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

WR2: A curve_replicashall not participate in its own definition.

84
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4.4.54 surface

See 3.2.45 for definition. Aurface can be envisioned as a set of connected points in 3-dimensional
space which is always locally 2-dimensional, but need not be a manifold. A surface shall not be a single
point or in part, or entirely, a curve.

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

wHereu andv are independent dimensionless parameters. The unit ndiraabny peinton the surface,
is given by the equation
do Jo

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

EXPRESS specification

m

NTITY surface

SUPERTYPE OF (ONEOF(elementary_surface, swept surface, bounded_surface,
offset_surface, surfacelreplica))

SUBTYPE OF (geometric_representation_item);

ND_ENTITY;

m

(*

Informal propositions

IP1: A surfacehas non-zéro area.

IP2: A surfaceis arcwise connected.

4.4.55 elementary_surface

An eleméntary surface is a simple analytic surface with defined parametric representation.

EXPRESS specification

*
)
ENTITY elementary_surface
SUPERTYPE OF (ONEOF(plane, cylindrical_surface, conical_surface,
spherical_surface, toroidal_surface))
SUBTYPE OF (surface);
position : axis2_placement_3d;
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END_ENTITY;
(*
Attribute definitions
, the
ametrisation of the surface.
4.4.56 plane
A planeis an unbounded surface with a constant normagplake is defined by a‘point on the plape and
the normal direction to the plane. The data is to be interpreted as follows:
C = position.location
x = position.p[1]
y = position.p[2]
z = position.p[3] (hormaldtoplane)
angd the surface is parametrised as
o(u,v) = C +uXx+ vy
where the parametrisation range-iso < u,v < oo In the above parametrisation, the length [unit for
the unit vectors andy is derived from the context of the plane.
EXPRESS specification
ENTITY plane
SUBTYPE OF (elementary surface);
END_ENTITY;
(*
Atlribute-definitions
SEHFelementary—surface-position-TFhelocation-and-orientation-of-the-surface—Fhis-attribdte is in-

herited from theelementary_surfacesupertype.
position.location: A pointin the plane.

position.p[3]: This direction, which is equal tposition.axis defines the normal to the plane.
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A cylindrical_surfaceis a surface at a constant distance (d@ius)from a straightline. Aylindrical_-
surfaceis defined by its radius and its orientation and location. The data is to be interpreted as follows:

C = position.location

= position.p[1]

= Inn:irinn p[?]

= position.p[3]
= radius

TN K X
I

angd the surface is parametrised as

wHhere the parametrisation rangeisl « < 360 degrees and-oo < v < oo. In'the above paramg
tiop, 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 &gy

whHere
S($,y,2’) = $2 —I_ y2 - R2

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

(Se, Sy, S.)e

Thie unit normal is given by

Thie sense of this normal is away from the@xis of the cylinder.

EXPRESS specification

m

NTITY

lindrical_surface

SUBTYPE OFE-(elementary_surface);
radius : positive length_measure;
ND_ENTITY;

(9]

m

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

N(u,v) = (¢osu)x + (sin u)y.

btrisa-

afion

Attribute definitions

SELF\elementary_surface.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.

(©1SO 2008 — All rightsreserved
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4.4.58 conical_surface

A conical_surfaces a surface which could be produced by revolving a line in 3-dimensional space about
any intersecting line. &Aonical_surfaceis defined by the semi-angle, the location and orientation and by
the radius of the cone in the plane passing through the location@aintmal to the cone axis.

NOTE 1 ThIS form of representatlon is deS|gned to prowde the greatest geometrlc preC|S|on for those parts of the

an

wh
tio

In
wh

Thie positive direction of the nermal to the surface at any point on the surface is given by

Th

e region of the surface close to the apex is of mterest

e data is to be interpreted as follows:
C = position.location
x = position.p[1]
y = position.p[2]
z = position.p[3]
R = radius
o = semi_angle

d the surface is parametrised as
o(u,v) =C+ (R4 vtana)((cos ®)x + (sinu)y) + vz

ere the parametrisation rangeisl « < 360 degrees and-oo < v < oo. In the above paramg
h the length unit for the unit vecteris equal-to'that of theadius.

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

S(x,y.2) = 2> +y* — (R+ ztan a)?

(Se, Sy, S2).
e unit normal is given by

(cosu)x + (sinu)y — (tan o)z

N{u, v) = 1+ (tan a)?

, 1f R+vtana > 0.0

N(u,v) = —LCO8WX+ Einwy = (tana)z =0 p L < 0.0,

ptrisa-

ation

1+ (tana)?

NOTE 2 The normal to the surface is undefined at the point wRetev tan o« = 0.0.

The sense of the normal is away from the axis of the cone. If the radius is zero, the cone apex is at the
point(0, 0, 0) in the placement coordinate system (i.eSBLF\elementary_surface.position.locatiop

88
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radius
; axis
p[3]

semi—angle

ref__direction

Figure 12 — Canical_surface

EXPRESS specification

m

NTITY

bnical_surface

SUBTYPE OF (elementary_surface);
radius . length) measure;
semi_angle : plane_angle_measure;
WHERE

WR1: radius* >= 0.0;
ND_ENTILY;

[w]

m

(*

Attribute definitions

SELF\elementary_surface.position: The location and orientation of the surface.
position.location: The location point on the axis of the cone.

position.p[3]: The direction of the axis of the cone.
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radius: The radius of the circular curve of intersection between the cone and a plane perpendicularto the
axis of the cone passing through the location point (6&L.F\elementary surface.position.locatioh

semi_angle: The cone semi-angle.

NOTE 3 See Figure 12 for illustration of the attributes.

Formal propositions

WR1: The radius shall not be negative.

Informal propositions

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

4.4.59 spherical_surface

A spherical surface is a surface which is at a constant.distancegdles) from a central poirft. A
spherical_surfaceis defined by the radius and the location and orientation of the surface.

Thie data is to be interpreted as follows:

C = position.location (centre)
x = pasition.p[1]
y _=C,position.p[2]
z( = position.p[3]
R. = radius

anfd the surface is parametrised as
afijv) = C+ 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 &gdation
where

S(z,y,2) =" +y* +2* - k%

The positive direction of the normal to the surface at any point on the surface is given by
(84, 8y, S2).
The unit normal is given by
N(u,v) = cosv((cosu)x + (sinu)y) + (sinv)z,

that is, it is directed away from the centre of the sphere.
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EXPRESS specification

*
)
ENTITY spherical_surface
SUBTYPE OF (elementary_surface);
radius . positive_length_measure;
END_ENTITY;

1SO 1030342:2003(E)

(

Atlribute definitions

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

pogition.location: The centre of the sphere.

radlius: The radius of the sphere.

4.4.60 toroidal_surface

A toroidal_surfaceis a surface which could be produced by revolving a circle about a line injits plane.
Thie radius of the circle being revolved is referred to here amiher_radius and themajor_radiug 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 ofiehtation of thesserf

Thie data is to be interpreted as follows:

C =

5 TN <Y K
|

anfd the surfacéds parametrised as

position.location
position.p[1]
position.p[2]
position.p[3]
major_radius
minor_radius

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

wHefe the parametrisation rangdis «, v < 360 degrees.

In the placement coordinate system defined above, the surface is represented by the gaation

where

S(ovpre) =4y = 2R g R

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

(Se, Sy, S2).

(©1SO 2008 — All rightsreserved
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The unit normal is given by

N(u,v) = cosv((cosu)x + (sinu)y) + (sinv)z.

The sense of this normal is away from the nearest point on the circle of r&livgh centreC. A
manifold surface will be produced if the major radius is greater than the minor radius. If this condition
is not fulfilled, the resulting surface will be self-intersecting.

EXPRESS specification

m

m

(*

NTITY toroidal_surface

SUBTYPE OF (elementary_surface);
major_radius : positive_length_measure;
minor_radius : positive_length_measure;
ND_ENTITY;

Atlribute definitions

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

PO

sition.location: The central point of the torus:

major_radius: The major radius of the torus.

mi

4
A
gre
ma4

the

Th

an

92

hor_radius: The minor radius of-thetorus.

A.61 degenerate toroidal_surface

legenerate_toroidal (surfaceas a special type of #oroidal_surface in which theminor_radiu
pater than thenajor.radius. In this subtype the parametric range is restricted in order tg
\nifold surfacedavhich is either the inner 'lemon-shaped’ surface, or the outer "apple-shapeq
» self-interseeting surface defined by the supertype.

e data’isto be interpreted as follows:

C = position.location

5 is
define a
I’ portion of

= position.p[1]
= position.p[2]
= position.p[3]
= major_radius
= minor_radius

5 TN <Y K
|

d the surface is parametrised as

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

©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

where the parametrisation range is :

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

If select_outer= .FALSE. :
0 < u < 360 degrees.

¢ < v <360 — ¢ degrees.

Wihere¢ degrees is the angle given byos ¢ = —R.

NOTE 1 Whenselect_outer = .FALSE the surface normal points out of the enclosed:volume and is defined by
thg equation

N(u,v) = cosv((cos u)x + (sinu)y) + (sin v)z.

The sense of this normal is away from the furthest point on the circle of radils R in the plane normalfto z centred
at €. The sense of this normal is opposite to the directio%o& %—‘j .

NQTE 2 See Figure 13 for illustration of the attributes.

Z (axis)

_—

‘lemon’
’app'e'/\/ ~_ -

Figure 13 — Cross section of degenerate_toroidal _surface
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EXPRESS specification

*)

E

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

WHERE
VRL. Major_radius < minor_radius,
END_ENTITY;
(*
Attribute definitions
select_outer: A BOOLEAN flag used to distinguish between the twaoportions of degeners

ton
sh
a(

Fo

pidal_surface. If select_outelis true, the outer portion of the surface’is selected and a clos
hped’ axi-symmetric surface is definedséfect_outeris false, the'inner portion is selected tq
losed 'lemon-shaped’ axi-symmetric surface.

rmal propositions

W

4.

A
va
is

orthogonal planes of symmetry, and in both of them its cross-section is a pair of circles.

NQ
of

NQ
[7]

R1: The major radius shall be less than the minor radius.

.62 dupin_cyclide surface

Hupin_cyclide_surfaceis a generalisation of roidal_surface in which the radius of the geng
fies as itis swept around the directrix, passing through a maximum and a minimum value. 1
n general an ellipse, though'that fact is not germane to the definition given here. The surl

TE 1 These circles-are illustrated in Figure 14, where the upper cross-section contains the gen
maximum and minimum radius, and the lower cross-section is in the plane of the directrix.

TE 2 <Further details of the properties and applications of this useful but unfamiliar surface may
[8]¢and the further references they contain.

te_-
ed ‘apple-
define

bratrix
'he directrix
ace has two

Bratrix circles

be found in

As with thetoroidal_surface, self-intersecting forms occur. The Dupin cyclides are special cases of
a more general class of surfaces knowrgaseralized cyclideor sometimes simplgyclideg. The
present specification does not cover the wider class.

Th

94

e interpretation of the data is as follows:
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exfreme point on the positive x-axis. The parameteru runs anticlockwise around both circles in the lo

an
up

In
tat

Thie positive direction ef the normal vector at any point on the surface is given by

1SO 1030342:2003(E)

= position.location

= position.p[1]

= position.p[2]

= position.p[3]

= generalised_major_radius

=3 aaonaralicad minor radinc
TTCT cCO T toT—1

+ N x O
|

9T TOTS OO S

= skewness

o
|

d the surface is parametrised as

1 r(s+ Rcosucosv) 4+ (R s%) cosu
o(u,v)= 1|y :C—I—R VR? — s?sinu(R +Kcosv) ,
z Tscosucosy VR? — s?sinv(r,~scosu)

ere the domain of parametrisatiofts< u, v < 360°, and\/ denotes the positive square root.

TE 3 The three parametersk ands determine the centres-and radii of the circles in the planes of
shown in Figure 14. Conversely, knowledge of the geometry of these circles allows the defining cyd
5 to be determined. In the upper and lower diagrams tespectively of Figure 14 the circles have par
= 0° (right), «u = 180° (left), v = 0° (inner) andv =380° (outer). The point with parameter values (0,

| the parameter v runs clockwise round thedeft-hand circle and anticlockwise round the right-hang
ber diagram.

the placement coordinate system/defined above the Dupin cyclide surface has the algeb
onS = 0, where

S= (2 £ 92N 22+ R* —r? = sH)? —4(Rx — rs)? — 4(R? — s%)y*.

(81’7 Sy? SZ)‘

barametrie terms, the unit surface normal vector is

ymmetry,

lide parame-
ameter values
D) is the

ver diagram,
circle in the

aic represen-

( Rcosucosv+ s
2

AE

Th

s N 1 5 .
leLL7U)— VIivT— 5 blllLL(,UbU}.

R+ scosucosv .
+ VvR? — s%sinwv
is enables the parametric surface representation to be rewritten as

o(u,v) =og(u,v)+ rN(u,v),

which shows that any Dupin cyclide with given valuesfibinds is a parallel offset from a base Dupin
cyclideo(u, v) with the same values at, s but withr = 0. Further, the offset distance is precisely

©]
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u = 180° A:
r+s
u=0
Ir-9
T 1 #
R R X
Y
R+
+s
| >
X
R-r

Figure 14 — Cross-sections @f a Dupin cyclide witlC = 0

Thiis generalizes an important property-of the torus.
Thie Dupin cyclide is a manifold surface under the conditions s < r» < R. This form is known as

ar|ng cyclide Self-intersecting forms arise when the circles in either plane of symmetry intefsect. The
copditionsd < r < s < R givesahorned cyclideand the condition8 < s < R < r aspindle cyglide

Thie sense of the surface normal given above is outwards from both circles in the upper vigw and from
the annular region in thelower cross-sectional view in Figure 14. For the ring cyclide this means that it
is putwards-pointing.ever the entire surface. For the horned cyclide the normal is inward-pqinting over
the smaller portion 0f the surface lying between the two self-intersection points. For the spirjdle cyclide
the ‘spindle’ corresponds to the ‘lemon’ solid arising in the case of a self-intersecting torus. Fpr this case
of the Dupin.gyclide the normal is outward-pointing over both the ‘apple’ and 'lemon’ solids| enclosed
by|the surface.

NQTE4" The three forms of the Dupin cyclide are shown in Figures 15, 16 and 17. In Figure 17| part of the
ex{eriorsurface 1S Termoved to Teveal the nmner surface.

NOTE S5 For ISO 10303 purposes, the valuesibéind r are of typepositive_length_measureand s is non-
negative. The surface defined by the foregoing equations when one or m@re ahds is negative corresponds
to a reparametrisation of a Dupin cyclide for which these constants are all non-negative.

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

NG

also exists a cubic Dupin cyclide of infinite extent, not currently defined in this part of ISO 10303.

EX

NSRS

Figure 15 — A Dupin ring cyelide

TE 7 Dupin cyclides can be used to construct smoothjoins between cylindrical and/or conical su

faces whose

ssibly skew) axes have arbitrary relative orientationS:~Additionally, smooth T-junctions between cones and

nders can be designed using Dupin cyclides.

TE 8 Dupin cyclides also have uses as blending surfaces in solid modeling, generalising the us
this purpose.

TE 9 The Dupin cyclide as defineéd here is a quartic (degree four) algebraic surface of bounded

PRESS specification

)
EN

TITY dupin_eyclide_surface

SUBTYPEYOF (elementary_surface);
generalised_major_radius : positive_length_measure;
generalised_minor_radius : positive_length_measure;
skewness . length_measure;

e of the torus

pxtent. There

WHE

1ERE

WR1: skewness >= 0.0;

EN
(*

D_ENTITY;

(©1SO 2008 — All rightsreserved

97


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

Figure 16 — A Dupin horned ¢yclide

Atlribute definitions

SHLF\elementary_surface.position: Defines a local system of coordinates in which two of tihe 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-section
in the plane of the directrix.

geperalised_minor_radius: The mean of the radii of the largest and smallest generatrix circles.

skewness:Half the difference between the radii of the two cross-sectional circles in eithef plane of
symmetry. When thekewnesattribute is zero the surface is a torus; otherwise, its value detefimines the
depree of asymmetry of the surface about the third plane perpendicular to its two planes of symmetry.

Formal propaositions

WR1: The'skewness shall not be negative.

4 a2 owwant o
S UJD OVVCIJL U

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

EXPRESS specification

*)
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Figure 17 — A Dupin spindle ¢yclide

NTITY swept_surface

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

SUBTYPE OF (surface);

swept_curve : curve;

ND_ENTITY;

Atlribute definitions

SW
im

ept_curve: The cufve to be swept in defining the surface. If the swept curve is a pcurv
nge of this curve-in 3D geometric space which is swept, not the parameter space curve.

#.64 surface_of linear_extrusion

V = extrusion_axis
o(u,v) = Au)+oV

B, it is the

ve in a given

The parametrisation range foris —oo < v < oo and foru is defined by the curve parametrisation.

(©1SO 2008 — All rightsreserved
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EXPRESS specification

*

)

ENTITY surface_of linear_extrusion
SUBTYPE OF (swept_surface);
extrusion_axis . vector;

END_ENTITY;

(

Atlribute definitions

exfrusion_axis: The direction of extrusion, the magnitude of this vector detérmines the paranetrisation.

SHLF\swept_surface.swept_curveThe curve to be swept.

Informal propositions

IP1: The surface shall not self-intersect.

4.4.65 surface_of revolution

A surface_of_revolutionis the surface obtained by rotating a curve one complete revolutior] about an
ax|s.

Thie data shall be interpreted as below.

The parametrisation is as follewss, where the curve has a parametriddtion

C = position:location
V = position:z
o(u,v) = CH(A(v) —C)cosu+ (A(v) —C)-V)V(1l—cosu)+V x (A(v) — C)sin

In prder to preddce a single-valued surface with a complete revolution, the curve shall be sug¢h that when
expressedinsa cylindrical coordinate systemp, =) centred aC with axisV, no two distinct parametric
pojnts onthe curve shall have the same valuesifor).

NQTEZ __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 georaegricsfined by the surface
equation, is one-to-one.

For a surface of revolution the parametric range is « < 360 degrees.

The parameter range foris defined by the referenced curve.

NOTE 2 The geometric shape of the surface is not dependent upon the curve parametrisation.
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EXPRESS specification

)
ENTITY surface_of _revolution
SUBTYPE OF (swept_surface);

axis_position . axisl_placement;
DERIVE
axis_fine ~fine = representaton_item( )i

geometric_representation_item()|| curve()||
line(axis_position.location, representation_item(")||
geometric_representation_item()||
vector(axis_position.z, 1.0));

m

ND_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 line coinciding 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.

4.4.66 surface_‘curve _swept_surface

A purface_curve_swept_surfacés a type ofswept_surfacewhich is the result of sweeping a| curve

algng adirectrix.-curve lying on theeference_surface The orientation of thewept_curveduring the
sweeping operation is related to the normal toréference_surface
Thieswept.Scurveis required to be a curve lying in the plane= 0 and this is swept along thdirectrix
in puchsa.way that the origin of the local coordinate system used to defirsn@_curveis on the
dirpetrix "and the local X axis is in the direction of the normal to therence_surface The res
suHacerastreproperty-thatthecro ection-ofthe-surface-by-the-normal planditedire—atany
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:

local_origin as point(0, 0, 0),

axislas the normaN to thereference_surfaceat the point of thalirectrix with parametet:.
axis3as the direction of the tangent vectat the point of thalirectrix with parametet:.
The remaining attributes are defaulted to define a corresponding transformationTiatrix

(©I1SO 2008 — All rightsreserved 101
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NOTE 1

directrix and the normaN is a constant.

In the special case where tHeectrix is a planar curve theeference_surfaceis the plane of the

The parametrisation is as follows, where thigectrix has parametrisatiop(u) and theswept_curve
curve has a parametrisationv):

For asurface_curve_swept_surfacéhe parameter range faris defined by thelirectrix. curve.
Thie parameter range foris defined by the referencexsivept_curve

NOTE 2 The geometric shape of the surface is not dependent upon the curve parametrisations.

EXPRESS specification

p(u) = Point on directriz
'T‘(ol) = Tran anfr‘mnfinﬂ matrir at parameter u
o) = plu) + T(AW)

prder to produce a continuous surfacedirectrix curve shall be tangent continuous.

m

m

Atlribute definitions

(*

NTITY surface_curve_swept_surface
SUBTYPE OF (swept_surface);
directrix : curve;
reference_surface : surface;
WHERE
WR1 : (NOT (GEOMETRY_SCHEMA:SURFACE_CURVE’ IN TYPEOF(directrix))) OR
(reference_surface IN (directrix\surface_curve.basis_surface));
ND_ENTITY;

directrix: The curve,used to define the sweeping operation. The surface is generated by s
SHLF\swept_surface.swept_curvalong thedirectrix .

reference_surface: The surface containing thirectrix .

Fopmal propositions

weeping the

WR1: If the directrix is asurface_curvethen thereference_surfaceshall be in thebasis_surfaceset
for this curve.

Informal propositions

IP1: Theswept_curveshabe a curve lying in the plare= 0.

102
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IP1: Thedirectrix shall be a curve lying on theeference_surface

NOTE 3 In the defined parametrisation of the surface the normal teefeeence_surfaceat the current
of thedirectrix is denoted\N.

4.4.67 fixed_reference_swept_surface

A fi

ald

referencedirection.

Th
in

dir
pla
su

tr
log
ax
ax

The remaining attributes are defaulted to define a corresponding transformationHiatyix

Thie parametrisation is as follows, where tligctrix has parametrisatiop(u) and theswept_c

cu

Fo

Th

NG

Tx orientation of thewept_curveas it sweeps along the directrix iS'precisely defined bgréesia

€210 ayrayga - VWD 0 m VDE O WeD 0 a vy, - 5ST] 9 ween

ng adirectrix . The orientation of the curve during_the sweeping operation is controlled dixé

eswept_curveis required to be a curve lying in the plane= 0 and this is sweptalong thdirec
such a way that the origin of the local coordinate system used to defirmwvige” curveis on
pctrix and the local X axis is in the direction of the projectionfieed_refeérenceonto the ng
ne to thedirectrix at this point. The resulting surface has the property that the cross seq
[face by the normal plane to thigectrix at any pointis a copy of thewept_curve

sformation_operator_3d with attributes:
al_origin as point(0, 0, 0),
slasfixed_reference
s3as the direction of the tangent vectat the point'of thalirectrix with parametet:.

've has a parametrisationv):

p(u) = Point on directriz
T(u) = Transformation matriz at parameter u
o (0, 0) A2 () + T(w)A(0)

I afixed_reference ‘swept_surfacéhe parameter range faris defined by thelirectrix curve.
e parameterrange foris defined by the referencexvept_curve

TE 1\ ~The geometric shape of the surface is not dependent upon the curve parametrisations.

point

rix

the

rmal

tion of the

In_-

rve

prder to produce a continuous surfacedirectrix curve the curve shall be tangent continuods.

-l e | Tl ddaeilo, o4 +H 4+ +ocl i = 1.0
| I atuioutc o dic musuatcu nr riguirc 1Lo.

EXPRESS specification

)
E

NTITY fixed_reference_swept_surface
SUBTYPE OF (swept_surface);

(©1SO 2008 — All rightsreserved
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swept _curve

z
y ML a(u,v)
X
directrix
fixed reference
Figure 18 — Fixed reference swept_surface
directrix . curve,
fixed_reference : direction;
END_ENTITY;
(*
Atlribute definitions
directrix® The curve used to define the sweeping operation. The surface is generated by sweeping the
SHLEXswept_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.
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IP2: Thefixed_referenceshall not be parallel to a tangent vector to tlectrix at any point along this
curve.

4.4.68 bounded_surface

A bounded_surfaceis a surface of finite area with identifiable boundaries.

EX

PRESS specification

m

m

(*

Inf]

NTITY bounded_surface

SUPERTYPE OF (ONEOF(b_spline_surface, rectangular_trimmed_surface;
curve_bounded_surface, rectangular_composite. surface))

SUBTYPE OF (surface);

ND_ENTITY;

prmal propositions

IP
IP

by
SO

Nd
tio

NC
ma

NG

#.69 b_spline_surface

|: A bounded_surfacehas a finite non-zero surface area.

P: A bounded_surfacehas boundary curves:

p_spline_surfaceis a generaliform of rational or polynomial parametric surface whichis re
control points, basis funections, and possibly, weights. As with the corresponding curve ¢
e special subtypes where some of the data can be derived.

TE 1 ldentification©of B-spline surface default values and subtypes is important for performanc
ns and for efficiency/issues in performing computations.

TE 2 A B:gpline isrational if and only if the weights are not all identical. If it is polynomial, the
y be defaulted to all being 1.

TE.3* In the case where the B-spline surface is uniform, quasi-uniform or piecewise Bézier, th

kn +

bresented
entity it has

P considera-

eights

e knots and

adaofaultad 6 o o niia-tha data ac o fiad bartha otteibg b o Al fiait
UTouULlC UutTimim

PN TN EPSST PN n aotant i St o naeifl
oot sSTay Dt Ut TautT U U CATSIC T e gt as Speomcu— oy tmcat

Aittons). 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.

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.

Th

e data is to be interpreted as follows:

(©I1SO 2008 — All rightsreserved
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a)

b)

d)

106

The symbology used here is:

K1 = upper_index_on_u_control_points
K2 = upper_index_on_v_control_points
P;; = control_points
Wwi; = Weights

dl = u_degree

d2 = \/_rlpg ree

P007 P017 P027 """ 3 PI(I(I(?—I% PI(II(?

The weights, in the case of the rational subtype, are ordered similarly.

For each parameter,= u orv, if & is the upper index on the controlpoints ahis the degrge for
s, the knot array is an array ¢k + d + 2) real numbergs_g;, ..., sk£1], such that for all inglices
jin[—d, k],s; < s;11. This array is obtained from the appropriateknots or v_knots lis by
repeating each nttiple knotaccording to the nitiplicity.

Nid, theith normalised B-spline basis function of degreés.defined on the subset
[Si—d, .-y Si+1] Of this array.

Let I. denote the number of distinct values amofgst 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 [tita
distinct knot value. Then:

L
> mi=d+k+2
=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-éf+ 1. In evaluating the basis functions, a knoodf, e.g., multipljcity

3 is interpreted as a sequence, «, in the knot array.

Thesurface_fornris-tised to identify specific quadric surface types (which shall have degree two),
ruled surfacesCand surfaces of revolution. As withlthepline_curve thesurface_formis infor-
mational anly,and the spline data takes precedence.

The surface is to be interpreted as follows: In the polynomial case the surface is given ly the equa-
tion;

K1 K2

o(u,v) = Z Z PijNZdl (u)N]dz(v)

1=0 7=0
In the rational case the surface equation is:

S i wi Py N (w) N2 (v)

zlilo 5{220 wl]NZdl (u) N]dz(v)

o(u,v) =

©I1S0O 2008 — All rightsreserved
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NOTE 6 Definitions of the B-spline basis function;"" (v) 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_surface_with_knots, uniform_surface,
qguasi_uniform_surface, bezier_surface)
ANDOR rational_b_spline_surface)
SUBTYPE OF (bounded_surface);
u_degree . INTEGER,;
v_degree . INTEGER,;
control_points_list : LIST [2:?] OF
LIST [2:?] OF cartesian_point;

surface_form . b_spline_surface_form;
u_closed : LOGICAL,;
v_closed . LOGICAL;
self_intersect . LOGICAL;
DERIVE
u_upper : INTEGER := SIZEOF(control_points_list) - 1;
V_upper : INTEGER := SIZEOF(control_points_list[1]) - 1;
control_points . ARRAY [O: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

m

ND_ENTITY;
(*

Atlribute definitions

u_degreexAlgebraic degree of basis functionsin

v_fegree: Algebraic degree of basis functionsin

(GEOMETRY_SCHEMA.B_SPLINE_SURFACE_WITH_KNOTS' IN TYPEOF(SELF));

control_points_list: This s a list of lists of control points.

surface_form: Indicator of special surface types. (See 4.3.4.)

u_closed: Indication of whether the surface is closed in theirection; this is for information only.

v_closed: Indication of whether the surface is closed in thairection; this is for information only.

self_intersect: Flag to indicate whether, or not, surface is self-intersecting; this is for information only.
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u_upper: Upper index on control points im direction.
v_upper: Upper index on control points indirection.

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

Formal propositions

WR1: Any instantiation of this entity shall include one of the subtypes
_ppline_surface_with_knotsuniform_surface, quasi_uniform_surface or
yier_surface

O T
9]

44.70 b_spline_surface_with_knots

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

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

In pvaluating the basis functions, a knoof, e.g., multiplicity3 is interpreted as a sequenegu, 4, in
the knot array.

EXPRESS specification

m

NTITY b_spline_surface_withs knots
SUBTYPE OF (b_spline jSurface);
u_multiplicities : LIST*[2:?] OF INTEGER,;
v_multiplicities 1 ‘*KIST [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);
knet 'v_upper : INTEGER := SIZEOF(v_knots);
WHERE

WR1: 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;
END_ENTITY;
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(*

Attribute definitions

u_multiplicities: The multiplicities of the knots in the parameter direction.

v_multiplicities: The multiplicities of the knots 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 of the knot type.

knpt_u_upper: The number of distinct knots in theparameter direction.

knpt_v_upper: The number of distinct knots in theparameter direction;,
SHLF\b_spline_surface.u_degreeAlgebraic degree of basis functions:in
SHLF\b_spline_surface.v_degreeAlgebraic degree of basis functionsin
SHLF\b_spline_surface.control_points_list: This is a list ©f lists of control points.
SHLF\b_spline_surface.surface_form:Indicator of.special surface types. (See 4.3.4.)

SHLF\b_spline_surface.u_closedindication of Mhether the surface is closed in thdirection;|this
is for information only.

SHLF\b_spline_surface.v_closedindication of whether the surface is closed in thdirection; this is
forlinformation only.

SHLF\b_spline_surface.self_intersectFlag to indicate whether, or not, surface is self-intefsecting;
thig is for information only.

SHLF\b_spline_surface.u..upper: Upper index on control points im direction.
SHLF\b_spline_surfaece.v_upper: Upper index on control points indirection.

SHLF\b_spline_surface.control_points: Array (two-dimensional) of control points defining surface
gepmetry. Thisarray is constructed from the control points list.

Formaklpropositions

WR1: constraints_param_b_splinereturns TRUE when the parameter constraints are verified for the
u direction.

WR2: constraints_param_b_splinereturns TRUE when the parameter constraints are verified for the
v direction.

WR3: The number ofti_multiplicities shall be the same as the numbeuoknots.

WR4: The number of/_multiplicities shall be the same as the numbevoknots.
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4.4.71 uniform_surface

This is a special type di_spline_surfacein which the knots are evenly spaced. Suitable default values
for the knots and knot multiplicities can be derived in this case.

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

EX

PRESS specification

m

m

NG

ku| up is the value required for the upper index on.the knot and knot multiplicity lists i ttieection. TH
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 tiieection. TH
computed from the degree and the number of control points in this direction. The knot multiplicities

thd
de
de
de
de

4.

NTITY uniform_surface

ND_ENTITY;

SUBTYPE OF (b_spline_surface);

TE If explicit knot values for the surface are required, they cdn be derived as follows:
ku_up = SELF\b_spline_sur face.u_upper + SELF\bxspline_sur face.u_degree + 2,

kv_up = SELF\b_spline_sur face.v_upper + SELF\b_spline_sur face.v_degree + 2.

u andv parameter directions are then given by the function calls:
ault_b_spline_knot_mul{SELFR\b_spline_surfaca. degree, ku_up, uniform_knots)
ault_b_spline_knot¢SELF b-sSpline_surfaca. degree, ku_up, uniform_knots)
ault_b_spline_knot_mul{(SELR b_spline_surface. degree, kv_up, uniform_knots)
ault_b_spline_knot¢SELF\b_spline_surface. degree, kv_up, uniform_knots)

A.72 guasi_uniform_surface

T

and lasty have multiplicity 1. Suitable default values for the knots and knot multiplicities are
thig ‘case.

is is a'special type di_spline_surfacein which the knots are evenly spaced, and except fo

is is

isis
nd knots in

the first
derived in

A B-spline isquasi-uniformif and only if the knots are of multiplicitfdegree 4+ 1) at the ends, of
multiplicity 1 elsewhere, and they differ by a positive constant from tlee@ding knot. In this subtype
the knot spacing is 1.0, starting from 0.0.
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EXPRESS specification

*)

ENTITY quasi_uniform_surface

SUBTYPE OF (b_spline_surface);

END_ENTITY;

(*

NG

ku

computed from the degree and the number of control points in this direction:

kv

the

de
de
de
de

Th
kn
mt

EX

computed from the degree and the number of control points in this direction. The knot multiplicities

B.73 bezier_ surface

TE If explicit knot values for the surface are required, they can be derived as follows:
ku_up = SELF\b_spline_sur face.u_upper — SELF\b_spline_sur face.u_degree +,2
kv_up = SELF\b_spline_sur face.v_upper — SELF\b_spline_sur face.v_degree + 2.

up is the value required for the upper index on the knot and knot multiplicity lists i thieection. TH

up is the value required for the upper index on the knot and knot multiplicity lists in tthieection. T

u andv parameter directions are then given by the function calls;

ault_b_spline_knot_mul{SELF\b_spline_surfaca. degree, ku_up, quasi_uniform_knots)

ault_b_spline_knot¢SELR\ b_spline_surface. degree,Ku_up, quasi_uniform_knots)

ault_b_spline_knot_mul{SELF\b_spline_surface.degree, kv_up, quasi_uniform_knots)
ault_b_spline_knot¢SELR\b_spline_surface. degree, kv_up, quasi_uniform_knots)

is is a special type of surface 'which can be represented as a typeplfne_surfacein which
Dts are evenly spaced @nd have higHtiplicities. Suitable default values for the knots an
Itiplicities are derived-in this case. In this subtype the knot spacing is 1.0, starting from 0.

PRESS spécification

m

NTITY bezier_surface

SUBTYPE OF (b spline surface);

E
(*

ND_ENTITY;

NOTE If explicit knot values for the surface are required, they can be derived as follows:

SELF\b_spline_surface.u_upper +1

ku—up = SELF\b_spline_surface u_degree

(©1SO 2008 — All rightsreserved
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SELF\b spline surfacev upper +
SELF\b_spline_surfacev_degree .

kv_up =

ku_up is the value required for the upper index on the knot and knot multiplicity lists i ttieection. 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 tiieection. This is

computed from the degree and the number of control points in this direction. The knot multiplicities and knots in
thew andv parameter directions are then given by the function calls:

de
de
de
de

4

A
po
of
de

ault b spline knot mulf{SELP\b spline surfaca. degree, ku up, bezier knots)

ault_b_spline_knot¢SELR\b_spline_surface. degree, ku_up, bezier_knots)
ault_b_spline_knot_mul{SELR\b_spline_surface. degree, kv_up, bezier_knots)
ault_b_spline_knot¢SELR\b_spline_surface. degree, kv_up, bezier_knots).

A.74 rational_b_spline_surface

fational_b_spline_surfaceis a piecewise parametric rational surface described in terms

fined.

Thie surface is to be interpreted as follows:

NG

EX

SR SR P N (u) N#2 (v)

IS K
22;10 ]X:20 Wiy del (U) N]d2 (U)

o(u,v) =

TE See 4.4.69 for details of the symbology used in the above equation.

PRESS specification

m

NTITY rational™\B_spline_surface
SUBTYPE;OF (b_spline_surface);
weightsidata : LIST [2:?] OF

LIST [2:?] OF REAL;

bf control

nts, associated weight values and basis functions. It is instantiated with any of the other subtypes
b_spline_surface which provide explicit or implicit knot values from which the basis functjons are

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

112

WR1: (SIZEOF(weights_data) =
SIZEOF(SELF\b_spline_surface.control_points_list))
AND (SIZEOF(weights_data[1]) =
SIZEOF(SELF\b_spline_surface.control_points_list[1]));
WR2: surface_weights_positive(SELF);
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END_ENTITY;
(*
Attribute definitions
weights data Theweights associated withrthrecomntrot pomts mthe tationattase:

W§

Formal propositions

ights: Array (two-dimensional) of weight values constructed fromfeéghts_data

WR1: The array dimensions for the weights shall be consistent with the centrol points data.

WIR2: The weight value associated with each control point shall be greater than zero.

4.4.75 rectangular_trimmed_surface

Thie trimmed surface is a simpb®unded_surfacein which-the boundaries are the constant pafametric
linesu; = ul,uy = U2,v; = vl andv, = v2. All these,values shall be within the parametric flange of

the referenced surface. Cyclic properties of the parameter range are assumed.

Nd
de

ra
us

NG
by

EX

TE 1 For example, 370 degrees is equivalent’to 10 degrees, for those surfaces whose parametric form is
ined using circular functions (sine and cosipe).

TPJE rectangular trimmed surface inkerits its parametrisation directly from the basis surfaceland has pa-

eter ranges from 0 f@; — «, | and-0 tovy — vy |. The derivation of the new parameters from|the old
bs the algorithm described int4.4.40.

TE 2 Ifthe surface is closed in a given parametric direction, the valuesafv, may require to be incleased
the cyclic range.

PRESS specification

m

NTITY rectangular_trimmed_surface

SURTVPE OE (haunded curfacal:
oo E—or—PouRaea—Sur e il

basis_surface : surface;

ul . parameter_value;

u2 . parameter_value;

vl . parameter_value;

v2 . parameter_value;

usense . BOOLEAN;

vsense . BOOLEAN,;
WHERE
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WR1: ul <> u2;

WR2: vl <> v2;

WR3: ((GEOMETRY_SCHEMA.ELEMENTARY_SURFACE’' IN TYPEOF(basis_surface))
AND (NOT (GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(basis_surface)))) OR
(GEOMETRY_SCHEMA.SURFACE_OF_REVOLUTION’ 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 = (v2 > vl));

ND_ENTITY;

m

(*

Atlribute definitions

bapis_surface: Surface being trimmed.
ull Firstu parametric value.

u2} Secondu parametric value.

v1} Firstv parametric value.

v2| Secondy parametric value.

usgense: Flag to indicate whether the directiofof the first parameter of the trimmed surface agrees with
or ppposes the sensewin the basis surface,

=

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

WIR1: ul andu?2 shall'have different values.
WIR2: v1 andv2shall have different values.

WR3: Withthe exception of those surfaces closed inithparameter directiorysenseshall be compat-
ible with the ordered parameter values for

WIR4:. With the exception of those surfaces closed intlparameter directiorvsenseshall be compat-

bl aklo tlo | | + ! £
IDIeWHntneoraerea PAraiticic’ vaiutcs Wl

Informal propositions

IP1: The domain of the trimmed surface shall be within the domain of the surface being trimmed.
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4.4.76 curve_bounded_surface

The curve_bounded_surfaces a parametric surface with curved boundaries defined by one or more
boundary_curves ordegenerate_pcurve. One of theboundary_curves may be the outer boundary;

any number of inner boundaries is permissible. The outer boundary may be defined implicitly as the
natural boundary of the surface; this is indicated byithglicit_outer flag being true. In this case at

least one inner boundary shall be defined. For certain types of closed, or partially closed, surface (e.qg.
cylinder) it may not be possible to identify any given boundary as outer. The region ofithe -
bounded_surfacein the basis_surfacds defined to be the portion of the basis surface in.thé direction

of hx t from any point on the boundary, whemés the surface normal aridche boundary curve tgngent
vegtor at this point. The region so defined shall be arcwise connected.

EXPRESS specification

ENTITY curve_bounded_surface
SUBTYPE OF (bounded_surface);
basis_surface . surface;
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_surfacg));
WR3: SIZEOF(QUERY(temp <* hoeundaries |
'"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;

Atlributédefinitions

basis_surface: The surface 1o 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 aduygre 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 19 for interpretation of these attributes.
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boundary_curve

boundagry_curve

basis_surface

Figure 19 — Curve'bounded surface

Formal propositions

WIR1: No explicit outer boundary shall be present wiaplicit_outer is TRUE.
WIR2: 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.

WR4: Eachboundary: _curve shall lie on thebasis_surface This is verified from the
bakis_surfaceattribute of thecomposite_curve_on_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.

IP3: At most one of the boundary curves may enclose any other boundary curveoutem bound-
ary_curve is designated, only that curve may enclose any other boundary curve.
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4.4.77 boundary_curve

A boundary_curveis a type of bounded curve suitable for the definition of a surface boundary.

EXPRESS specification

m

m

NTITY boundary_curve

SUBTYPE OF (composite_curve_on_surface);
HERE

WR1: SELF\composite_curve.closed_curve;
ND_ENTITY;

rmal propositions

4.

This is a special sub-type of boundary curve:which has the additional semantics of defini

bo
cu

EX

R1: The derivectlosed_curveattribute of thecomposite .ctirvesupertype shall be TRUE.

1.78 outer_boundary_curve

undary of a surface. No more than one,such curve shall be included in thelsminofaries
've_bounded_surface

PRESS specification

m

m

4.

NTITY outer_boundary curve
SUBTYPE OEF_{boundary_curve);
ND_ENTITY;

79 rectangular_composite_surface

hg an outer
Df a

This is a surface composed of a rectangular array_af by n_v segments or patches. Each segment
shall be finite and topologically rectangular (i.e., it corresponds to a rectangle in parameter space). The
segment shall be eitherta spline_surfaceor arectangular_trimmed_surface There shall be at least
positional continuity between adjacent segments in both directions; the composite surface may be open

or

Fo

closed in the: direction and open or closed in thalirection.

r a particular segmerst; (= segmentsi][j]):

(©1SO 2008 — All rightsreserved
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— The preceding segment in thedirection isS(;_,); and the preceding segment in thelirection is

Si(j—1); similarly for following segments.

— If segments]i][j].u_senseés TRUE, the boundary of;; where it adjoins5(;1); 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 th&_sensendicator.

composite_surfaceandu;;o < u;; < w51, is theu parameter fosegmentsi][j], thesé para
are related by the equations:
Uij — U0

U=(@G@-1)+———— wy=ujo+ (U~— (i~ 1))(uj;15m;o),

Ui51 — Ui50
if segments]i][j].u_sense TRUE;

L Uiy — U .
U=i——2—2  uy=ujo— (U—i)j — ugjo),
Uiz1 — Uzz0
if segments|i][j].u_sense: FALSE.
Thewv parametrisation is obtained in a similar way:
Thus the composite surface has parametric range0up0 ton_v.

—| The degree of continuity of the joint betwegy and.S;1,); is given by
segmentsli][j].u_transition.

For the last patch in a row,, ) (this may take the valudiscontinuous if the composite surf
open in the: direction; otherwise it is closed here, and the transition code relates to the cq
S1;; similarly for v_transition. discontinuousshall not occur elsewhere in tsegments surfg
patch transition codes.

EXPRESS specification

m

NTITY_ rectangular_composite_surface
SUBTYPE OF (bounded_surface);

—| Thew parametrisation of;; in the composite surface Is from- 1 to 7, mapped linearly fro’}v the

parametrisation of the underlying bounded surfacd/ i thewu parameter for theectangulgr_-

eters

pce is
ntinuity to
ce -

segments . LIST [1:?] OF LIST [1:?] OF surface patch;

DERIVE
n_u : INTEGER
n_v : INTEGER
WHERE
WR1: SIZEOF(QUERY (s <* segments | n_v <> SIZEOF (s))) = O;
WR2: constraints_rectangular_composite_surface(SELF);
END_ENTITY;

(*

SIZEOF(segments);
SIZEOF(segments[1]);
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Attribute definitions

n_u: The number of surface patches in thparameter direction.

n_v: The number of surface patches in thparameter direction.

segments: Rectangular array (represented by a list of list) of component surface patches. Each such
patch contains information on the senses and transitions.

sepgments][i][j].u_transitionrefers to the state of continuity betwesggments|[i][j] andsegmentsfiH1][j}

Thie last columngegments[n_u][j].u_transition) may contain the valudiscontinuous meahing that
(thiat row of) the surface is not closed in thelirection; the rest of the list shall not contain this value.
Thie last row §egments[i][n_v].v_transition) may contain the valudiscontinuous meaning that|(that

co

Formal propositions

umn of) the surface is not closed in théirection; the rest of the list shall not contain this va

WR1: Each sub-listin theegmentdist shall contaim_v surface_paicles.

WIR2: Other constraints on the segments:

Informal propositions

that the component surfaces are all either rectangulartrimmed surfaces or B-spline sur

that thetransition_codes in thesegmentdist do.not contain the value
discontinuousexcept for the last row or colgmn; when this occurs, it indicates that the
not closed in the appropriate direction.

IP1: The senses of the compaenent surfaces are as specifiedingbeseandv_sensettributes of

elg

EX

#.80 surface patch

ment olsegments

burface patch’is a bounded surface with additional transition and sense information whic
fine arectangular_composite_surface

ue.

aces,

surface is

each

h is used to

PRESS specification

)
E
S

NTITY surface_patch

UBTYPE OF (founded_item);
parent_surface : bounded_surface;
u_transition . transition_code;
v_transition  : transition_code;
u_sense . BOOLEAN;

(©1SO 2008 — All rightsreserved
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v_sense . BOOLEAN,;

INVERSE

using_surfaces : BAG[1:?] OF rectangular_composite_surface FOR segments;

WHERE

E

WR1: (NOT (GEOMETRY_SCHEMA.CURVE_BOUNDED_SURFACE’
IN TYPEOF(parent_surface)));
ND_ENTITY;

(*

Atlribute definitions

pa

NG
fad
re
sa
ge

u_
joi
be
V_
joi
be
u_
the
the
V_
the
the

us
de

Fo

rent_surface: The surface which defines the geometry and boundaries ofthe surface patq

resentation using arectangular_composite_surfacecontaining thissurface”patch It is therefore n

pmetric_representation_context

fransition: The minimum state of geometric continuity aleng the secobdundary of the patc
ns the firstu boundary of its neighbour. In the case of.the last patch, this defines the state o
fween the first boundary and last boundary of theectangular_composite_surface

ransition: The minimum state of geometric cantinuity along the secohdundary of the patc
ns the firstv boundary of its neighbour. In thease of the last patch, this defines the state o
fween the first boundary and last boundary of theectangular_composite_surface

b parameter takes its lowest yalue; it is the highest value boundary if sense is FALSE.

b parameter takes jts\lowest value; it is the highest value boundary if sense is FALSE.

ng_surfaces: The'bag ofrectangular_composite_surface which use thisurface_patchin t
finition. Thisbag shall not be empty.

rmal propositions

TE Sincesurface_patchis not a subtype ajeometric_representation_itenthe instance obounded |
e used agarent_surfaceis not automatically associated with theometric~representation_contexbf

h.

sur-
the
eces-

y to ensure that theunded_surfaceinstance is explicitly included in eepresentation with the appropriate

nasit
f continuity

has it
f continuity

sense: This defines the relationshiphetween the sense (increasing parameter value) of the patch and
b sense of thparent_surface If ussensds TRUE, the first: boundary of the patch is the ong

where

sense: This defines the relationship between the sense (increasing parameter value) of the patch and
b sense of thparent_surface If v_sensds TRUE, the firsty boundary of the patch is the one|

where

heir

WR1: A curve bounded surface shall not be used to define a surface patch.

4.4.81

offset_surface

This is a procedural definition of a simple offset surface at a normal distance from the originataogsurf
distancemay be positive, negative or zero to indicate the preferred side of the surface. The positive side
and the resultant offset surface are defined as follows:

120
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Define unit tangent vectors of the base surface im thredv directions; denote these by, ando,,.

Take the cross produdy = o, X, of these (which shall be linearly independent, or there is no
offset surface)N shall be extended by continuity at singular points, if possible.

NormaliselN to get a unit normal (to the surface) vector.

d)
NG

Th
hal

W

NQ
of
o}

=

EX

Move the offset distance (which may be zero) along that vector to find the point on the gffset surface.

TE 1 The definition allows theffset_surfaceto be self-intersecting.

e offset surface takes its parametrisation directly from that of the basis surface, corresponding points
ving identical parameter values. Tdiéset_surfaceis parametrised as

o(u,v) = S(u,v) + dN.
nereN is the unit normal vector to the basis surf&e, v) at parametervalues (v), andd is distance

TE 2 Care should be taken when using this entity to ensure that the offset distance needsédke fadius
curvature in any direction at any point of the basis surface. In particular, the sunfade sot contain any|ridge
Singular point.

PRESS specification

m

m

(*

Atlribute definitions

NTITY offset_surface

SUBTYPE OF (surface);
basis_surface : surface;
distance . length_measure;
self_intersect : LOGICAL
ND_ENTITY;

ba

sis<surface: The surface that is to be offset.

di

S

s s ££ oot larala la T 4 A M ££ % H H
tance—neoftsetafstance, wntchmay beposttive, egative or zero—Aposttive-offsetdistance IS

measured in the direction of the surface normal.

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

on

ly.
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4.

4.82 oriented_surface

An oriented_surfaceis a type of surface for which the direction of the surface normal may be reversed.
The unit normaN, at any point on theriented_surfaceis defined by the eqations:

NOTE Anoriented_surfacemay be instantiated with other subtypes of surface. For example,a compl

of

inward pointing normal.

EXPRESS specification

Jdo Jo

N(u,v) = <8_u X %% of orientation = . TRUFE.,
N(u,v) = —<Z—Z X Z—Z% of orientation = .FALSFE..

briented_surface with orientation = .FALSE., andspherical_surfacedefines a sphericdl surface

m

m

Atlribute definitions

(*

NTITY oriented_surface
SUBTYPE OF (surface);
orientation : BOOLEAN;
ND_ENTITY;

ori

4

This defines a repliea.of an existing surface in a different location. It is defined by referencing

Su
no
Su

EX

#.83 surface teplica

entation: This flag indicates wheéther, or not, the direction of the surface normal is reversg

[face and a transformation which gives the new position and possible scaling. The origin
t affected. The geometric characteristics of the surface produced will be identical to that g
rface, but, where the transformation includes scaling, the size may differ.

eX instance
vith an

pd.

the parent
hl surface is
f the parent

PRESS Qppr‘ifir‘minn

*)

E

NTITY surface_replica

SUBTYPE OF (surface);

parent_surface : surface;

transformation : cartesian_transformation_operator_3d;

WHERE

122

WR1: acyclic_surface_replica(SELF, parent_surface);
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END_ENTITY;
(*

Attribute definitions

piLellt_bun'st:. Thesurfacethat s bemycopied:

transformation: The cartesian_transformation_operator_3dwhich defines the location(orientation
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.

4.4.84 volume

A Yyolumeis a three dimensional solid of finite volume with.atri-parametric representation.
Each volume has a parametric representation

V(u, v, w),
where u, v, w are independent dimensionless parameters. Fofweachw) within the parameter range:

r = V(u,v,w),

=

gives the coordinates of a point withih the volume.

NQTE In this version of the proposal the parameter ranges for the standard primitives have been |standardised,
mainly to [0:1], to ensure that they are dimensionless quantities.

EXPRESS spegification

m

NTITY>-volume

SURERTYPE OF (ONEOF(block volume, wedge volume, spherical_volume,
cylindrical volume eccentric _conical volume
toroidal_volume, pyramid_volume, b_spline_volume,
ellipsoid_volume, tetrahedron_volume, hexahedron_volume))

SUBTYPE OF (geometric_representation_item);

WHERE

WR1 : SELF\geometric_representation_item.dim = 3;
END_ENTITY;

(*
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Formal propositions

WR1: The coordinate space dimensionality shall be 3.

4.4.85 block volume

log
a
coprdinate system.

>

Thie data is to be interpreted as follows:

a

=]

wHere the parametrisation rangdisl © < 1,0 < v < 1,and0 < w < 1.

EXPRESS specification

m

NTITY block volume
SUBTYPE OF (velume);

C

TR~ N K

d the volume is parametrised as

V(u,v,w) = CHulx + vdy + whz

position : axis2 -placement_3d;

ation and placement coordinate system. Bloek_volumeis specified by the positive lepgti
[z along the axes of the placement coordinate system, and has one vertex at the origin\of t

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

= position.p[2]

= position.p[3]

= x(length)

=y (depth)

=z (height)

X /Ppositive_length_measure;
y . positive_length_measure;
z . positive_length_measure;

END __ENTITY;

(*

Attribute definitions

position: The location and orientation of the axis system for the primitive. The block has one vertex at
position.locationand its edges aligned with the placement axes in the positive sense.

x: The size of the block along the placement X axis, {pos.p[1]).

124
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Itx

p[3]

p[

location p[1]
position attributes

Figure 20 — Wedge_volume and its attributes

: [The size of the block alongthe placement Y axis, {pos.p[2]).
: [The size of the block aleng the placement Z axis, {fms.p[3]).

.86 wedge volume

vedge_volimds a parametric volume which can be envisioned as the result of intersecti

with a plane perpendicular to one of its faces. It is defined with a location and local coordinatg
ngular/trapezoidal face lies in the plane defined by the placement X and Y axes. This fag

by|pasitive lengths andy along the placement X and Y axes, by the length(if non-zero) paral
the X axis at a distancgfrom the placement origin, and by the line connecting the ends of imelltx

segments. The remainder of the wedge is specified by the positive [eaffihg the placement Z axis
which defines a distance through which the trapezoid or triangle is extruded. I TXhe wedge has
five faces; otherwise, it has six faces.

ng a block
p system. A
e is defined

el to

NOTE See Figure 20 for interpretation of attributes.

(©1SO 2008 — All rightsreserved
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The data is to be interpreted as follows:

C = position.location (corner)
= position.p[1]

= position.p[2]

= position.p[3]

X (length)

=y (depth)

>R, o~ N < X
1

=z (height)
lmm = |tx

and the volume is parametrised as

wHere the parametrisation rangdisl © < 1,0 < v < 1,and0 < w < 1.

EXPRESS specification

ENTITY wedge_volume
SUBTYPE OF (volume);
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 < )

END_ENTITY;

(*

Atlribute definitions

pogition: The loeation and orientation of the placement axis system for the primitive. The
ong vertex aposition.locationand its edges aligned with the placement axes in the positive s¢

x: [The size of the wedge along the placement X axis.

y: | Fhe size of the wedge along the placement Y axis.

Vu,v,w)=C+ u((1 = v)l 4+ vlpin)x + vdy + whz

vedge has
bnse.

Z: The size of the wedge along the placement Z axis.

Itx: 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
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A pyramid_volumeis a parametric volume in the form of a solid pyramid with a rectangular base. The
apex of the pyramid is directly above the centre point of the base. The eedtorighy@bbid_volume
is specified by its position, which provides a placement coordinate system, its length, depth and height.

The data is to be interpreted as follows:

C

TR~ N K

and the volume is parametrised as

wHere the parametric rangels< u, v, w < 1.

EXPRESS specification

position.location
position.p[1]
position.p[2]
position.p[3]
xlength

ylength

height

Viu,v,w)=C+ w(%x—l— gy—l— hz) + (L. w) (ulx + vdy)

ENTITY pyramid_volume
SUBTYPE OF (volume);
position . axis2_placement_3d;
xlength . positiveslength_measure;
ylength . positive_length_measure;
height . pesitive_length_measure;

END_ENTITY;

(*

Attribute definitions

pociﬁnn' The location and grientation of the pyrnm;n_hcifinn defines a pl::am:\mpnf coordinate

system

for the pyramid. The pyramid has one corner of its bagmoattion.locationand the edges of the base
are aligned with the first two placement axes in the positive sense.

xlength: The length of the base measured along the placement X axisi¢pas{1]).
ylength: The length of the base measured along the placement Y axisi¢pos{2]).

height: The height of the apex above the plane of the base, measured in the direction of the placement

Z axis (position.p[3]).

(©1SO 2008 — All rightsreserved
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4.4.88 tetrahedron_volume

A tetrahedron_volumeis a type ofvolume with 4 vertices and 4 triangular faces. It is defined by the
four cartesian_point which locate the vertices. These points shall not be coplanar.

The data is to be interpreted as follows:

— point 1 coordinates
P t

= point_2.coordinates
= point_3.coordinates
= point_4.coordinates

e T 9
|

Thie volume is parametrised as
V(u,v,w)=a+ub—a)+v(c—a)+w(d-a)

wHere the parametrisation rangdist « < 1,0 < v < 1,and0 < w < \Withu + v+ w < 1.

EXPRESS specification

m

NTITY tetrahedron_volume
SUBTYPE OF (volume);
point_1 : cartesian_point ;
point_2 : cartesian_point ;
point_3 : cartesian_point ;
point_4 : cartesian_point ;
WHERE
WR1: point_1.dim = 3 ;
WR2: above_plane(point_1;* point_2, point_3, point_4) <> 0.0 ;
END_ENTITY;
(*

Atlribute definitions

pojnt_1%>Thecartesian_pointthat locates the first vertex of thetrahedron.

pojnt22: Thecartesian_pointthat locates the second vertex of tegahedron.

point_3: Thecartesian_pointthat locates the third vertex of thetrahedron.

point_4: Thecartesian_pointthat locates at the fourth vertex of ttetrahedron.

Formal propositions

WR1: The coordinate space dimensionpafint_1 shall be 3.
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NOTE The rulecompatible_dimensionensures that all theartesian_point attributes of this entity have the
same dimension.

WR2: point_1, point_2, point_3andpoint_4 shall not be coplanar. This is tested by verifying that the
cross_productof the three directions fromoint_1 to each of the other points is non-zero.

4.4.89 hexahedron_volume

A hexahedron_volumeis a type ofvolume with 8 vertices and 6 four-sided faces. It is defined py the 8
pojnts which locate the vertices.

Thie volume is parametrised as
Viu,v,w)=(1—u)(1-v)(1-w)P1+ (1 —u)(v)(1 —w)Pa4+uv(l —w)Psfu(l—v)(1—w)Pat+

(1 —u)(1=v)wPs+ (1 —u)(v)wPe + uvwPrs + u(le=w)wPs+

wHere the parametric rangelis< «, v, w < 1, andP; denotes the pasition vector pbints]i].

EXPRESS specification

m

NTITY hexahedron_volume

SUBTYPE OF (volume);

points : LIST[8:8] OF cartesian_point;
WHERE

WR1: above_plane(points[1], paoinfs[2], points[3], points[4]) = 0.0;
WR2: above_plane(points[5], points[8], points[7], points[6]) = 0.0;
WR3: above_plane(points[1],” points[4], points[8], points[5]) = 0.0;
WRA4: above_plane(pointsf4}, points[3], points[7], points[8]) = 0.0;
WRS5: above_plane(points{3], points[2], points[6], points[7]) = 0.0;
WR6: above_plane(points[1], points[5], points[6], points[2]) = 0.0;

WRY7: same_side([points[1], points[2], points[3]],
[points[5], points[6], points[7], points[8]]);
WRS8: samedsjde([points[1], points[4], points[8]],
[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]]);
—WRIt—sameside(fpoints{3t,pomnts{ 71, poimntsiéit;
[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;
(*
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Attribute definitions

points: Thecartesian_point that locate the vertices of tltenvex_hexahedron These points are or-
dered such thaioints[1], points[2], points[3], points[4]define, in anti-clockwise order, one planar face
of the solid and, in corresponding ordenints[5], points[6], points[7], points[8] define the opposite
face.

NQIE__See Figure 23 for further information about the pasitions of the vertices

Formal propositions

R1: The first 4points shall be coplanar.

R2: The final 4points shall be coplanar.

R3: points[1], points[4], points[8], points[5], shall be coplanar.

R4: points[4], points[3], points[7], points[8], shall be coplanar.

R5: points[3], points[2], points[6], points[7], shall be coplanar:

R6: points[1], points[5], points[6], points[2], shall be ceplanar.
1,

R7: points[5], points[6], points[7], points[8], shall al}Jie on the same side of the planepointg[1],
nts[2], points[3].

R8: points[3], points[7], points[6], points[2], 8hall all lie on the same side of the planepointg[1],
nts[4], points[8].

B8 ===z ¢

WR9: points[4], points[3], points[7], points[8], shall all lie on the same side of the planegpointg[1],
pojnts[2], points[5].

WR10: points[1], points[2], paints[3], points[4], shall all lie on the same side of the plangofntg[5],
pojnts[6], points[7].

WR11: points[1], points{4], points[8], points[5], shall all lie on the same side of the plangofntq[3],
pojnts[7], points[6].

WR12: points[1], points[5], points[6], points[2], shall all lie on the same side of the plangofntq[3],
pojnts[7], points[8].

NQTE The'above 6 rules ensure that goénts define a convex figure.

o

o

o

o

WR13: points[1] shall have coordinate space dimensionality 3.

4.4.90 spherical_volume

A spherical_volumeis a parametric volume in the form of a sphere of radiusA spherical_volume
is defined by the radius and the position of the solid.
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The 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

ang the volume Is parametrised as
V (v, w) = C o wlteos(<) (cos(2mu)x+ (sin(2m))y) + wh(sin( 7))z

wHere the parametrisation rangdist « < 1, -1 <o <1,and0 < w < 1.

EXPRESS specification

m

NTITY spherical_volume

SUBTYPE OF (volume);

position : axis2_placement_3d;
radius . positive_length_measure;
ND_ENTITY;

> m

Atlribute definitions

pogition: The location and parametric orientation of the sopdsition.locationis the centre gf the
sphere.

radlius: The radius of the sphere.

4.4.91 cylindrical_volume

A gylindrical_votume is a parametric volume in the form of a circular cylindercyindrical_volyme
is dlefined hyrits orientation and location, its radius and its height. The datais to be interpreted as follows:

= position.location
= position.p[1]
}JUD;tiUI I}J[z]

= position.p[3]

= radius

= height

TMond ® O
I

and the volume is parametrised as
V(u,v,w) = C+ wR((cos(2ru))x + (sin(2ru)y) + vHz

where the parametrisation rangdis « < 1,0 < v < 1,and0 < w < 1.
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EXPRESS specification

)
ENTITY cylindrical_volume

m

(*

SUBTYPE OF (volume);
position : axis2_placement_3d;
radius . positive_length_measure;

helght—_positive_tengtn_measure,
ND_ENTITY;

Atlribute definitions

pogition: The location and orientation of the cylinder.

po
p

(@]

sition.location: A point on the axis of the cylinder.

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

radlius: The radius of the cylinder.

he

ght: The height of the cylinder.

#.92 eccentric_conical _volume

Anl eccentric_conical_volumes a paramettic volume in the form of a skew cone. €heentric__
icdl_volumemay have an elliptic cross section, and may have a central axis which is not pe

the base. Depending upon the value ofrdi@ attribute it may be truncated, or may take the

hak a similar cross section.

an

e data is to be interpreted as follows:

C = position.location
x = position.p[1]
y = position.p[2]
7z = position.p[3]

Con-
'pendicular
form of

jeneralised cylinder. When truncated the top face of the cone is parallel to the plane of {he base and

R; = semi_axis_1
Ry, = semi_axis_2
H——height
zo = X_oOffset
yo = y_offset
s = ratio

d the volume is parametrised as

V(u,v,w)=C+v(zox + yoy) + w(l +v(s — 1)) (Ri(cos(2ru))x + Ra(sin(2ru)y)) + vHz

where the parametrisation rangdis « < 1,0 < v < 1,and0 < w < 1.
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EXPRESS specification

*

)

ENTITY eccentric_conical_volume
SUBTYPE OF (volume);

position . axis2_placement_3d;
semi_axis_1 : positive_length_measure;
SEMi_axis_2 - positive_fength_measure;

height . positive_length_measure;
x_offset . length_measure;
y_offset . length_measure;
ratio . REAL;
WHERE
WR1 : ratio >= 0.0;
END_ENTITY;
(*
Attribute definitions

pogition: The location of the centrgdoint on the axis and.the direction eemi_axis_1 This defines
the centre and plane of the base of #loeentric_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].

semi_axis_2:The length of the second radius of the base of the cone in the directmwsdion.g[2].
[height] The height of the cone above the'base measured in the direcpositbn.p[3].

x_pffset: The distance, in the direetion @bsition.p[1], from the central point of the top face|of the
cope to the point in the plane of thisface directly above the central point of the base.

y_pffset: The distance, in the direction gbsition.p[2], from the central point of the top face|of the
cope to the point in the plane of this face directly above the central point of the base.

ratjo: 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.

NCTET—intheptacementcoordinate-systemdefinegdsitontirecentratpoint-of thetop-faceof tieeten-

tric_conical_volumehas coordinatege_of fset,y_of fset, height).
NOTE 2 Ifratio = 0.0 theeccentric_conical volumeincludes the apex.
If ratio = 1.0 theeccentric_conical volumeis in the form of a generalised cylinder with all cross sections of the

same dimensions.

NOTE 3 Ifx_offset=y_offset= 0.0 the eccentric_conical_volume has the form of a rigldte cone or, with
Ry = R,, aright circular cone.
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4.4.93 toroidal_volume

A toroidal_volumeis a parametric volume which could be produced by revolving a circular face about
alinein its plane. The radius of the circle being revolved is referred to here asnbe radius and the
major_radius is the distance from the centre of this circle to the axis of revolutiotardidal_volume

is defined by the major and minor radii and the position and orientation of thecsurf

Thle 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
|

and the volume is parametrised as
V(u,v,w) = C+H (R + wrcos(2mv))((cos(2mu))x + (sin(274))y) + wr(sin(27v))z
wHere the parametrisation rangdis «, v, w < 1.

EXPRESS specification

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

pogitien¥ The location and orientation of the solfghsition.locationis the central point of the tofus.
maqef—radm%ﬁemq@fraem-&i—(—hekﬁms—yl' —fadits: ' i ;

minor_radius: The minor radius of the torus.

Formal propositions

WR1: The minor radius shall be less than the major radius. This ensures that the parametric coordinates
are unique for each point inside the volume.
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4.4.94 ellipsoid_volume

An ellipsoid_volumeis a type ofvolumein the form of a solid ellipsoid. It is defined by its location and
orientation and by the lengths of the three semi-axes. The data is to be interpreted as follows:

C = position.location (centre)
x = position.p[1]
= rr_\r\ciﬁnn p[’)]
= position.p[3]
= semi_axis_1
= semi_axis_2
= semi_axis_3

A o2 N ¥
|

and the volume is parametrised as

Viu,v,w)=C+ wcos(%)(a(cos(%'u))x + b(sin(27u))y) + wc(sin(%))z

wHhere the parametrisation rangdist « < 1, -1 < v < 1, and0 < w7

EXPRESS specification

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;

m

(*

Atlribute definitions

pogition: The fecation and orientation of the ellipsoigosition.locationis a cartesian_pointat| the
ceptre of the ellipsoid and the axes of the ellipsoid are aligned with the diregtositson. 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 tHigection position.p[2].

semi_axis_3:The length of the semi-axis of the ellipsoid in ttieection position.p[3].

4.4.95 b_spline_volume

A b_spline_volumeis a general form of tri-parametric volume field which is represented by control
points and basis functions. As with the B-spline curve and surface entities it has special subtypes where
some of the data can be derived. The data is to be interpreted as follows:
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a) The symbology used here is:

K1 = upper_index_on_u_control_values
K2 = upper_index_on_v_control_values
K3 = upper_index_on_w_control_values
V.;x = control_values
dl = u_degree
12——vdegree
d3 = w_degree

b)| The control values are ordered as

P0007 P0017 P0027 """ 3 PIX’IIX’Z(IX’3—1)7 PK1K2K3

c)| Foreach parameter= u orv, orw if k is the upper index on the cantrol points ahis the dggree
for s, the knot array is an array ok + d + 2) real numberss_, «ysk+1], such that for all inlices
jin [—d, k], s; <= s;41. This array is obtained from the appropri&tets_datalist by repeating
each miltiple knotaccording to the mitiplicity.

Ng, theith normalised B-spline basis function of degteés defined on the subset
[Si—d, .-y Si+1] Of this array.

d)| LetZ denote the number of distinct values amongst the knots in the knok lisifj be referrgd to
as the ‘upper index on knots’. Let; denotéthe multiplicity (i.e., number of repetitions) of [tita
distinct knot value. Then:

L
> mi=d+k+2

=1
All knot multiplicities exgept the first and the last shall be in the rahge d; the first and las{ may
have a maximum value @f+ 1. In evaluating the basis functions, a knoof, e.g., multiplicityB is
interpreted as a sequencen, u, in the knot array.

e)| The parametricvolume is given by the equation:

K1 K2 K3

V(u,v,w)= Z Z Z PijkNZdl(u)N]dz(v)Ng?’(w)

1=0 =0 k=0

EXPRESS specification

*
)
ENTITY b_spline_volume
SUPERTYPE OF (ONEOF(b_spline_volume_with_knots, uniform_volume,
qguasi_uniform_volume,bezier_volume) ANDOR
rational_b_spline_volume)
SUBTYPE OF (volume);
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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]
OF ARRAY [0:w_upper] OF cartesian_point
:= make_array_of_array_of_array (control_points_list;
0,u_upper,0,v_upper,
0,w_upper );
WHERE

WR1: (GEOMETRY_SCHEMA.BEZIER_VOLUME' IN TYPEOF(SELF)) OR
(GEOMETRY_SCHEMA.UNIFORM_VOLUME' IN TYPEOE(SELF)) OR
(GEOMETRY_SCHEMA.QUASI_UNIFORM_VOLUME'{JN TYPEOF(SELF)) OR
(GEOMETRY_SCHEMA.B_SPLINE_VOLUME_WITH.KNOTS' IN TYPEOF(SELF)) ;

ND_ENTITY:;

m

Atlribute definitions

u_fdegree: Algebraic degree of basis functions in u.

v_fegree: Algebraic degree of basisifunctions in v.

w_|degree: Algebraic degree ofbasis functions in w.
coptrol_values_list: This is_a list of lists of lists of control values.
u_ppper: Upper index-on control values in u direction.
v_lpper: Upperdndex on control values in v direction.
w_|upper: Upper index on control values in w direction.

coptrol_values: Array (three-dimensional) of control values defining field geometry. This array is con-
structedfrom the control values list.

—

Formal propositions

WR1: Any instantiation of this entity shall include one of the subtypes
b_spline_volume_with_knotsor bezier_volume or uniform_volume, or quasi_uniform_volume
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4.4.96 b_spline_volume_with_knots

This is a B-spline volume in which the knot values are explicitly given. This subtype shall be used to
represent non-uniform B-spline volumes, and may also be used for other knot types.

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

EXPRESS specification

m

NTITY b_spline_volume_with_knots
SUBTYPE OF (b_spline_volume);
u_multiplicities : LIST [2:?] OF INTEGER,;
v_multiplicities : LIST [2:?] OF INTEGER,;
w_multiplicities : LIST [2:?] 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

WR1: constraints_param_b_spline(SELF\b_spline_volume.u_degree,
knot_u_wupper, SELF\b_spline_volume.u_upper,
u_multiplicities, u_knots);
WR2: constraints_param-b_spline(SELF\b_spline_volume.v_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_spline_volume.w_upper,
w_multiplicities, w_knots);
WRA4: (SIZEOF(u_multiplicities) = knot_u_upper;
WR5:=SIZEOF(v_multiplicities) = knot_v_upper;
WR6: SIZEOF(w_multiplicities) = knot_w_upper;
ND,ENTITY;

M

Attribute definitions

u_multiplicities: The multiplicities of the knots in the u parameter direction.

v_multiplicities: The multiplicities of the knots in the v parameter direction.
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w_multiplicities: The multiplicities of the knots in the w parameter direction.

u_

knots: The list of the distinct knots in the u parameter direction.

v_knots: The list of the distinct knots in the v parameter 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.

kn
kn
SE
SE
SE
SE
SE
SE
SE

SH
ue

Fo

Dt _v_upper: The number of distinct knots in the v parameter direction.

Dt _v_upper: The number of distinct knots in the v parameter direction.
LF\b_spline_volume.u_degree:Algebraic degree of basis functions in u.
LF\b_spline_volume.v_degreeAlgebraic degree of basis functions in v.
LF\b_spline_volume.w_degreeAlgebraic degree of basis functions.in w.
LF\b_spline_volume.control_values_listThis is a list of lists of centrol values.
LF\b_spline_volume.uupper: Upper index on control values ir'u direction.
LF\b_spline_volume.vupper: Upper index on control vajues in v direction.
LF\b_spline_volume.wupper: Upper index on controlvalues in w direction.

LF\b_spline_volume.control_values:Array (three=dimensional) of control values defining f
5. This array is constructed from the control values lists.

rmal propositions

W
u-(g

W
V-@

R1: constraints_param_b_splinereturns TRUE when the parameter constraints are verifig
lirection.

R2: constraints_param(b-splinereturns TRUE when the parameter constraints are verifig
irection.

R3: constraints ¢param_b_splinereturns TRUE when the parameter constraints are verifiq
Hirection.

R4: Theaumber oti_multiplicities shall be the same as the numbeuoknots.

R5: The number of/_multiplicities shall be the same as the numbew oknots.

eld val-

bd for the

od for the

bd for the

R62 The number ofv_multiplicities shall be the same as the numbemofknots.

4.4.97 bezier_volume

This is a special type of tri-parametric volume which can be represented as a subtypsplifie -
volume in which the knots are evenly spaced and have highiptigities. Suitable default values for
the knots and knot multiplicities are derived in this case. In this subtype the knot spacing is 1.0, starting

fro

m 0.0.
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EX

PRESS 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:

ku

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 directiens are then given by the function calls
default_b_spline_knot_mul{SELF\b_spline_volume.u_degree, ku_up, bezier_knots)
default_b_spline_knot¢SELR\b_spline_volume.u_degree;Ku_up, bezier_knots)
default_b_spline_knot_mul{SELF\b_spline_volume. degree, kv_up, bezier_knots)
default_b_spline_knot¢SELR\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¢SELR\ b_spline_volume:w_degree,kw_up, bezier_knots)

4.4.98 uniform_volume

. SELF\b spline volume.u upper .
ku—up T 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

up is the value required for the upper index on the knot and knat,mtiltiplicity lists in the u directipn. This is

This is a special subtype'df spline_volumein which the knots are evenly spaced. Suitablg default

val

ues for the knots and.knot multiplicities can be derived in this case.

A B-spline isunifornTif and only if all knots are of multiplicity 1 and they differ by a positive constant

from the preceding knot. In this subtype the knot spacing is 1.0, starting-frdimree.

EX

PRESS specification

)

ENTITY uniform_volume

E
(*

SUBTYPE OF (b_spline_volume);
ND_ENTITY;

NOTE If explicit knot values for the volume are required, they can be derived as follows:

140 ©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

—  ku_up := SELF\b_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;
—  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 directign. This is
computed from the degree and the number of control points in this diregtiorup is the value required for the
upper index on the knot and knot multiplicity lists in the w direction. This is computed from the-degfee 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 cdl
default_b_spline_knot_mul{SELF\b_spline_volume.u_degree, ku_up, uniform_knots)
default_b_spline_knot¢SELR\b_spline_volume.u_degree,ku_up, uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.v_degree, kv_up, uniform_khots)
default_b_spline_knot¢SELR\b_spline_volume.v_degree,kv_up, uniform_knots)
default_b_spline_knot_mul{SELF\b_spline_volume.w_degree, kw_up, uniferm_knots)
default_b_spline_knot¢SELF\b_spline_volume.w_degree,kw_up, uniform._knots)

S:

4.4.99 quasi_uniform_volume

This is a special subtype of spline_volumein which.the knots are evenly spaced, and except for the
firgt and last, have multiplicity 1. Suitable defaultialues for the knots and knot multiplicities gre derived
in this case.

A B-spline isquasi-uniformif and only ifthe knots are of multiplicity (degree+1) at the ends, of multi-

plicity 1 elsewhere, and they differ-by-a positive constant from the preceding knot. In this qubtype the
knpt spacing is 1.0, starting from.0.0.

EXPRESS specification

m

NTITY quasiwuiiform_volume
SUBTYREYOF (b_spline_volume);
ND_ENTITY;

m

(*

NOTE If explicit knot values for the volume are required, they can be derived as follows:
—  ku_up := SELF\b_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;

—  kw_up := SELF\b_spline_volume.w_upper — SELF\b_spline_volume.w_degree + 2;
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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 diregtiorup 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 inttendv parameter directions

are then given by the function calls:

default b spline knot mul{SELR\b spline volume.u degree, ku up, quasi uniform knots)

de
de
de
de
de

4.

A
po
of
de

Thie volume is to be interpreted as follows:

NG

EX

ault_b_spline_knot¢SELR\b_spline_volume.u_degree,ku_up, quasi_uniform_knots)
ault_b_spline_knot_mul{SELFR\b_spline_volume.v_degree, kv_up, quasi_uniform_knots)
ault_b_spline_knot¢SELR\b_spline_volume.v_degree,kv_up, quasi_uniform_knots)
ault_b_spline_knot_mul{SELFR\b_spline_volume.w_degree, kw_up, quasi_uniform_knats)
ault_b_spline_knot¢SELR\b_spline_volume.w_degree,kw_up, quasi_uniform_knots)

1.100 rational_b_spline_volume

fational_b_spline_volumeis a piecewise parametric rational volume described in terms (¢
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 basis funct
fined.

SO I SRS wir Pk N () N2 (0) NP (w)

Vi(u,v) = - g -
S0 RS wisk N (w) N2 (v) N (w)

TE See 4.4.95 for details of the symbology used in the above equation.

PRESS specification

m

NTITY rational _b_spline_volume
SUBTYPE OF (b_spline_volume);
weights_data : LIST [2:?] OF

f control
er subtypes
ons are

LIST [2:?] OF

LIST [2:?] OF REAL;

DERIVE
weights : ARRAY [0:u_upper] OF
ARRAY [0:v_upper] OF
ARRAY [0:w_upper] OF REAL
:= make_array_of_array_of_array
(weights_data,0,u_upper,0,v_upper,0,w_upper);
WHERE
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WR1: (SIZEOF(weights_data) =
SIZEOF(SELF\b_spline_volume.control_points_list))
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;

(*

Atlribute definitions

W§g

W§

Fo

ights_data: The weights associated with the control points in the rational-case.

ights: Array (two-dimensional) of weight values constructed from\ifgéghts_data

rmal propositions

W
W

4.

Thie rulecompatible_dimensionensures:that:

a)

b)

NC
res

All

R1: The array dimensions for the weights shall be consistent with the control points data.

R2: The weight value associated with each contrelpoint shall be greater than zero.

3) Geometry schema rule definition: compatible dimension

allgeometric_representation_.itens are geometrically founded in one or more
geometric_representatienicontextoordinate spaces;

whengeometric_representation_iters are geometrically founded together in a coordina
they have the same coordinate spditeension_countby ensuring that each matches thim
sion_countofthe coordinate space in which it is geometrically founded.

TE Two-dimensionajeometric_representation_itens that are geometrically founded irgaometric_|

e space,
en-

rep-

entation:.contextare only geometrically founded greometric_representation_contexs with acoordinate -
space dimensiorof 2.
geometric_representation_itemg$ounded in such a context are two-dimensional. All other valuetng

en-

20D

SI

EXPRESS specification

*)
RULE compatible_dimension FOR

(cartesian_point,

(©1SO 2008 — All rightsreserved
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direction,
representation_context,
geometric_representation_context);

WHERE

-- ensure that the count of coordinates of each cartesian_point
-- matches the coordinate_space_dimension of each geometric_context in
-- which it is geometrically founded

WR1: SIZEOF(QUERY(x <* cartesian_point| SIZEOF(QUERY
(y <* geometric_representation_context | item_in_context(x,y) AND
(HIINDEX(x.coordinates) <> y.coordinate_space_dimension))) > 0 )) =0;

- ensure that the count of direction_ratios of each direction
- matches the coordinate_space_dimension of each geometric_context in
- which it is geometrically founded
WR2: SIZEOF(QUERY(x <* direction | SIZEOF( QUERY
(y <* geometric_representation_context | item_in_context(x,y) AND
(HIINDEX(x.direction_ratios) <> y.coordinate_space_dimension)))

>0)) =0
END_RULE;
(*
Formal propositions
WR1: There shall be neartesian_point that.has a number of coordinates that differs from
ordlinate_space_dimensiorof the geometric~tepresentation_contexd in which it is geometr
foynded.
WIR2: There shall be ndlirection that-has a number direction_ratios that differs from thg
ordlinate_space_dimensiorof the.geometric_representation_contexd in which it is geometr
foynded.
NQTE A check of onlycartesian_point anddirections is sufficient for allgeometric_representation_i

be

a)

b)

Cause:

All geometrie__representation_itens appear in trees a€presentation_itens descending from thig
attribute of ‘entityrepresentation See WR1 of entityepresentation_itemin ISO 10303-43.

Eachgeometric_representation_itemgains its position and orientation information only by being,
ringto, acartesian_pointor direction entity in such a tree. In many cases this reference is mg
axis_placement

the
cally

CO-
cally

lens

EMS

or refer-
de via an

c)

4.

No other use of angeometric_representation_itemis allowed that would associate it with a coordinate

space or otherwise assigmienension_count

6 Geometry function definitions

The EXPRESS language has a number of built-in functions. This section describes additional functions
required for the definition and constraints on gemmetry _schema

144
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4.6.1 dimension_of

The functiondimension_ofreturns the dimensionality of the inpgéometric_representation_item If
the item is acartesian_point direction, or vector, the dimensionality is obtained directly by counting
components.

For all other other subtypes the dimensionality is the intelfi@ension_countof a geometric_repre-
sentation_contextin which the inpugeometric_representation_items geometrically founded.

By virtue of the constraints in global rutmmpatible_dimension this value is theoordindte.“space_-
dimensionof the inputgeometric_representation_item See 4.5 for definition of this fule.

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_SCHEMADIRECTION' IN TYPEOF(item) THEN
dim := SIZEOF(iterm\direction.direction_ratios);
RETURN(dim);

END_IF;

IF 'GEOMETRY_ (SCHEMA.VECTOR' IN TYPEOF(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_tontext.

- Find the set of representation in which the item is used.

X = 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.
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y = X[1].context_of_items;

dim := y\geometric_representation_context.coordinate_space_dimension;

RETURN (dim);

END_FUNCTION,;

(*

Argument definitions

ite

4.

Th
giV

re

5.2 acyclic_curve_replica

fers to itself, directly or indirectly, in its own definition.

EXPRESS specification

T

~

[UNCTION acyclic_curve_replica(rep : curve_replica; parent : curve)
. BOOLEAN,;

RETURN (TRUE);
END_IF;
1 Return TRUE if the parent is (net” of type curve replica *)
IF (parent :=: rep) THEN
RETURN (FALSE);
* Return FALSE if theparent is the same curve replica, otherwise,
call function again with-the parents own parent_curve. *)
ELSE
RETURN(acyclicxcurve_replica(rep,
parent\curve_replica.parent_curve));
END_IF;
END_FUNCTION;

*

m: (input) ageometric_representation_itenfor which thedimension_countis detepmined.

eacyclic_curve_replicaboolean function is a recursive function whichrdetermines whether
encurve_replica participates in its own definition. The function retirns FALSE if thieve_rep

IF NOT ((GEOMETRY_SCHEMA.CURVE REPLICA’) IN TYPEOF(parent)) THEN

or not, a
lica

Argument definitions

re

p: (input) Thecurve_replicawhich is to be tested for a cyclic reference.

parent: (input) A curve used in the definition of the replica.

146
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4.6.3 acyclic_point_replica

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.

EXPRESS specification

T

UNCTION acyclic_point_replica(rep : point_replica; parent : point)
. BOOLEAN,;
IF NOT ((GEOMETRY_SCHEMA.POINT_REPLICA") IN TYPEOF(parent)) THEN
RETURN (TRUE);
END_IF;
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,cotherwise,

~

call function again with the parents own parent_pt. *)
ELSE RETURN(acyclic_point_replica(rep, parent\pointureplica.parent_pt));
END_IF;

END_FUNCTION,;
*

Argument definitions

rep: (input) Thepoint_replica which is to be tested for a cyclic reference.

p

Q

rent: (input) A point used.in the definition of the replica.

46.4 acyclicosurface_replica

Theacyclic_surface_replicéboolean function is a recursive function which determines whether, or not,
a givensurface_replicaparticipates in its own definition. The function returns FALSE if tuefage_-
replica refers to itself, directly or indirectly, in its own definition.

EXPRESS specification

*
)
FUNCTION acyclic_surface_replica(rep : surface_replica; parent : surface)
. BOOLEAN,;
IF NOT ((GEOMETRY_SCHEMA.SURFACE_REPLICA’) IN TYPEOF(parent)) THEN
RETURN (TRUE);
END_IF;
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(* 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;
FND_FUNCTION;

*

Argument definitions

rep: (input) Thesurface_replicawhich is to be tested for a cyclic referepce.

p

Q

rent: (input) A surfaceused in the definition of the replica.

46.5 associated_surface

Thiis function determines the unique surface which is associated withttlree_or_surfacetype. (It is
required by the propositions which apply to surface.carve and its subtypes.

EXPRESS specification

T

[UNCTION associated_surface(arg—: pcurve_or_surface) : surface;
LOCAL

surf : surface;
END_LOCAL;

IF 'GEOMETRY_SCHEMA.PCURVE' IN TYPEOF(arg) THEN
surf := arg.hasis_surface;

ELSE

surf :=\arg;
END_IF:
RETURN(surf);

ENDFUNCTION,;
(*

Argument definitions

arg: (input) Thepcurve_or_surfacefor which the determination of the associated parent surface is
required.
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surf: (output) The parent surface associated \ariin

4.6.6 base axis

This function returns normalised orthogonal directiarj&], u[2] and, if appropriatey[3].

s complete-input-dafizlis e-ditection-obxis34 s-in the
direction of the projection adixislonto the plane normal 3], andu[2] is orthogonal to botkf1)and
u[3], taking the same sensea&s2
In the two-dimensional casg1] is in the direction obixislandu[2] is perpendicular féthis, taking its
sepse fromaxis2
For incomplete input data appropriate default values are derived.

NOTE 1 This function does not provide geometric founding for dirvections returned, the caller of the the
furfction is responsible for ensuring that they are used repaesentation with a geometric_representatipn_-
comtext
EXPRESS specification
)
FUNCTION base_axis(dim : INTEGER; axisly‘axis2, axis3 : direction) :
LIST [2:3] OF
direction;
| 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(dl,axisl);
u = [d2ysSecond_proj_axis(d1,d2,axis2), di];
FLSE
IFEXISTS(axis1) THEN
dl := normalise(axisl);
u := [d1, orthogonal 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[1];
u[2].direction_ratios[2] := -u[2].direction_ratios[2];
END_IF;
END_IF;
ELSE
IF EXISTS(axis2) THEN
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u

dl := normalise(axis2);
u := [orthogonal _complement(dl), d1i];
u[l].direction_ratios[1] := -u[l].direction_ratios[1];
u[l].direction_ratios[2] := -u[l].direction_ratios[2];
ELSE
:= [dummy_gri || direction([1.0, 0.0]), dummy_gri ||

direction([0.0, 1.0])];

END_IF;

EN
(*

Ar

END_IF;
END_IF;
RETURN(U);
D_FUNCTION;

pument definitions

din
dir

a

X

a

X

a

X

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 sense(@f)

s3: (input) The direction ofu[3] in the casalim =3, 0f indeterminate in the cagan = 2.

. | (output) A list ofdim (i.e., 2 or 3) mutually perpendicular directions.

5.7 build_2axes

Thiis function returns two normalised orthogonal directiarj4] is in the direction of

ref
if t

Nd
furn
co

ne input data is incomplete,

TE 1 This function-dees not provide geometric founding for directions returned, the caller of t
ction is responsiblesfor ensuring that they are used lepaesentation with a geometric_representati
htext

brthogonal

| direction andu[2] is perpendicularta[1]. A default value of (1.0, 0.0) is supplied faaf_directjon

he the
pn_-

EXPRESS specification
)
FUNCTION 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;

RETURN([d, orthogonal _complement(d)]);
END_FUNCTION;
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(*

Argument definitions

ref_direction: (input) A reference direction in 2 dimensional space, this may be defaulted to (1.0, 0.0).

u: |(output) A list of 2 mutually perpendicular directiongl] is parallel toref_direction.

46.8 build_axes

This function returns three normalised orthogonal directiaf. is in the directionefxis, u[1] isinthe
direction of the projection ofef_direction onto the plane normal t9[3], andu[2] is the cross prpduct
of U[3] andu[1]. Default values are supplied if input data is incomplete;

=

NOTE 1 This function does not provide geometric founding for directions returned, the caller of the the
furlction is responsible for ensuring that they are used riepeesentation with a geometric_representatipn_-
comtext

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), «dtimmy_gri || direction([0.0,0.0,1.0]));
02 := first_proj_axis(dl, ref)direction);
RETURN([d2, normalise(eross_product(dl,d2)).orientation, di]);
ND_FUNCTION;

m

Argumentdefinitions

a

pas

s—(input) The intended direction aff3], this may be defaulted to (0.0, 0.0, 1.0).

ref_direction: (input) A direction in a direction used to computgl].

u: (output) A list of 3 mutually orthogonalirections in 3D space.
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4.6.9 orthogonal_complement

This function returns direction which is the orthogonal complement of the inglirection. The input
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 for direction returned, the caller of the the

EXPRESS specification

*)

T

[UNCTION orthogonal_complement(vec : direction) : direction;
LOCAL

result : direction ;
END_LOCAL;

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;

END_FUNCTION;

(*

Argument definitions

veg: (input) A directionin,2D space.

regult: (output) A direction orthogonal teec

46.10 first_proj_axis

arg onto the plane normal to the axis With arg defaulted the result is the projection of [1,0,p] onto
this plane; except that, #_axis=[1,0,0], or,z_axis=1[-1,0,0], [0,1,0] is the default foarg. A violation
occurs ifarg is in the same direction as the inputaxis

Tl'(ljs function produces a 3-dimensiomttection which is, with fully defined input, the projectjon of

NOTE 1 This function does not provide geometric founding for direction returned, the caller of the the
function is responsible for ensuring that it is used mepresentationwith ageometric_representation_context
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EXPRESS specification

*
)
FUNCTION first_proj_axis(z_axis, arg : direction) : direction;
LOCAL
X_axis : direction;
\Y; . direction;
Z T directom;
X_vec : vector;
END_LOCAL;

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]) AND
(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;
Xx_vec := scalar_times( vector(dot_product(v, z), 2z);
x_axis := vector_difference(v, x_vec).orientation;
X_axis := normalise(x_axis);
END_IF;
RETURN(X_axis);
END_FUNCTION;
(*

Ar Nt ANt Al afia it e
urrieritucinnuulio

z_axis: (input) A direction defining a local Z coordinate axis.
arg: (input) Adirection not parallel toz_axis

x_axis: (output) Adirection which is in the direction of the projection afg onto the plane with normal
z_axis

(©1S0O 2008 — All rightsreserved 153


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

4.6.11 second_proj_axis

This function returns the normaliséitection that is simultaneously the projectionarfy onto the plane
normal to thedirection z_axisand onto the plane normal to tki@ection x_axis. If arg is NULL, the
projection of the direction (0, 1, 0) onin axisis returned.

NOTE 1 ThIS functlon does not prowde geometrlc foundlng for dimectlon returned the caIIer of the the
furl 3% [ I [ Ntext

EXPRESS specification

*)

FIUNCTION second_proj_axis(z_axis, x_axis, arg: direction) : direction;
LOCAL
y_axis : vector;
\Y; . direction;
temp  : 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_preduct(v, z_axis), z_axis);
y_axis := vector_difference(v, temp);
temp := scalar_times_vector(got: product(v, x_axis), X_axis);

y_axis := vector_difference(y_axis, temp);
y_axis := normalise(y_axis);
RETURN(y_axis.orientation);
ND_FUNCTION;

m

(*

Argument definitions

z_pxis: (input) A direction defining a local Z axis.

: L PR, WP H 4 + Haol 4 H
X_:l)\lb. mpuyy A UncouuiTiot garalicr ta__axla

arg: (input) A direction which is used as the first approximation to the directign akis

y_axis.orientation: (output) A direction determined by first projectiagg onto the plane with normal
z_axis then projecting the result onto the plane normaf taxis
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4.6.12 cross_product

This function returns the vector, or cross, product of two ingitdctions. The inputdirections must

be three-dimensional and are normalised at the start of the computation. The result is alwelgs a
which is unitless. If the input directions are either parallel or anti-parallel, a vector of zero magnitude is
returned withvector.orientation asarg1l.

NJTE I Thisfunction does not provide geometric founding fontbetor returned, the caller of the the fynction
is esponsible for ensuring that it is used irepresentation with ageometric_representation_context

EXPRESS specification

FUNCTION cross_product (argl, arg2 : direction) : vector;

| OCAL
mag . REAL;
res . direction;

vliv2 : LIST[3:3] OF REAL;
result : vector;

END_LOCAL;
F ( NOT EXISTS (argl) OR (argl.dim = 2)) OR
( NOT EXISTS (arg2) OR (arg2.dim = 2))\ THEN
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] - vA[1]*v2[3])s(vL[1]*v2[2] - vi[2]*v2[1])]);
mag := 0.0;
REPEAT i := 1 TQJ3;
mag = mag '+ res.direction_ratios[i]*res.direction_ratios]i];
END_REPEAT,
IF (mag >0:0) THEN
result x=" dummy_gri || vector(res, SQRT(mag));

ELSE
result := dummy_gri || vector(argl, 0.0);
END_IF;
RETURN(result);
|:r\|n;
END_IF;

END_FUNCTION,;
(*
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Ar

gument definitions

argl: (input) Adirection defining the first operand in cross product operation.

arg2: (input) A direction defining the second operand for cross product.

result: (output) Avector which is the cross product @irgl andarg2.

4

b.13 dot_product

This function returns the scalar, or daj, (product of twodirections. The input arguments ¢an be

dir]

ections in either two- or three-dimensional space and are normalised at the start of the cpmputation.

Thee returned scalar is undefined if the inglitections have different dimensianality, or if either is

un

defined.

EXPRESS specification

T

UNCTION 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 functionyis called with invalid data an indeterminate result
is returned %)

E

156

ELSE
BEGIN
vecl := normalise(argl);
vec2 = normalise(arg2);
ndim = argl.dim;
scalar := 0.0;
REPEAT 1T = I TO ndimm;
scalar := scalar +
vecl.direction_ratios[i]*vec2.direction_ratiosi];
END_REPEAT,
END;
END_IF;
END_IF;

RETURN (scalar);
ND_FUNCTION;
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(*

Argument definitions

argl: (input) A direction defining first vector in dot product, or scalar product, operation.

ardyz: (input) A direction defining second operand for dot product operation.

SC

4.

Thiis function returns a&ector or direction whose components are normalisedto have a sum ¢

of
If t

Nd
the
co

EX

hlar: (output) A scalar which is the dot productarfgl andarg?2.

6.14 normalise

1.0. The output is of the same typdirection or vector, with the same 'units) as the input arg
he input argument is not defined or is of zero length, the output yector is undefined.

TE 1 This function does not provide geometric founding fordiection, or vector, returned, the ca
the function is responsible for ensuring that it is usedrepeesentation with ageometric_representati
htext

PRESS specification

T

(*

[UNCTION normalise (arg : vector_orldirection) : vector_or_direction;
LOCAL

ndim . INTEGER;

\Y; . direction;

result : vector_or_direction;

vec . vector;

mag . REAL;
END_LOCAL;

IF NOT EXISTS (arg) THEN

result :=.2;
When function is called with invalid data a NULL result is returned *)
ELSE

ndim := arg.dim;

f squares
ument.

ler of
on_-

IF 'GEOMETRY_SCHEMA.VECTOR' IN TYPEOF(arg) THEN

©!

BEGIN
v = dummy_gri || direction(arg.orientation.direction_ratios);
IF arg.magnitude = 0.0 THEN
RETURN(?);
ELSE
vec = dummy_gri || vector (v, 1.0);
END_IF;
END;
ELSE
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v = 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][i;
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
vec.orientation = v;
result := vec;

ELSE
result = v;

END_IF;

ELSE

RETURN(?);

END_IF;
END_IF;
RETURN (result);
END_FUNCTION;

(*

Argument definitions

arg: (input) A vector or direction to,benormalised.

regult: (output) Avector or direction which is parallel taarg, of unit 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 ascalar
and a ‘vector’ which may be eitherdirection or avector. The output is arector of the same uniits as
the inputvector; or unitless if adirection is input. If either input argument is undefined, the neturned

nction

EXPRESS specification

)
FUNCTION scalar_times_vector (scalar : REAL; vec : vector_or_direction)
. vector;
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LOCAL
\Y; . direction;
mag : 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);
mag := scalar * vec.magnitude;
ELSE
% := dummy_gri || direction(vec.direction_ratios);
mag = scalar;
END_IF;
IF (mag < 0.0 ) THEN
REPEAT i := 1 TO SIZEOF(v.direction_ratios);
v.direction_ratios[i] := -v.direction_ratios][il;
END_REPEAT,
mag = -mag;
END_IF;
result := dummy_gri || vector(normalise(v), mag);
END_IF;

RETURN (result);
ND_FUNCTION;

m

(*

Argument definitions

scalar: (input) A real numberto participate in the product.
veg: (input) A vector or direction which is to be multiplied.

regult: (output) Avector which is the product o$calarandvec

46.16 vector_sum

This funetion returns the sum of the input arguments. The function returns as a vector the|vector sum
of thestwo input ‘vectors’. For this purposhrections are treated as unit vectors. The input arguments
must both be of the same dimensionality but may be edirections orvectors. Where both arguments
arevectors, they must be expressed in the same units. A zero sum vector produeetmrof zero
magnitude in the direction @frg1. If both input arguments amirections, the result is unitless.

NOTE 1 This function does not provide geometric founding fontéetor returned, the caller of the the function
is responsible for ensuring that it is used irepresentation with ageometric_representation_context
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EXPRESS specification

)
FUNCTION vector_sum(argl, arg2 : vector_or_direction) : vector;
LOCAL
result . vector;

res, vecl, vec?2 : direction;

mag, magl, magZ . 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 := 1.0;
vecl = argl,;
END_IF;

IF 'GEOMETRY_SCHEMA.VECTOR’ IN _TYPEOF(arg2) THEN
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-IZ= 1 TO ndim;

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(maq));
ELSE
result := dummy_gri || vector( vecl, 0.0);
END_IF;
END;
END_IF;
RETURN (result);
END_FUNCTION;

(*

160 ©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

Argument definitions

argl: (input) A vector or direction defining the first operand in vector sum operation.

regult: (output) Avector which is the vector sum afrgl andarg2.

4.6.17 vector_difference

This function returns the difference of the input argumentsaagl(— arg2). The function returns as a
vegtor the vector difference of the two input ‘vectors’. For this purpdgections are treated as unit
vegtors. The input arguments shall both be of the same dimensionality but may bedeitcépns
or\ectors. If both input arguments arectors, they must be expressed in the same units; ifboth are
directions, a unitless result is produced. A zero difference vectorprodugestar of zero magnjtude

in the direction ofargl.

NOTE 1 Thisfunction does not provide geometric founding.fontbetor returned, the caller of the the fynction
is esponsible for ensuring that it is used irepresentation with 'ageometric_representation_context

EXPRESS specification

)
FIUNCTION vector_difference(argl{ arg2 : vector_or_direction) : vector;
LOCAL
result . vector;

res, vecl, vec?2 : direction;

mag, magl, mag2. :~REAL;

ndim . INTEGER;
END_LOCAL;

IF ((NOT _EXISTS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim)

THEN
RETYURN (?) ;
ELSE
BEGIN
H—GEOMETRY—SEHEMAMECTOR—IN—THRPESHargh—HEN
magl := argl.magnitude;
vecl := argl.orientation;
ELSE
magl := 1.0;
vecl = argl,;
END_IF;

IF 'GEOMETRY_SCHEMA.VECTOR’ IN TYPEOF(arg2) THEN
mag2 := arg2.magnitude;
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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;

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);
END_FUNCTION;

(*

Argument definitions

a

=

a

=

regult: (output) Avectorwhich is the vector difference afrgl andarg2.

46.18 default b _spline_knot_mult

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]);

il: (input) A vector or direction, defining first operand in the vector difference operation.

2: (input) A vector or direetion defining the second operand for vector difference.

This function\returns the integer list of knot multiplicities, depending on the type of knot vectpr, for the

B

bpline parametrisation.

EXPRESS specification

*)

FUNCTION default_b_spline_knot_mult(degree, up_knots : INTEGER;

uniform

LOCAL
knot_mult : LIST [l:up_knots] OF INTEGER;

162

. knot_type)

© LIST [2:?] OF INTEGER;
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END_LOCAL;

IF uniform = uniform_knots THEN
knot_mult := [1l: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
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);
ND_FUNCTION;

m

(*

Argument 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 functions.

u

>

form: (input) The type of basis function for which knot multiplicities are required.

knpt_mult: (output) A list ofiinteger knot multiplicities.

46.19 default-b_spline_knots

Thiis function retiins the knot vector, depending onkhet_type, for a B-spline parametrisation

EXPRESS specification

)
FUNCTION default_b_spline_knots(degree,up_knots : INTEGER;
uniform : knot_type)
: LIST [2:?] OF parameter_value;

LOCAL

knots : LIST [l:up_knots] OF parameter value := [0:up_knots];

ishift : INTEGER := 1;
END_LOCAL;
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IF (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;
RETURN(knots);

END_FUNCTION,;
(*

Argument definitions

d

D

gree: (input) An integer defining the degree of the B-spline-basis functions.

up| knots: (input) An integer which gives the number of Knot values required.

u

>

form: (input) The type of basis function for whichknots are required.

knpts: (output) A list of parameter values for the knots.

4.6.20 default_b_spline_curve weights

Thiis function returnsip_cp weights equal to 1.0 in an array of real.

EXPRESS specification

T

UNCTION default~b_spline_curve_weights(up_cp : INTEGER)
: ARRAY [O:up_cp] OF REAL;
RETURN([Z:up_cp + 1]);
END_FUNCTION;
(*

Argument definitions

up_cp: (input) An integer defining the upper index on the array of the B-spline curve weights required.

weights: (output) A real array of weight values.

NOTE This function is not used in this part of ISO 10303 but is defined here for use by applications.
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6.21 default_b_spline_surface_ weights

is function returns weights equal to 1.0 in an array of array of real.

EXPRESS specification

T

m

[UNCTION default_b_spline_surface_weights(u_upper, v_upper: INTEGER)
: ARRAY [O:u_upper] OF
ARRAY [0O:v_upper] OF REAL;
RETURN([[1:v_upper + 1]:u_upper +1]);
ND_FUNCTION;

pument definitions

the

W§

NG

4.

Thijis function checks the ‘parametrisation of a B-spline curve or (one of the directions of)

Su

These constraints are:

a)

b)

_upper: (input) An integer defining the upper index on.the array of the B-spline surface W

_bipper: (input) An integer giving the upper index:afthe number of weights required for the

red in theu direction.

v parameter direction.

ights: (output) A real array of array of weight values.

TE This function is not used in this part-of ISO 10303 but is defined here for use by applications|

.22 constraints_param_b_spline

face and returns TRUE if no inconsistencies are found.

Degree> 1.

Upper index on knots 2.

eights re-

surface in

a B-spline

c)
d)
e)

)

Upper index on control points degree.
Sum of knot multiplicities = degree + (upper index on control points) + 2.
For the first and last knot the multiplicity is bounded by 1 and (degree+1).

For all other knots the knot multiplicity is bounded by 1 and degree.

(©1SO 2008 — All rightsreserved

165


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

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;
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_cpcs 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 := 22TFO up_knots;

IF (knot_multfil] < 1) OR (knots[i] <= knots[i-1]) THEN
result <=FALSE;
RETURN(result);

ENDLIF;

K* := knot_mult[i];

IF (i < up_knots) AND (k > degree) THEN
result := FALSE;
RETURN(result);

END_IF;

IF (i = up_knots) AND (k > degree + 1) THEN

result := FALSE;
RETURN(result);
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END_IF;
END_REPEAT,
RETURN(result);

END_FUNCTION,;
(*

Ar

pument definitions

depree: (input) An integer defining the degree of the B-spline basis functions.
upl_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 surf
checked for consistency of its parameter values.
knpt_mult: (input) The list of knot multiplicities.
46.23 curve_weights_positive
This function checks the weights associated with the conirol points of a
rational_b_spline_curveand returns TRUE if they are-all positive.
EXPRESS specification
FIUNCTION 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.weightsfil-.<= 0.0 THEN
result = FALSE;
RETURN(result);
END/IF!
END <REPEAT;
RETURN(result);
END- FUNCTION,;

ace being

(*

Argument definitions

b:

(input) A rational B-spline curve for which the weight values are to be tested.

(©1SO 2008 — All rightsreserved
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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

EXPRESS specification

T

[UNCTION constraints_composite_curve_on_surface
(c: composite_curve_on_surface) : BOOLEAN;
LOCAL
n_segments : INTEGER := SIZEOF(c.segments);
END_LOCAL;

REPEAT k := 1 TO n_segments;
IF (NOT(GEOMETRY_SCHEMA.PCURVE’ IN
TYPEOF(c\composite_curve.segments[k].parent_gurve))) AND
(NOT(GEOMETRY_SCHEMA.SURFACE_CURVE'{N
TYPEOF(c\composite_curve.segments[k].parent_curve))) AND
(NOT(GEOMETRY_SCHEMA.COMPOSITE_CURVE_ON_SURFACE’ IN
TYPEOF(c\composite_curve.segmentsfk}.parent_curve))) THEN
RETURN (FALSE);
END_IF;
END_REPEAT,
RETURN(TRUE);
END_FUNCTION;

(*

Argument definitions

c: |(input) A compaosite curve on surface to be verified.

4.6.25 get_basis_surface

This function returns the basis surface for a curve as a a sairédces. For a curve which is|not a
cufve) on_surfacean empty set is returned.

EXPRESS specification

)
FUNCTION get_basis_surface (c : curve_on_surface) : SET[0:2] OF surface;
LOCAL
surfs : SET[0:2] OF surface;
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n . INTEGER,;
END_LOCAL;
surfs = [];
IF 'GEOMETRY_SCHEMA.PCURVE' IN TYPEOF (c) THEN
surfs := [c\pcurve.basis_surface];
ELSE
IF 'GEOMETRY_SCHEMA.SURFACE_CURVE’ IN TYPEOF (c) THEN
n := SIZEOF(c\surface curve.associated geometry);

REPEAT i := 1 TO n;
surfs = surfs +
associated_surface(c\surface_curve.associated _geometry]i]);
END_REPEAT,
END_IF;
END_IF;
F 'GEOMETRY_SCHEMA.COMPOSITE_CURVE_ON_SURFACE’' IN TYPEQOF (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.segmentsfil.parent_curve);
END_REPEAT,
END_IF;

END_IF;
RETURN(surfs);
END_FUNCTION;

(*

Argument definitions

c: |(input) A curve for'which thédvasis_surfaces to be determined.

suffs: (output) The set containing thmsis_surfaceor surfaces on whichlies.

4.6.26 surface_weights_positive

Thisfunction checks the weights associated with the control pointsatfanal_b_spline_surfacs

and

returns TRUE If they are all positive.

EXPRESS specification

*)
FUNCTION surface_weights_positive(b: rational_b_spline_surface) : BOOLEAN;
LOCAL
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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);

END_IF;

END_REPEAT,
END_REPEAT,
RETURN(result);
ND_FUNCTION;

m

(*

Argument definitions

b: [(input) A rational B-spline surface for which the weight valuées are to be tested.

4.6.27 volume_weights_positive

Tf‘lijs function checks the weights associated with\thie control pointsatfa@nal_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{/~= 0 TO b.u_upper;
REREAT j := 0 TO b.v_upper;

REPEAT k := 0 TO b.w_upper;

IF (b.weights[i][j][k] <= 0.0) THEN
result := FALSE;
RETURMN(resuit):;

END_IF;

END_REPEAT,
END_REPEAT,
END_REPEAT,
RETURN(result);
END_FUNCTION;

(*
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Argument definitions

b: (input) Arational_b_spline_volumefor which the weight values are to be tested.

4.6.28 constraints_rectangular_composite_surface

T

urface:

EX

is-functions-checks-the fnlln\Aling constraints-on-the attributesof a rnr\tangl Har r\nmpncitn

that the component surfaces are all either rectangular trimmed surfaces or B-spline’sur
that thetransition attributes of the segments array do not contain the value

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) : BOQLEAN;

(* Check the surface types *)
REPEAT i := 1 TO s.n_u;
REPEAT j := 1 TO s.n_v;
IF NOT ((GEOMETRY_SCHEMA.B_SPLINE_SURFACE’' IN TYPEOF
(s.segments]i][jl.parent_surface)) OR

aces,

hot closed

(GEOMETRY_SCHEMA.RECTANGULAR_TRIMMED_SURFACE’ IN TYHEOF

(s.segments]i][j].parent_surface))) THEN
RETURN(FALSE);
END_IF;
END_REPEAT,
END_REPEAT,

(* Check the tfansition codes, omitting the last row or column *)
REPEAT i ;=1 TO s.n_u-1;
REPEALY = 1 TO s.n_v;
IE<{sisegments][i][j].u_transition = discontinuous THEN
RETURN(FALSE);
END_IF;
END_REPEAT,

END_REPEAT;

REPEAT i := 1 TO s.n_u;
REPEAT j := 1 TO s.n_v-1,;
IF s.segments]i][j].v_transition = discontinuous THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
END_REPEAT,;
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RETURN(TRUE);
END_FUNCTION;

(*

Argument definitions

s: [(input) A rectangular composite surface to be verified.

4.6.29 list to_array

arfay bounds are incompatible with the number of elements in the original list, a null result iis returned.

TT functionlist_to_array converts a generic list to an array with pre-determiined array bounds. If the
This function is used to construct the arrays of control points and weights used in the b-spline entities.

EXPRESS specification

FIUNCTION list_to_array(lis : LIST [0:?] OF GENERIC : T;
low,u : INTEGER) : ARRAY [low:u] OF GENERIC : T;
LOCAL
n . INTEGER,;
res : ARRAY [low:u] OF GENERIC - T;
END_LOCAL;

n := SIZEOF(lis);

IF (n <> (u-low +1)) THEN
RETURN(?);

ELSE
res := [lis[1] : n];
REPEAT i = 2270 n;

res[low+i-1}>="lis[i];

END_REPEAT
RETURN(res);

END_IF;

END_FUNCTION;

(*

Argument definitions

lis: (input) A list to be converted.
low: (input) An integer specifying the required lower index of the output array.

u: (input) An integer value for the upper index.
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res: (output) The array generated from the input data.

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,
verifi -li ' ' if the input
a is incompatible with the dimensions. This function is used to construct the arrays of‘@gntrol points
d weights for a B-spline surface.

a

>

EXPRESS specification

T

UNCTION make_array_of array(lis : LIST[1:?] OF LIST [1:?] OF GENERIC : T,
lowl, ul, low2, u2 : INTEGER):
ARRAY [lowl:ul] OF ARRAY [low2:u2] 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 HINDEX(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_RUNCTION;

(*

Argument definitions

lis: (input) A list of list to be converted.
lowl: (input) An integer specifying the required lower index of the first output array.

ul: (input) An integer value for the upper index of the first output array.
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low2: (input) An integer specifying the required lower index of the second output array.
u2: (input) An integer value for the upper index of the second output array.

res: (output) The array of array with specified dimensions generated from the input data after verifying
consistency.

4.6.31 make array of array of array

The functionmake_array_of array_of array builds an array of arrays of arrays from-aist pf lists

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 correct numbers of elements. An
indeterminate result is returned if the input data is incompatible with the dimensions. This [function is
usgd to construct the arrays of control points and weights for a B-spline volume.

EXPRESS specification

T

UNCTION make_array_of array_of array(lis : LIST[1:?].OF
LIST [1:?] OF LIST [1:?] OF GENERIC : T;
lowl, ul, low2, u2, low3, u3 : INTEGER):
ARRAY[lowl:ul] OF ARRAY[low2:u2] OF ARRAY[low3:u3] OF GENERIC : T;
DCAL
res : ARRAY[lowl:ul] OF ARRAY [low2:2] OF
ARRAY[low3:u3] OF GENERIC : T;

—

END_LOCAL;

(* |[Check input dimensions for corsistency *)
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 := [maké array_of array(lis[1], low2, u2, low3, u3) : (ul-lowl + 1)];
REPEATN':= 2 TO HIINDEX(lis);

IF «@wi2dow2+1) <> SIZEOF(lis[i) THEN

RETURN (?);

END_IF;

resftowIFi-1f = make_array_of_array(iis{if, Tow2, u2, Tow3, u3);
END_REPEAT,

RETURN (res);
END_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

loy

. (input) An integer value for the upper index of the first output array.

2 (innub) Aninteaer shnecifvinathe reauired lowerindex of the second. ol |fp| 1t array
AR s ) g pALRSS |

u2
oV
u3

reg
ve

4

b.32 above plane

(input) An integer value for the upper index of the second output array.
v3: (input) An integer specifying the required lower index of the third output array:

(input) An integer value for the upper index of the third output array.

rifying consistency.

T

is function tests whether, or not, focartesian_point are ¢oplanar. If the input arguments g

. (output) The array of array of array with specified dimensions generated from the inpuf data after

re two-

dimensional an indeterminate result is returned. The fungtion returns a zero value if the input arguments

ar¢ 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 negativeresult indicates that the fourth point is below this
plane. Above is defined to be the side from which the the 160B, P; appears in counter-clogkwise
orgler.
EXPRESS specification
)
FIUNCTION above plane(pl-p2, p3, p4 : cartesian_point) : REAL;
LOCAL
dir2, dir3, dir4 ~direction :=
dommy_gri || direction([1.0, 0.0, 0.0]);
val, mag . REAL;
END_LOCAL:
IF (pi.dim <> 3) THEN
RETURN(?);
END_IF;
REPEAT +——=—1TF6-3;
dir2.direction_ratios[i] := p2.coordinates[i] - pl.coordinatesi];
dir3.direction_ratios[i] := p3.coordinates[i] - pl.coordinatesi];
dir4.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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E
(*

ND_FUNCTION;

Argument definitions

pl: (input) The firstcartesian_pointto be tested as a member of a coplanar set.
p2} (input) The secondartesian_pointto be tested as a member of a coplanar set.
p3} (input) The thirdcartesian_pointto be tested as a member of a coplanar set.
p4t (input) The fourthcartesian_pointto be tested as a member of a coplanar set.
val: (output) The result of the coplanar test, if zero the foartesian_point are coplanar, othgrwise
the sign ofvalue indicates if p4 is above (positive), or below (negative) the plane of p1, p2, and p3.
4.6.33 same_side
Thijis function tests whether, or not, a list of 2 or more test points are on the same side of plane defined
by[three given points. If the input arguments are two-dimensional an indeterminate result s returned.
Thie function returns TRUE if thist_pointsall lie on the.same side of the plane definedotgne_[pts
FALSE indicates that theest_pointsare not all on the same side of this plane.
EXPRESS specification
)
FIUNCTION same_side(plane_pts ¢ LIST [3:3] of cartesian_point;
test_points : LIST [2:?] of cartesian_point) : BOOLEAN;
LOCAL
vall, val2 : REAL;
n . INTEGER,;
END_LOCAL;
IF (plane_ptsfl)dim = 2) OR (test_points[1l].dim = 2) THEN
RETURN;
END_IF;
n := SIZEOF(test_points);
vall\i= above_plane(plane_pts[1], plane_pts[2], plane_pts[3],
test_points[1] );
REPEAT T =—2"TOTm;
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);
END_FUNCTION;
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(*

Argument definitions

plane_pts: (input) The LIST of 3cartesian_point defining the plane used in the test.

test—points.(input) The LIST ofcartesian—poins-to be tested for the propertyv of Iving-on-the same
= AW M ProPeTey g

side of the plane.

regult: (output) The result of the test, if TRUE all thiest_pointsare on the same side ¢f|the plane; if
FALSE one or more of these points lies in the plane or on the wrong side of the plane.

EXPRESS 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

(02)

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 10303-43

NOTE 2 See annex D, Figures D.14-D.16, for a graphical presentation of this schema.
501 Introduction

Thr/e topology resource model has its basis-in boundary representation solid modelling but cgn be used in
other application where an explicitmethod 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 d#tghnéth the intention|that
additional constraints will be specified by the using entity or by a defined context in which the entity

e topolagical entities have been defined in a hierarchical manner witrettex being the prinjitive
enfity. That is, all other topological entities are defined either directly or indirectly in terms of yertices.

Edech-entib-has-its-own-set-of-constraints—A-higherlevel-entitv-mav-imbose-constraints-on-allower-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 aextex, 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_seind 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.

178 ©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

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.

521 Geometric associations

metric con-

Many of the topological entities have a specialised subtype which enables them to be\ass|
gepmetric data. This association will be essential when communicating boundary-represe
madels. The specialised subtypesveftex, edgeandface arevertex_point, edge_curve andfaq
suffacerespectively. For thedge_curveandface_surfacehe relationship between the geometr

ociated with
ntation solid
e_-

csense

and the topological sense of the associated entities is also recorded. Thekey concept relating geometry

to fopology is the domain. The domain opaint, curve, or surfaceis just that'point, curve, or su

rface.

Thie domain of arertex, edge or faceis the corresponding point, curve ersurface. The domair@da

or path is the union of the domains of all the vertices and edges ihabigor 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 this'is a surface.) The domain of

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 asgeometrical 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 domain-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” are
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 [L-manifolds are the real line and the unit circle. A *Y”-shaped figure is not a 1-manifold, ang
the clased unitinterval. A 2-manifold is a non-self-intersecting surface which does notinclud

ectedness or
e domain of

if it

joisa

his standard,
ever, the part
or face shall

identical
1 that the

Examples
neitheris
b boundary

cufves. Examples of 2-manifolds include the unit sphere and the ope#(disk 0) : 2?2 + y* <

1.

The closed disK (z, v, 0) : 2 4+ y* < 1} Is not a manifold. The domains of edges and paths, |
are 1-manifolds. The domains of faces and closed shells, if present, are 2-manifolds.

present,

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.
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The boundary of al-manifold with boundary is dd — 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 beundary is empty, but the su
fined in this standard must be orientable.

T
T

term “genus” refers to an integer-valued functignused 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 homeomorphict® . For example, the genus of a sphere is 0, and the genus of a toru
is
to @ closed surface is the operation that corresponds to drilling a tunnel through the three-
volume bounded by that surface. This can be viewed #$nguout two disks and connectin

boundarieswith a cylindrical tube. Handles should not be confused with holes. As used in th

[ 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 neither 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 Iqg
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 tg

dentical to the standard technical term “genus of a surface” from algebraic topology. Addi

fed with the
icalto the
are a sphere
surfaces are
[, is an open

\use they are
example, the
fined in this
face is not
pen shell as

pf an entity.

op, path, or
maolt is

the number
itgelf by

produce a
5is 1. This
g a handle
dimensional
) their

is standard,

the term-hole” corresponds to the intuitive notion of punching a hole in a two-dimensional slirface.

domain with a disk. The resulting surface is a closedasgf for which genus is already define

this number for the genus of the open surface.

5.2.2 Associations with parameter space geometry

A fundamental assumption in this clause is that the topology being defined is that of model
geometry of curves and points can also be defined in parameter space but, in general, th

180
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d. Use

space. The
e 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 (ioziented_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
underlay the faces bordering on the edge. In a manifold solid the geometry ofeslgeig define twice,

onge for each of the twfaces which border on thadge

Asgsociating 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 as‘the apex of a cone.

Rdgal space modelling systems do not associate parametric space curveackitttdge use nor do they
allpw 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
madelling 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 onlylone
pcurve is associated with'thadge_curve

b)| Theedge_ geometryattribute of anedge_curvecan reference aurface_curve or a subtype of
surface_curyve 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 aredge curvecan reference a curve (nofpaurve), then asgoci-
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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NOTE 1 For applications where the real space modelling systems are not required to understand parametric
space curves, the parametric space modelling systems should be required to use only the third technique described
above. Then, even if thecurves are ignored, the real space modelling system will have the correct geometry
associated with akdge_curve.

NOTE 2 Given thepcurves of anedge_curve determining whichoriented_edgea pcurve shall be associated
with is a matter of matching (:=:) thleasis_surfaceof the pcurve with the face_geometryof the face bound

by
pal
ch

5.

A
lar]
co

Ea
thg
thq
co
tra
alt

Th
in

EV

wh

thatoriented_edage If two or morepcurves are associated with the samdge curveand are defined

ametric space of the same surface, determining wdrieimted edgethe pcurve is associated withrre
pcking connectivity of thpcurves in parametric space.

.3 Graphs, cycles, and traversals

connected component of a graph is a connected subset of the graph which is not cont
per connected subset. We denoteMiythe multiplicity of a graph, that is, the number of con
mponents. Thus, a graph is connected if and only i 1.

ch component of a graph can be completely traversed, starting and ending at the same
it every edge is traversed exactly twice, once in each direCtion, and every vertex is “pasy
b same humber of times as there are edges using the vettex. If an (edge + edge traversg
hsidered as a unit, each unique (edge + direction) cembination shall occur once and only
versal of a graph. During the traversal of a graphtit will be found that there are one or n
brnating vertices and (edge + direction) units that-form closed cycles.

e symbolG will denote thegraph genuswhich is, intuitively, the number of independent
he graph. (Technicallyy is the rank of the fundamental group of the graph.)

ery graph satisfies the followingEuler equation
V- -(M-G)=0

ereV and¢ are the numbers of unique vertices and edges in the graph.

in the
guires

hined in any
nected

vertex, such
ed through”
| direction) is
once in the
ore sets of

cycles

(1)

NOTE The followinggraph traversaklgorithm, [9], may be used to traverse a graph and complutad({.
a)| SetM.andd to zero.
b)| Start at any (unvisited) vertex. If there is no unvisited vertex, STOP. Mark the verigsitesl Increment
V. Traverse any edge at the vertex, marking the edge with the travel direction. 1”
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 asitlemt 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 veifekas previously been visited, incremént
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— Select an exit edge from the vertex according to the following rules:

E)

1) No edge may be selected that has previously been traversed in the direction away from the vertex

Q.
2) Select any edge, except the advent edge,dhat meets rule (c1).

3) Ifnoedge meets rule (c2), select the advent edge.

d

~

5.

5.

Thie constandummy _tri is a partial entity definition to be used when typesogfological_represe

tio

EX

— Traverse the selected exit edge and mark it with the travel direction.

If no edge was selected in the previous step, go to step b, else go to step c.
3 Topology constant and type definitions

3.1 dummy_tri
h_item are constructed. It provides the correct supertypes anaiaime attribute as an empty g

PRESS specification

O

(*

5.

ONSTANT
dummy_tri : topological _representation-item := representation_item(")||
topological_representation_item();
ND_CONSTANT;

3.2 shell

T

have the charaeteristics of a shell.shellis a connected object of fixed dimensionality= 0, 1, g
typically used'to bound a region. The domain of a shell, if present, includes its bountis@Bd<
A shell ofidimensionality is represented by a graph consisting of a single vertex. The verte
have any associated edges.

is type collectstogether, for reference when constructing more complex models, the sub

nta-
tring.

types which
r2,

0.

shall not

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.

©
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EXPRESS specification

*

)

TYPE shell = SELECT
(vertex_shell,
wire_shell,
open_shell,

ClIOSed_Shett);
END_TYPE;

(*

5.3 reversible_topology_item

This select type specifies all the topological representation items whi¢hcan participate in th

of feversing their orientation. This type is used by the functionditional_reverse

EXPRESS specification

TIYPE reversible_topology_item = SELECT

(edge,
path,
face,
face_bound,
closed_shell,
open_shell);
END_TYPE;
(*
5.8.4 list of Teversible topology item

Thiis special type-defines a list of reversible topology items; it is used by the function
lis{ of topelagy reversed

EXPRESS specification

)
TYPE list_of reversible topology item =

LIST [0:?] of reversible topology item;
END_TYPE;

(*

e operation
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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 furopotoqy_-
reyersed

EXPRESS specification

TIYPE reversible_topology = SELECT
(reversible_topology_item;

list_of reversible topolagy_item,
set_of_reversible_topology_item);
END_TYPE;

5.4 Topolagy entity definitions

Thijs clause-cantains 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 afepresentation_itemthere is an implicit and/or relationship betwegeometric_rep-
resentation_itemandtopological_representation_item The only complex instances intended to be created are
edge_curve face_surface, angertex_point.
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NOTE 2 The definition otopological_representation_itemdefines an and/or relationship betwdenp and
path. The only valid complex instance is tieelge_loopentity.

EXPRESS specification

m

m

(*

Informal propositions

NTITY topological_representation_item

SUPERTYPE OF (ONEOF(vertex, edge, face_bound, face, vertex_shell,
wire_shell, connected_edge_set, connected_face_set,
(loop ANDOR path)))

SUBTYPE OF (representation_item);

ND_ENTITY;

IP1: For eachtopological_representation_item consider théset afertex_points,

ed
toy
no|
ha

5.

A

Thie domain of a vertex, if present; is a point in m dimensional real sR&cehis is represented

ve

EX

ge_curve, andface_surface that are referenced, eitherdirectly or recursively, from that
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.

.2 vertex
vertex is the topological constrict corresponding to a point. It has dimensionality 0 ang

[tex_point subtype.

PRESS specifieation

m

m

NTITY vertex
SUBTYPE OF (topological_representation_item);
ND ENTITY;

clude the
this set shall

| extent O.
by 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.

186
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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

Infl

[tex_geometry: The geometric point which defines the position in geometric space of the

prmal propositions

IP

5.

An
Str]
pré
Th
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
e bounds of aedgeare two vertices, which need not be distinct. The edge is oriented by
traversal direction te,ran from the first to the second vertex. If the two vertices are the san
h self-loop. Theddomain 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
ge curvesubtype. The curve shall be finite and non-self-intersecting within the domain of
edgeisa.graph, so its multiplicity/ and graph genu§® may be determined by the graph tr
orithim="SinceM = £ = 1, the Euler equation (1) reduces in this case to

ertex.

More ab-
an edge, if

jfold.

choosing
e, the edge
with

ted by the
the edge.
aversal

A3}

yARI-AY 0
vV O — Y

{

whereV = 1or2,andG¢ =1 or0.

Specifically, the topological edge defining data shall satisfy:

An edge has two vertices,
[EV] =2

(©1SO 2008 — All rightsreserved
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— The vertices need not be distinct,
L<[E{V} <2

— Equation 2 shall hold
[E{V}|-2+G =0

edge_geometry
\ edge leng

\——— edge_start

Figure 21— Edge curve

EXPRESS specification

m

NTITY edge

SUPERTYPE OFR(GQNEOF(edge curve, oriented_edge, subedge))
SUBTYPE OFE-(topological_representation_item);

edge_start »Hvertex;

edge_end . vertex;
END_ENTHILY;
(*
Attribute definitions

edge_start: Start point yertex) of theedge

edge_end: End point gertex) of theedge The sameertex can be used for bottdge_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 edge_curveis a special subtype of edge which has its geometry fully defined. The)geometry is
defined by associating the edge with a curve which may be unbounded. As the topolagical annd geometric
directions may be opposed, an indicatsarhe_senges used to identify whether the edge anf curve
directions agree or are opposed. The Boolean value indicates whetleemieedirection agreeq with
(TRUE) or is in the opposite direction (FALSE) to thdgedirection. Any geometry~associated with the
veftices of the edge shall be consistent with the edge geometry. Multiple.edges can referefce the same
cufve.

EXPRESS specification

m

NTITY edge_curve

SUBTYPE OF(edge,geometric_representation_item);
edge_geometry : curve;

same_sense . BOOLEAN,;

ND_ENTITY;

m

(*

Atlribute definitions

edpe_geometry:The curve which defines the shape and spatial location of the edge. This curve may be
unpounded and is implicitly timmed by the vertices of the edge; this defines the edge domajn.

same_senseThislogical flag indicates whether (TRUE), or not (FALSE) the senses adbeand the
cufve definingthe edge geometry are the same. The sense of an edge is from the edge star vertex to the
edpe end vertex; the sense of a curve is in the direction of increasing parameter.

NQTE “\See Figure 21 for illustration of attributes.

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.
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IP3: An edge_curves a manifold.

IP4: An edge_curves arcwise connected.

IP5: The edge start is not part of the edge domain.

IP6: The edge end is not part of the edge domain.

IP7: Vertex geometry shall be consistent with edge geometry.

5.

An
fla
thq
ed

NQ
of

tra
ed

EX

/.6 oriented_edge

oriented_edgeis anedge constructed from anothexdgeand contains a BOOLEAN orien
j to indicate whether or not the orientation of the construetige agrees with the orientat
 originaledge Except for possible re-orientation, tleeiented_edgeis equivalent to the or

e

TE A common practice in solid modelling systems is to have an entity thiat represents the “use” d
An edge This “use” entity explicitly represents the requirement in a manifold solid ¢hah edge m
ersed exactly twice, once in each direction. The “use” fundiigigprovided by theedgesubtypeorientd
e

PRESS specification

m

m

(*

NTITY oriented_edge

SUBTYPE OF (edge);

edge_element : edge;

orientation : BOOLEAN;

ERIVE

SELF\edge.edge_start : wvertex := 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);

HERE

ND_ENTITY;

WR1: NOT (TOPOLOGY_SCHEMA.ORIENTED_EDGE’ IN TYPEOF (SELF.edge_element));

tation
on of
ginal

r “traversal”
Ist be
d_-

~

Attribute definitions

edge_element: edgentity used to construct thigiented_edge

orientation: BOOLEAN. If TRUE, the topological orientation as used coincides with the orientation,

fro

190

m 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 eflde _element
after taking account of therientation

Formalpropositions
il

WR1: Theedge_elemenshall not be amriented_edge

5.4.7 seam_edge

A seam_edges a type oforiented_edgewhich, additionally, identifies a corfespondipgurve| A
sepm_edgés always related to aadge_curvehaving aseam_curveasedge_geometry Theseam_-
edpeidentifies which, of the twcurves defining theseam_curve is appropriate for thisrientgd

edpe

NOTE The inheritearientation attribute refers to the relationship'te thdge_elemenaind not to the sepse of
thgpcurve.

EXPRESS specification

*)

m

NTITY seam_edge
SUBTYPE OF (oriented_edge);
pcurve_reference : pcurve ;
WHERE
WR1 : ( 'TOPOLOGY_SGHEMA.EDGE_CURVE' IN TYPEOF (edge_element) ) AND
(TOPOLOGY_SCHEMA.SEAM_CURVE' IN TYPEOF
(edge_element\edge_curve.edge_geometry)) ;
WR2 : pcurve_reference 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 g#tge _element

Formal propositions

WR1: Theedge_elemenattribute of this type of oriented edge shall bgeam_curve
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WR2: Thepcurve_referenceshall be one of thpcurvesin theassociated_geometriist of theedge_ -
element

5.

Th

4.8 subedge

A subedgeis an edge whose domain is a connected portion of the domain of an exddtieg

EXPRESS specification

ENTITY subedge
SUBTYPE OF (edge);
parent_edge . edge;
END_ENTITY;
(*
Atlribute definitions
pajent_edge: Theedge or subedge which contains theubedge

Informal propositions

IP
by
IP

|: The domain of thesubedgeis formally defined to be the domain of tharent_edge as trim
thesubedge.start_vertexandsubedge.end_vertex

p: Thestart_vertex andend_vertexshall be within the union of the domains of the vertice

parent_edgeand the domain of thparent_edge

med

s of the

path (TRUE) oris in the opposite dlrectlon (FALSE)

An individualedgecan only be referenced once by an individpath.

An edgecan be referenced by multipbaths. Anedgecan exist independently ofgath.

192
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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 formphit.

Formal propositions

WR1: The end vertex of eaatriented_edgeshall be the Same as the start vertex of its successor.

Informal propositions

IP1: A path has dimensionality 1.
IP2: A path is arcwise connected.
IPB: The edges of the path de-fiot 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.

54.10 oriented_path

An oriented."pathis apath constructed from anotheath and contains a BOOLEAN orientation
indicate'Whether or not the orientation of the construgiatth agrees with the orientation of the 9
pathExcept for perhaps orientation, tbeented_pathis equivalent to the othgrath.

flag to
riginal

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 gdath such that a traversal of the path visits each of its|vertices
expctly once. In particular, the-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-&—-1=0 3)

whereV and & are the number of unique vertices and edges in the path. Specifically, the fopological
attfibutes of gath shall meet the following constraints:

—

—| Thesedges 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 supertypée:

rmal propositions

Infl

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_pathuvisits 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 topolggieal 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) ah®E < oc.

R1: The start vertex of the first edge shall not ceincide with the end vertex of the last edge.

structed
will occur

pcted (ori-
erisionality
I loop is a
Df its begin-

Aloop is represented by a single vertex, or by an ordered collectiori@rfited _edge, or by an ordered

co

llection of points.
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A loop is a graph, sd/ 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_00p, zero extent.

IP2: A loop describes a closed (topological) cusve with coincident start and end vertices.

5.4.13 vertex_loop

A yertex_loopis aloop of zero genus consisting of a singlertex. A vertex can exist independently of
avertex_loop The topologicakdata 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 entiteop.

Informal propositions

IP
P

5.

Anedge_loops aloop with nonzero extent. It is path in which the start andiend vertices are th

Its

EXPRESS specification

|: A vertex_loophas zero extent and dimensionality.

P: Thevertex_loophas genus 0.

1.14 edge_loop

domain, if present, is a closed curve. édge_loopmay overlap itself.

ENTITY edge_loop

SUBTYPE OF (loop,path);
DERIVE

ne : INTEGER := SIZEOF(SELF\path.edgedist);
WHERE

m

(*

Atlribute definitions

WR1: (SELF\path.edge_list[1].edge_start) :=:
(SELF\path.edge_list[ne].edge-.end);
ND_ENTITY;

ne

Fo

The number of elements in the edge list of the path supertype.

rmal propositions

e same.

W

I Thestartvertex of the firstedge shaftbe the same as the end vertex of the tastedge.

that the path is closed to form a loop.

Informal propositions

IP1: The Euler formula (see equation (4)) shall be satisfied:

(©1SO 2008 — All rightsreserved
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P2

(number of vertices} genus— (number of edges) = 1;

: No edgemay be referenced more than once by the sadge_loopwith the samerientation.

5.4.15 poly_loop

A poly_Toopis a Toop with straight edges bounding a planar region in spaqaoiA loop1s aloop of

gehus 1 where the loop is represented by an ordered coplanar collechomts forming the{vettices

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.

T
o

=

direction of the loop is in the direction of the line segments. Unliketye_loopentity, the edges
hepoly_loopare implicitly defined by thg@olygonpoints.

NQTE 1 This entity exists primarily to facilitate the efficient communicatioregtedooundary representation

mddels.

A poly_loopshall conform to the following topological constraints:

EX

The loop has a genus of one.

Equation (4) (see 5.4.12) shall be satisfied
[V AHES =0

PRESS specification

m

m

(*

Atl

NTITY poly_loop

ND_ENTITY;

SUBTYPE OF (loop,geometric_representation_item);
polygon : LIST [3:2]"OF UNIQUE cartesian_point;

ribute-definitions

poty

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
straight lines joining consecutiym®ints in thepolygon.
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NOTE 2 The polyloop has vertices andented_edge which are implicitly created. If, for example, A and B

are consecutive points in thlygon list, 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.

5.4.16 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 definedotfentation is FALSE, the senses of all its component ariented
edpes are implicitly reversed when used in thed.

5.4.17 face aquter _bound

A face_outer_boundis a special subtype ¢dce_boundwhich carries the additional semantics gf defin-
ing an outer baundary on the face.féce outer_boundshall separate the interior of tlfi@ce from|the
exterior angd-shall enclose the interior domain offdae2 No more than one boundary oface shall be
of this type:

EXAMPLE 1 Any edge_loopon a plane surface may be used to defifiace_outer_boundprovided it i$ not
enclosed In any other foop in thace

EXAMPLE 2 A circular loop on acylindrical_surface cannot define dace_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
su
faq
of
fag
on
us
of
the outer loop. Because the face domain is arcwise connécted, no inner loop shall contain ar
This is true regardless of which embedding in the plang'is chosen.

face is a topological entity of dimensionality corresponding to the intuitive-hotion of a p
rface bounded by loops. Its domain, if present, is an oriented, connected, finite 2-manift
e domain shall not have handles, but it may have holes, each hole bounded by a loop.
the underlying geometry of the face, if present, does not contain-its’bound$, an& < oo
e is represented by its bounding loops, which are definéatas bounds. A face shall have a
e bound, and the bounds shall be distinct and shall not intersecto@pmis optionally distinguig
ng theface_outer_boundsubtype, as the “outer” loop of theface. If so, it establishes a prefé

peometric surface may be associated with the‘\face. This may be doneitekghiough thefag
[face subtype, or implicitly if the &ces are_defined kyoly _loops. In the latter case, the sun
b plane containing the points of tphely Joops. In either case, a topological normmals assoc
h the face, such that the cross prodick t points toward the interior of the face, whetras

entity with a BOOLEAN flag te-signify whether the loop direction is oriented correctly with r
the face normal (TRUE) or 'should be reversed (FALSE). For a face of the sutatypesurface
topological normal n is defined from the normal of the underlying surface, together with the B
attributesame_sensend this in turn, determines on which side of the loop the face interior |
the cross-product rule described above.

Wien avertex-toopis used as dace_boundthe sense of the topological normal is derived fH
other bounding loops, or, in the case ofage_surface from theface_geometryand thesame_s
. If theface has only one bound and this is of typertex_loop, then the interior of théaceis

ece of

dAn

The domain
A
least

bhed,

erred way

embedding the face domain in the plane, in which the othér bounding loops of the face are “inside”

y other loop.

e -
face is
ated

the

hen viewed
und

bspect to
the
OOLEAN
es, using

om any
ense
the

domain of theface_surface.face_geometryin such a case the underlying surface shall be clg

sed (e.g.

aspherical_surrace)

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, th

e 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. Thesgicoadtogether 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=8 = (L= (G) =0 ©)

whereG! is the graph genus of théh loop.

Mare specifically, the following topological constraints shall be met:

—| The loops are unique

(ENL} = (1)[L]
—| Inthelist((#)[L])[£] an individual edge occurs no more than twice-

—| Eachoriented_edgeshall be unique

() LDEY = ((F)[L]E]

—| Equation (5) shall be satisfied

(AL DEDIVH A+ (AL DV (O = (B[ + 36" =0

EXPRESS specification

m

NTITY face

SUPERTYPE OF(ONE@FK(face_surface, subface, oriented_face))

SUBTYPE OF (topological representation_item);

bounds : SET[1:?}-©F 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_ENTIFY;

Attribute definitions

bounds: Boundaries of théace no more than one of these shall blaee_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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Fo

rmal 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 thdvoundsshall be of typdace_outer_bound.

Inf]

rmal nronasitions
PP

IP;

|: No edge shall be referenced by the face more than twice, or more than once in the san
p: Distinctface_bound of theface shall have no common vertices.
B: If geometry is present, distinct loops of the same face shall not intersect

l: 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

5.

A

po
ho
en
ge
to

dir
thq

EX

b: Eachloop referred to inboundsshall be unique.

1.19 face_surface

face_surfaceis a subtype of face in which the geometry is defined by an associated su
rtion of the surface used by the face shall be embeddable in the plane as an open disk,

beddable in the plane. It may, for example; cover an entire sphere or torus. As both ¢
pmetric surface have defined normal directions, a BOOLEAN flag (the orientation attriby
ndicate whether the surface normal agrees with (TRUE) or is opposed to (FALSE) the f
 surface geometry, in the sense'that the domains of all the vertex points and edge curves

he face geometry surface. irfacemay be referenced by more than daee_surface

PRESS specification

m

NTITY facessurface

SUBTYPE OF(face,geometric_representation_item);
facergeometry : surface;

same_sense . BOOLEAN;

ne direction.

rface. The
bossibly with

es. However, the union of the face with the.edges and vertices of its bounding loops meed not be

n face and a
te) is used
ace normal

pction. The geometry associatedwith any component of the loops of the face shall be cofpsistent with

are contained

HERE

E
(*

202

WR1: NOT (GEOMETRY_SCHEMA.ORIENTED SURFACE’ IN TYPEOF(face geometry));
ND_ENTITY;
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Attribute 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

att

(F

Fo

ributeSELF\face.bounds

same_senseThis flag indicates Whether the sense of the surface normal agrees with (TRUE), or opposes

rmal propositions

Infl

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 notinclude the bounding loops.

p: A face_surfacehas nonzero finite extent.
B: A face_surfacels a manifold.

l: A face_surfaceis arcwise connected.

b: A face_surfacehas surface genus 0.

b: The loops are not part of the face.domain.

[ Loop geometry shall be consistent with face geometry. This implies thaedgg curve
[tex_points used in defining the Joops 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.

b Or

g to indi-
bd in the face

EXPRESS specification

)
E

D

(©1SO 2008 — All rightsreserved

NTITY oriented_face
SUBTYPE OF (face);
face_element : face;
orientation : BOOLEAN;
ERIVE
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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;

Atlribute 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

inds: The bounds of th@riented_face are derived from those ©of\thiace_elementafter ta
count of the orientation which may reverse the direction of these bounds.

rmal propositions

W

5.

A

R1: Theface_elemenshall not be amriented_face

4,21 subface

bubfaceis a portion of the domain office or anothesubface

Thie topological constraints onsalbfaceare the same as orface

EX

PRESS specification

m

NTITY subface
SUBTYRE 'OF (face);
parent.face . face;
HERE

lee -

king

WR1: NOT (mixed loop type set(list to set(list face loops(SELF)) +

E
(*

204

list_to_set(list_face_loops(parent_face))));
ND_ENTITY;
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Attribute definitions

parent_face: Theface (or subface which contains theubfacebeing defined bysELF\face.bounds

Fo

rmal propositions

W

Informal propositions

R1: The type ofloops in thesubfaceshall match the type abops in theparent_faceentity.

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.

mains of the parent face’s bounding loops.

.22 connected_face_set

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

trimmed by

p: All loops of the subface shall be contained in the union of the domain of the parent face and the

connected_face_sds a set offaces such that the domain of the faces together with their pounding

faces: Set offaces arcwise connected along commeniges orvertexs.

Informal propositions

IP1: The union of the domains of tfaces and their boundintpops shall be arcwise connected.
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5.4.23 vertex_shell
A vertex_shellis ashellconsisting of a singleertex_loop. A vertex_shell_extenshall be unique.
A vertex_loopcan only be used by a singlertex_shell

A vertex_loopcan exist independently ofwertex_shell

EXPRESS specification

m

NTITY vertex_shell

SUBTYPE OF (topological_representation_item);
vertex_shell_extent : vertex_loop;

ND_ENTITY;

m

(*

Atlribute definitions

ve[tex_shell_extent: Singlevertex_loopwhich constitutes the extent of this typesifell.

Informal propositions

IP1: The extent and dimensionality ofvertex_shellare both zero.

IP2: The genus of aertex_shellis 0.

54.24 wire_shell

A Wire_shell is ashell of dimensionality 1. A wire shell can be regarded as a graph constructed of

veftices and edges. However, it is not represented directly as a graph, but indirectly, as a set of loops. It
is the union of the vertices and edges of these loops that form the graph. The domain of a wire shell, if
present, istypically not a manifold.

Twio restrictions are placed on the structure of a wire shell.

a) The graph as a whole shall be connected.

b) 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.

206 ©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

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 thaeds of a closed shell automatically obewdition (b), but need not

be connected. However, the faces of a closed shell can alwaybhb®iled 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, thé'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.
(SHL} = (SY)[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.

[((SIDIE] = 2[(SHLDLEY

—| Each oriented edge shall be unique.

(S)EEY = ((S)[LD)[E]

—| Equation (6) shall be satisfied:
(S AEDLEDAVEH = [(S)EDLEH -1+ G =0

EXPRESS specification

m

NTITY wirézshell

SUBTYRE OF (topological_representation_item);
wirershell_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 mixturpalf/ _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.

IP5: Theloops defining thewire_shell_extentdo not intersect except at commedges orvertexs

5.4.25 open_shell

An open_shellis a shell of dimensionality2. Its domain, if present, is a finite, connected, griented,
2-manifold with boundary, but is not a closed surface. It.can be thought otksed_shellith pne
or|more holes punched in it. The domain of an open-shell sati3fiessE < oo. An open shell is
functionally more general thanface because its domain can have handles.

Thie shell is defined by a collection fafces, whichsmay beriented_faces. The sense of each facg, after
taking account of the orientation, shall agree with the shell normal as defined belovari€httion
cap be supplied directly as a BOOLEAN-attribute of@iented_face or be defaulted to TRUE[if the
shell member is éacewithout the orientation attribute.

Thie following combinatorial restrictions on open shells and geometrical restrictions on thgir domains

are designed, together with the-informal propositions, to ensure that any domain associated|with an open
shgll is an orientable manifold.

—| Each face referenee shall be unique.
—| An open_shellshall have at least orface

—| A givenfacemay exist in more than ongpen_shell

e referenced on ola 1::.?!% nd;
(loops) of its faces, together with all of their vertices. The domain of an open shell, if present, contains
all edges and vertices of its faces.

NOTE Note that this is slightly different from the definition of a face domain, which includes none of its bounds.
For example, a face domain may exclude an isolated point or line segment. An open shell domain may not. (See
the algorithm for computings below.)
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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, andffages,
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.
—| 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
condition 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 cedg@ein 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.

[((CSHEDALTDLEDAV + [SOEDLLIIAV I = 1S FD{LH{ES
— [((S)[FN[L]| + B is even and< 2 — 2|(:5°)[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_mare than twice bfatiee bound of| the
fages.

IP2: Eachoriented_edgereference shall be unique.

IPB: Noedgemay be referenced by more than tfeces.

IP4: Distinctfaces of the shell do not intersect; but may shedges, or vertices.
IPH: Distinctedges do not intersect, but may share vertices.

IP6: The Euler equation shall be satisfied.

IPY: Theopen_shellshall be an.oriented arcwise connected 2-manifold.
IP8: Theopen_shellshall contain at least one hole.

IP9: The topological normal to eaclace of the open_shellshall be consistent with the topological
nofmal 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-
entation of the originabpen_shell EXCEpPL for pernaps orientation, tbaented_open_snelis 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 orieitation.

Formal propositions

WR1: The type ofopen_shell_elemenshall not be amriented_open_shell

5.4.27 closed_shell

A tlosed_shelis ashell of dimensionality2 which typically serves as a bound for a regioniff A

clgsed shell has no houndary, and has non-zero finite extent. If the shell has a domain with coordinate
sppceR?, it dividesthat space into two connected regions, one finite and the other infinite. I this case,
the topological nermal of the shell is defined as being directed from the finite to the infinite rggion.

Thie shell issdefined by a collection fafces, which may beriented_faces. The sense of each facg, after
taking account of the orientation, shall agree with the shell normal as defined aboveridiitation
capbe'supplied directly as a BOOLEAN attribute of@iented_face or be defaulted to TRUE|[if the

Ll lo H £ ikl Py H fond: FR R Ry y
Sh.,ll ITITITTOCTT 1S5 adLTVWILTTUUL TS UTTITT I AtiulT attimfioutc.

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 numbet 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 integed. 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.

(SOEDILDAES = (SOFDLDIE]

—| Each edge in the shell is either used by exactly two face bounds or is used twice by one|face bound.

[((SOEDILDLEG = 266V EDILDLET]
Thatis, inthe list{((S¢)[F])[L:])[£] each edge appears exactly twice.

—| The Euler conditions (9), or optionally (7) shall be satisfied.

2-2H = [((SHLEDILIDEDVE + [(((S)EDILI DAV Y
—[(@SHEDILNAET = [((SOEDIL] + 2(S7) [F]]

[(((CCSOEDLLIDABIAVH + LSV EDLLI DAV H = [V EDLLHAES
— [((S)[F])[L1]] is even and< 2 — 2|(S°)[F]|

EXPRESS specification

m

NTITY--closed_shell
SUBTYPE OF (connected face_set);
D/ENTITY:;

(*

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.

IP%: Distinctedges do not intersect, but may share vertices.

IP6: Eachfacereference shall be unique.

IPY: Theloops of theshellshall not be a mixture gfoly _loops and otheloop types:

arvertices
7

B: Theclosed_shelshall be an oriented arcwise connected-manifold.

D: The Euler equation shall be satisfied.

IP10: The topological normal to eadhce of the closed_shelkhall be consistent with the topological
nofmal to theclosed_shell This implies that the topological normalto edelte after taking ac¢ount
of prientation, if present, shall point from the finite region bodnded byctbged shelinto the inflnite
region outside.
5.4.28 oriented_closed_shell
Anoriented_closed_shelk aclosed_sheltonstructed from anothelosed_sheland containsa BOOLEAN
orientation flag to indicate whether or not the orientation of the constretiedd shelbgrees with the
orientation of the originatlosed_shell Theoriented_closed_shelis equivalent to the originalosed_-
shell but may have the opposite orientation.
EXPRESS specification
ENTITY oriented_elosed_shell
SUBTYPE ©OF.(closed_shell);
closed_shejl>element : closed_shell;
orientation : BOOLEAN;
DERIVE
SELF\connected face_set.cfs faces : SET [1:?] OF face
:= conditional_reverse(SELF.orientation,
SELF.closed_shell_element.cfs_faces);
WHERE
WR1: NOT ('TOPOLOGY_SCHEMA.ORIENTED CLOSED_SHELL’
IN TYPEOF (SELF.closed_shell_element));
END_ENTITY;
(*
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Att

ribute definitions

clo

sed_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

Formal propositions

sed_shell_elemerdfter possibly reversing their orientation.

WR1: The type ofclosed_shell_elemerghall not be amriented_closed_shell

5.4.29 connected _face_sub_set

A ¢onnected_face_sub_sét aconnected_face_sethose domain is-a connected portion of the
of pn existingconnected_face_setAs a complex subtype an instancecohnected_face sub_se

als
co
su

EX

0 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

enf dace_setmay be of typepen_shellor of typeclosed_shell

ent, face_set: The connected_face__ setwhich contains theonnected_face sub_setThe

domain
hay

of the
ce -

ar-

Informal propositions

IP1: The domain of theonnected_face sub_sehall be within the domain of thearent_face_set

214
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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

NTITY connected_edge_set

SUBTYPE OF (topological_representation_item);
ces_edges : SET [1:?] OF edge;

ND_ENTITY;

Atlribute definitions

ce

Inf]

5 _edgesSet ofedges arcwise connected at commeertexs.

prmal propositions

IP
IP

De
the

EX

|: The dimensionality of theonnected_edge sés 1.

P: The domains of the edges of thennected_edge_sethall not intersect.

b Topology functian definitions

b.1 conditional’ reverse

pending on its fitstrargument, this function returns either the input topology unchanged ¢
 input topology.with its orientation reversed.

PRESS specification

r a copy of

*)
F

UNCTION 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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E
(*

ND_FUNCTION;

Argument definitions

p:
a

>

5.

: torer et | o - _—

| 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)feversed (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;

216

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;
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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 inpuédge excépt'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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554 path_reversed

This function returns awriented_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

Thijs 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 ||

(*

A

=

face_bound(a_face_bound.bound, NOT(a_face bound.orientation));
END_IF;
RETURN (the_reverse);
ND_FUNCTION;

pument definitions

the

5.

Thiis function returns aoriented_faceequivalentia inpuface except that the orientation is reve

EX

_face_bound: (input) The face_bound which is to have its orientation reversed.

_reverse: (output) The result of the orientation reversal.

5.6 face reversed

PRESS specification

*)

T

[UNCTION face reversed (ayface : face) : oriented_face;
LOCAL

the_reverse : oriented_face ;
END_LOCAL;

IF (TOPOLOGYSCHEMA.ORIENTED_FACE’ IN TYPEOF (a_face) ) THEN
the_reversev;= 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 ||

E
(*

face(set_of topology reversed(a_face.bounds)) ||
oriented_face(a_face, FALSE) ;
END_IF;
RETURN (the_reverse);
ND_FUNCTION;

(©1SO 2008 — All rightsreserved
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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.

5.

5.7 shell reversed

Tr‘]is function returns awriented_open_shellor oriented_closed_shelkequivalent to the inpus

ex

EX

Cept that the orientation is reversed.

PRESS specification

*)

T

(*

Ar

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;
ND_FUNCTION;

pument definitions

the

5.

_Bhell: (input) The shéll\which is to have its orientation reversed.

_reverse: (outpat) The result of the orientation reversal.

5.8 closed_shell _reversed

oriehtation is reversed.

hell

t the

Tth function returns awriented_closed_shelbr equivalent to the inputlosed_shelexcept thg

EXPRESS specification

*)

FUNCTION closed_shell_reversed (a_shell : closed_shell) :
oriented_closed_shell;
LOCAL
220 ©I1S0O 2008 — All rightsreserved
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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_shell\oriented_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,;
(*

pument definitions

_Bhell: (input) Theclosed_shelivhich is to have its.erientation reversed.

the_reverse: (output) The result of the orientatioh*reversal.

5.

T
en

5.9 open_shell reversed

is function returns aoriented_open’_shelbr equivalent to the inpuipen_shellexcept that th
ation is reversed.

EXPRESS specification

*)

UNCTION open_shell_reversed ( a_shell : open_shell) :
oriented_open_shell;
LOCAL
the_reverse : oriented_open_shell;
END_LOCAL;

P Ori-

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_phell: (input) Theopen_shellwhich is to have its orientation reversed.

the_reverse: (output) The result of the orientation reversal.

5.5.10 set_of topology reversed

Thiis function returns a set of topology equivalent to the input-set 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_reversjble” 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 f(the_reverse);
END_FUNCTION;

(*

Argument definitions

a_set: (input) The set of topology items which are to have their orientation reversed.

the_reverse: (output) The result of the orientation reversal.

orientation
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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

IUNCTION 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 revegrsed.

the_reverse: (output) The result of the orientation and order reversal.

5b.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;
(*

Argument definitions

b: |(input) The Boolean value used to select the element choicel (TRUE) or choice2 (FALSE).
chpicel: (input) The first item which may be selected.

chpice2: (input) The second item which may be selected.

5.5.13 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)\x“LOGICAL;
LOCAL
n . INTEGER;
p : LOGICAL := TRUE;
END_LOCAL;

n := SIZEOF (a_path.edge_list);
REPEAT i := 2 TO n;
p := p AND (a~path.edge_list[i-1].edge_end :=:
a_path.edge_list[i].edge_start);
END_REPEATF;

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 akkdges in thepath join head-to-tail.
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5.14 list face loops

EXPRESS specification

T

(*

Ar

[UNCTION 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);
ND_FUNCTION;

pument definitions

log

Gi

EX

ps: (output) The list ofoops forf.

b.15 list loop edges

en aloop, the function returns the list &dges in theloop.

PRESS spegcification

T

UNCTION list_loop_edges(l: loop): LIST[0:?] OF edge;
LOCGAL

input) Thefacefor which itis required to.generate the list of boundiagps.

©!

edges—LISHO: 2 OF—edge—=13;

cogTto— ng

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

I: (input) Theloop for which it is required to generate the listedges.

edpes: (output) The list ofedges forl.

5.b.16 list_shell _edges

Giyen ashell, the function returns the list @&dges in theshell.

EXPRESS specification

FIUNCTION 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);

m

ND_FUNCTION;

Argument definitions

s: [(input)Fheshell for which it is required to generate the listedges.

o

edpes:(output) The list ofedges fors.

5.5.17 list_shell faces

Given ashell, the function returns the list déices in theshell.

226 ©1S0 208 — All rights reserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

EXPRESS specification

*)

F

(*

Ar

UNCTION list_shell faces(s : shell) : LIST[0:?] OF face;
LOCAL

faces : LIST[0:?] OF face = [];
END_LOCAL;

1SO 1030342:2003(E)

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);
ND_FUNCTION;

pument definitions

fag

Gi

EX

. |(input) The shell for which it is required to generate the list of faces.

es: (output) The list of faces fos.

b.18 list_shell _loops

en ashell, the function returns-the list ébops in theshell.

PRESS specification

T

UNCTION list'shell_loops(s : shell) : LIST[0:?] OF loop;
LOCAL

loops»* LIST[0:?] OF loop := [];
END(LOCAL;

©!

IF TOFUOLOGY_SUHENMA.VERTEX _SHELL N TYFEOUF(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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A

=

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,;
(*

pument definitions

. (input) Theshellfor which it is required to generate the listlobps.

logps: (output) The list oloops fors.

Gi

b.19 mixed_loop_type_set

en a set ofoops, the function returns TRUE if the set includes bptiy _loopsand other types

and vertex) of loops.

EXPRESS specification

T

UNCTION 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_loop>type := (TOPOLOGY_SCHEMA.POLY_LOOP’ IN TYPEOF(I[1]));
REPEAT i := 2 TO SIZEOF(l);
IE((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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gument definitions

I: (input) The set ofoops for which it is required to determine whether, or not, it is a mixturpay_-
loops and others.

5.

Thlis function creates SET from aLIST, the type of element for th®ET will be the same as that
iginal LIST .

o

=

5.20 list to_set

EXPRESS specification

T

m

Ar

(*

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;

pument definitions

5.

input) The list of elements to be converted to a set.

. [(output) The set-carrespondinglto

.21 edge_curve_pcurves

Thiis function returns the set of pcurves that are associated with (i.e., represent the geo
edpé~curve

in the

metry of) an

EXPRESS specification

")
FU

NCTION edge_curve_pcurves (an_edge : edge_curve;
the_surface_curves : SET OF surface_curve)
. SET OF pcurve;

(©1SO 2008 — All rightsreserved
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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_geometry);
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;

(*

Argument.definitions

an| edge: (input) Theedge curvewhose associated pcurves are to be found.

the_surface_curves:(input) The set of alburface_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 gturves 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 TYRPEOF(a_point) THEN
result := result + a_point;
FLSE
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

_ertex: (input)Thevertex_pointwhose 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 alllegenerate_pcurve having the same geometryasvertex

EXPRESS specification

)
E
(*

ND_SCHEMA; -- end TOPOLOGY schema

(©1SO 2008 — All rightsreserved

earch

231


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

6 Geometric models

The following EXPRESS declaration begins tieometric_model_schemand identifies the necessary

external references.

EXPRESS specification

(02)

CHEMA geometric_model_schema;

REFERENCE FROM geometry_schema;

REFERENCE FROM topology_schema;

REFERENCE FROM measure_schema(length_measure,
positive_length_measure,
plane_angle_measure,
plane_angle_unit,
positive_plane_angle _measure);

REFERENCE FROM representation_schema(founded_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
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.

6.1 Introduction

Thie subject of thgeometric_modelschema is the set of basic resources necessary for the cg
tioh of data describing the size, position, and shape of objectssdlice modelsubtypes provide

mmunica-
basic

resources for the-=Ccommunication of data describing the precise size and shape of three-dimensional solid

objects. Thetwo classical types of solid model, constructive solid geometry (CSG) and bour

dary repre-

sentationi(B-rep) are included. Also included in this clause are entities providing less complete geometric
anfd tepological information than the full CSG or B-rep models. The use of these entities is appropriate

forl cammunication with systems whose capability differs from that of solid modelling systems.

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
followed by the wireframe models and the geometric sets.

together,
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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 theong 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 Togical sequence of Boolean operation®edieain_resultwhich

idgntifies an operator and two operands. The operands can themselbeslban_resuls,.thug en-

abling nested operations. In addition to the CSG primitives, any solid model, including, in [particular,
swlept solids anthalf_space_solid may be Boolean operands. The swept solids arewept_arga_-

solids and theswept_face_solidsThe swept solids are obtained by extruding or sweeping a planar face
wHich may contain holes. THealf_space_solids essentially defined as a semi-infinite solid on pne side

of p surface; it may be limited bylaox_domain Thehalf_space_2ds an equivalent two dimengional

entity and represents the region to one side of a curve.

=]

B-fep models are represented by the set of shells defining their exterior or interior boundaries. Con-
straints ensure that the associated geometry is well definedvand that the Euler formula connecting the
numbers of vertices, edges, faces, loops and shells in the ' model is satisfiethc&teel_brepig re-

strjcted to represent B-reps in which all faces are planarand every logmlg doop.

—

Thesolid_replicaentity provides a mechanismfor copying an existing solid in a new location

Theshell_based_surface_modglace:based_surface_modghell_based_wireframe_modekdge_-
based_wireframe_modelgeometric_setandgeometric_curve_seentities do not enforce the infegrity
checks of thananifold_solid_brepand can be used for the communication of incomplete models or
nop-manifold objects, including two-dimensional models.

6.8 Geometricmodel type definitions

6.8.1 boelean_operand

a CSG solid. This includes provision for the special case of a two dimensional 'solid’ which is pn arcwise
cophnected finite region in two dimensional space defined by boolean operations with 2D operands.

This selecttype identifies all those types of entities which may participate in a boolean oper}ion to form

EXPRESS specification

*)

TYPE boolean_operand = SELECT
(solid_model,
half_space_solid,
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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
o)
int
de

ifference: The regulariSed set theoretic difference between the volumes defined by two sol

B.3 csgoprimitive

on: The operation of constructing the regularised set theoretic union of the volumes defi
ids.

fined by two solids.

sional entities.

is select'type defines the set of CSG primitives which may participate in boolean operatio
G primitives aresphere, ellipsoid, right_circular_cone,eccentric_cone, right_circular_cylin

hed by two

brsection: The operation aof ‘eonstructing the regularised set theoretic intersection of the volumes

ds.

ns. The 3D
der,
rim-

EXPRESS specification

*)

TYPE csg_primitive = SELECT

24

wa dimen-
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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 as-the root of a CSG tree including a single
CSG 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 type-identifies the types of entities which can occugeenetric_set

EXPRESS specification

*

)

TYPE geometric_set select = SELECT
(point,
curve,
surface);

END_TYPE;

(*
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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 colledtoasodrshells.

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 nat'contain information about the surfaces thenjselves.

EXPRESS specification

TIYPE wireframe_model = SELECT
(shell_based_wireframe - model,
edge_based_wireframe_maodel);
END_TYPE;

6.4 Geometric model entity definitions

The following entities are used in tlggometric_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

NTITY solid_model

SUPERTYPE OF (ONEOF( csg_solid, manifold_solid_brep, swept face solid,
swept_area_solid, swept_disk_solid, solid_replica,
brep_2d, trimmed_volume))

SUBTYPE OF (geometric_representation_item);

ND_ENTITY;

> m

6.4.2 manifold_solid_brep

A manifold_solid_brepis a finite, arcwise connected volume-bounded by one or more surfaces, each

of which is a connected, oriented, finite, closed 2-manifold. There is no restriction on the
thriough holes, nor on the number of voids within the volume.

The Boundary Representation (B-rep) of a manifold'solid utilises a graph of edges and vertice
in g connected, oriented, finite, closed two manifold surface. The embedded graph divides
intp arcwise connected areas known as faces. The edges and vertices, therefore, form th
of the faces and the domain of a face [does not include its boundaries. The embedded g
digconnected and may be a pseudograph. The graph is labelled; that is, #gcmehe graph
a Yinique identity. The geometric surface definition used to specify the geometry of a face
manifold embeddable in the plane within the domain of the face. In other words, it shall be
oriented, finite, non-self-intersecting, and of surface genus 0.

Faces do not intersect-except along their boundaries. Each edge along the boundary of a fac
at most one other face'in the assemblage. The assemblage of edges in the B-rep do notinte
their boundaries(i,e., vertices). The geometric curve definition used to specify the geometry
shpll be arcwisé connected and shall not self-intersect or overlap within the domain of the
gepmetry gf an edge shall be consistent with the geometry of the faces of which it forms a pz

The géometry used to define a vertex shall be consistent with the geometry of the faces &

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

W ichit farme a9 nartial haund
HEHHOHRSa-Palitar8eHha:

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 bmep_with_voids subtype. The following

version of the Euler formula shall be satisfied

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] = (EBSDIEDILDL LY

—| Each edge in the B-rep is either used by exactly two loops or twice by one loop

|((((B)ISDIFDILDA £ = 2/(((B)[SDIFDILDE
Thatis, inthe lis{ (((B)[S])[#]) LI E] each edge appears exactly twice.

—| Equation (10) shall be satisfied

2/(B)[S1 - 22 _G*C= 1B SHIEMHLDIENVH + (B SHIFIL H{V Y
=B SHIFDALIAES + 2 ((B)SDIET = [(((B)STHIEFD Y]]

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 shellnormals, as used, shall be consistent yith the
topologicalnormal of the B-rep. Theanifold_solid_brephas two subtypes$aceted_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

outer: A closed_shelldefining the exterior boundary of the solid. The shellywormal 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 distinetloops of the same face have no common edges. If geometry is pregent, distinct
logps of the same face do netintersect.

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: Eachdface shall be referenced only once by the shells aht@fold_solid_brep.
IP8: Eachoriented_edgein themanifold_solid_brep shall be referenced only once.

IP9—Eachundirec
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 point into 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 ppof the
solid. The shell normal shall point away from the interior of the solid.

vo|ds: Set oforiented_closed_shedl defining veoids within the solid. The set may contain onefor more
shglls.

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 shelbinthenanifold_solid_brepshall be referenced only once.

6.4.4 faceted brep

A faceted_brepis a simple form of boundary representation model in which all faces are plamar and all
edges are straight lines.

NOTE Thefaceted_brephas been introduced in order to support the large number of systems that allow bound-
ary type solid representations with planar surfaces only. Faceted models may be represerdaddigl_solid_-
brep but their representation afaceted 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

NTITY faceted brep
SUBTYPE OF (manifold_solid_brep);
ND_ENTITY;

m

Informal propositions

IP1: All the bounding loops of all the faces of all the shells in faeeted_brepshall be of typeoly -
logp.

IP2: The faces in the shells may have implicit or explicit.surface geometry. If explicit, the face surface
shpll be a plane. All polyloops defining the face shallbe coplanar.

6.4.5 brep_2d

A brep_2dis a bounded two-dimensional¥egion defined by a face. Any two-dimensional pgint can be
clgssified as being inside, outside or(on the boundary laep_2d. A brep_2d shall have an puter
boundary and may have any number of holes.

EXPRESS specification

)

NTITY brep _2d

SUBTYPE @F (solid_model);

extent . face;

WHERE

WR1: SIZEOF ([TOPOLOGY_SCHEMA.FACE_SURFACE’,
"TOPOLOGY_SCHEMA.SUBFACE’, 'TOPOLOGY_SCHEMA.ORIENTED_FACE’] *

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

m
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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 byeghe2d.

o

rmal propositions

= £ = =

(o))

B.6

R1:
R2:
R3:
R4

extent shall not be dace of typeface_surface subface or oriented_face

Eachface_boundused to define thextent shall be of typeedge_loop

Precisely one of the bounds of tfaczeshall be of typdace_outer: bound

Eachedgeused to define the bounds shall be of tyage~clurveand shall be two-dimens
csg_solid

bolid represented as a CSG model is defined by-a collection of so-called primitive solids

ng regularised boolean operations. The allewed operations are intersection, union and d

pecial case @sg_solidcan also consist of a-single CSG primitive.

egularised subset of space is the closure of its interior, where this phrase is interpreted

hse of point set topology. Hooolean: resuls regularisation has the effect of removing danglin

[ other anomalies producedby the original operations.

CSG solid requires two kinds of information for its complete definition: geometric and stru

The geometric infornjation is conveyed bglid_modek. These typically are primitive volume

as
SO

Th
so

cylinders, wedges and extrusions, but can include general B-rep msdigls.modek can alg
id_replicas_(transformed solids) arthlf_space_solids

e structural information is in a tree (strictly, an acyclic directed graptmpofean_resultand (¢
idsswhich represent a ‘recipe’ for building the solid. The terminal nodes are the geometrig

an

0 other solids. Evergsg solidhas precisely onboolean resultassociated with it which is th

onal.

combined
|fference. As

in the usual
gedges

ctural.
5 such

o be

CSG
L primitives
P root

of the tree that defines the solid. (There may be furbwalean_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 ofioedean_resultentities
representing intermediate results during the construction process.

242

©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

EXPRESS specification

")
E

E

NTITY csg_solid

SUBTYPE OF (solid_model);
tree_root_expression : csg_select;
ND_ENTITY;

(

Atlribute definitions

tre

CS

Thie root of the tree of boolean expressions is given here explicitlytam®iean_resultentity, or
)_primitive.
4.7 boolean_result

6.

A

op
Bd

Th
op
diff

un
firs
int
the
Th
in

NC
an

boolean_resultis the result of a regularised operationwon 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.

e finalboolean_resultdepends upon the operation and the two operands. In the case of thq
erator the order of the operands is alsocsignificant. The operator can beugithrgrintersectio
erence. The effect of these operators.is described below.

on on two solids is the new solidthat contains all the points that are in either the
t_operand or thesecond_operancbr both.

ersectionon two solids.isthe new solid that is the regularisation of the set of all points that
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

TE , \Bar example if the first operand is a block and the second operand is a solid cylinder of suitabl
| Jocation thdoolean_resultproduced with the difference operator would be a block with a circular

E_root_expression: Boolean expression of primitives and regularised operators describing the solid.

as a

lid. Valid
purposes of

b difference
nor

hre in both

vhich are

b dimensions
hole.

EXPRESS specification

*)

ENTITY boolean_result

©]

SUBTYPE OF (geometric_representation_item);
operator . boolean_operator;
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E
(*

At

first_operand : boolean_operand,;
second_operand : boolean_operand;
ND_ENTITY;

fibute definitions

op
firs

se

6.
A

Th
Sy

EX

erator: The boolean operator used in the operation to create the result.
t operand: The first operand to be operated upon by the boolean operation.

cond_operand: The second operand specified for the operation.

4.8 block

block is a solid rectangular parallelepiped, defined with a locatign and placement coordin
e block is specified by the positive lengthlxs y, andz along,the axes of the placement coq
5tem, and has one vertex at the origin of the placement ¢oordinate system.

PRESS specification

m

m

(*

NTITY block

SUBTYPE OF (geometric_representation_item);
position : axis2_placement_3d;

X . positive_length_measure;

y . positive_lengthtmeasure;

z . positive_lengthy measure;
ND_ENTITY;

Atlribute definitions

po

sitions” The location and orientation of the axis system for the primitive. The block has on

po

ate system.
rdinate

P vertex at

Sition.locationand its edges aligned with the placement axes in the positive sense.

X:

y:

Z.

244

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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[tx

location p[1]
position attributes

Figure 22 — Right-angular wedge and its attributes

6.4.9 right_angular:wedge

A fight_angular_wedgecan be envisioned as the result of intersecting a block with a plane pgrpendicu-
lar{to one of its faces. It is defined with a location and local coordinate system. A triangular/tfrapezoidal
fage lies in the plane defined by the placement X and Y axes. This face is defined by positiyexengths
andy along the‘placement 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 lergihong the placement Z axis which defines a glistance
thriough Which the trapezoid or triangle is extrudedtdf= 0, the wedge has five faces; otherwisg, it has

six faces.

>

NOTE See Figure 22 for interpretation of attributes.

EXPRESS specification

*)
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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

E
&

WR1: ((0.0 <= Itx) AND (Itx < Xx));
ND_ENTITY;

Atlribute definitions

PO
on

X:
y:
Z.

Itx

Fo

sition: The location and orientation of the placement axis systenifor the primitive. The
e vertex aposition.locationand its edges aligned with the placement axes in the positive s¢

The size of the wedge along the placement X axis.
The size of the wedge along the placement Y axis.
The size of the wedge along the placement Z axis.

The length in the positive X direction of the smaller surface of the wedge.

rmal propositions

W

6.

R1: Itx shall be non-negative and Jess than

1.10 rectangular) pyramid

A fectangular_pyramid.is a solid pyramid with a rectangular base. The apex of the pyramid

ab
af

EX

pve the centre paoint of the base. Teetangular_pyramid is specified by its position, which pr
lacement coardinate system, its length, depth and height.

PRESS specification

vedge has
bnse.

s directly
hvides

")

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;
(*
246 ©I1S0O 2008 — All rightsreserved
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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

he
Z 3

p

EX

€

o

gngth: The length of the base measured along the placement X axisi¢pos{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 thedirection of th
AXis (position.p[3]).

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 = 3
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.

NOTE The rulecompatible_dimensionensures that all theartesian_point attributes of this entity have the
same dimension.

(©1SO 2008 — All rightsreserved
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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 Thepointslist 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 letrahedron is a type of CSG primitive with 4 vertices and 4 triangufarfaces. 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], poinfsf2], points[3], points[4]) <> 0.0;
END_ENTITY;

(*

Atlribute definitions

pojnts: Thecartésian_points that locate the vertices of thetrahedron.

Formal propositions

W 1~ The lict afnanta ch
TSt OTPoItS STt

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_hexahedrornis 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: SIZEOF(points) = 8 ;

WR2: above_plane(points[1], points[2], points[3], points[4]) = 0.0;
WR3: above_plane(points[5], points[8], points[7], points[6]) = 0.0;
WRA4: above_plane(points[1], points[4], points[8], points[5]) = 0.0;
WRS5: above_plane(points[4], points[3], points[7], points[8]) = 0.0;
WR6: above_plane(points[3], points[2], points[6], points[7]) ,="0.0;
WRY7: above_plane(points[1], points[5], points[6], points[2]\= 0.0;

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], poaints[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], points[7], points[8]],
[points[l], points[5], points[6], points[2]]);
END_ENTITY;
(*

Atlribute definitions

pojnts: The'Cartesian_point that locate the vertices of tlewnvex_hexahedron These points are
ordlered'such thatoints[1], points[2], points[3], points[4] define, in anti-clockwise order, when yiewed

frin outside the solid, one planar face of the satidints[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 23 for further information about theds and vertices.
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Fo

rmal propositions

WRZ1: The list ofpoints shall contain &artesian_point.

WR2: The first 4points shall be coplanar.

WR3: The final 4points shall be coplanar.

B8 == =

W
p

W
p
W
p
W
p
Nd

o

o

o

o

EX

714 sphere

4+ points[1],-pointsf4}points[8},points[5},-shallbe coplanar
R5: points[4], points[3], points[7], points[8], shall be coplanar.
R6: points[3], points[2], points[6], points[7], shall be coplanar.
R7: points[1], points[5], points[6], points[2], shall be coplanar.
1,

R8: points[5], points[6], points[7], points[8], shall all lie on the same sidef-the plangoints
nts[2], points[3].

R9: points[3], points[7], points[6], points[2], shall all lie on the samgside of the planegointg
nts[4], points[8].

R10: points[4], points[3], points[7], points[8], shall all lie onthe same side of the plangofntg
nts[2], points[5].

R11: points[1], points[2], points[3], points[4], shall alllie on the same side of the plangofntg
nts[6], points[7].

R12: points[1], points[4], points[8], points[5]-shall all lie on the same side of the plangofntg
nts[7], points[6].

R13: points[1], points[5], points[6], paints[2], shall all lie on the same side of the plangofntg
nts[7], points[8].

TE 2 The final 6 rules ensure thattbeints define a convex figure.

Ephereis a CSG primitive with a spherical shape defined by a centre and a radius.

PRESS. specification

E

E

NTITY Sphere

SUBTYPE OF (geometric_representation_item);
radius : positive_length_measure;

centre : point;

ND_ENTITY;

(*

250

[1],

[1],

[1],

[5],

3],

3],
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points[5]

points[7]

points[1]

points[4]

points[3]

Atlribute definitions

radlius: The radius of thesphere

ceptre: The location of the centre of.ttephere

6.4.15 right_circular: cone

Figure 23 — Convex_hexahedron

A fight_circular_cone isa €SG primitive in the form of a cone which may be truncated. It is defined by
an|axis, a point on thezaxis, the semi-angle of the cone, and a distance giving the location in|the negative

direction along the axis from the point to the base of the cone. In addition, a radius is give
nopzero, givesihe’size and location of a truncated face of the cone.

EXPRESS specification

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

(©1SO 2008 — All rightsreserved
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E

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.

sition.location: A point on the axis of the cone and at the centre of one of the planar circy
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 comadidis is greater than ze
M the base to the apex, if radius equals zero.

radlius: The radius of the cone at the point on the axiedition.location). If the radius is zero

co

se
co

Fo

ne has an apex at this point. If traglius is greater than zere, 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

Infl

R1: Theradius shall be non-negative.

prmal propositions

IP

6.

|: Thesemi_angleshall be betweef® and90°.

1.16 right_circular_cylinder

A tight_circilar_cylinder is a CSG primitive in the form of a solid cylinder of finite height. Itis

by

an.axis point at the centre of one planar circular face, an axis, a height, and a radius. T

pe

ilar faces,

sition.axis: The direction of the central axis of symmetry of the cone. The direction of the axis 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 height is 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

252

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 oneof the planar circular
fages.

p
h

radlius: The radius of the cylinder.

An eccentric_coneis a CSG primitive which is a generalisation of tght_circular_cone. Theec
trig_cone may have an elliptic cross section, and\may have a central axis which is not perpe
the base. Depending upon the value of thgo attribute 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.

elght: 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<1<:" positive_length_measure;
semi_axis$y2 : positive_length_measure;

cen-
ndicular to
rm of a

pase and has

height . positive_length_measure;
x AQffset . length_measure;
y-offset . length_measure;
rafio T REAL;
WHERE

WR1 : ratio >= 0.0;
END_ENTITY;

(*

(©1SO 2008 — All rightsreserved
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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_-

co

se

ne

mi_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 directposaion [

he|ght: The height of the cone above the base measured in the directpmsivion.p[3].

LA
e

x_pffset: The distance, in the direction pbsition.p[1], to the central point of the top.face of the cone

fr

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 of:the top face of the cone

fr

ra

Fo

the pointin the plane of this face directly above the central point of the base.

rmal propositions

W

NG
trig

Nd
If
din

6.

A torus is a solid primitive defined by sweeping the area of a circle (the generatrix) about a |4

(th

EX

R1: Theratio shall not be negative.

TE 1 In the placement coordinate system definegdisition the central point of the top face of tlee
| cone has coordinatege_of fset,y_of fset, height).

TE 2 Ifratio = 0.0 theeccentric_coneincludes the apex.
atio = 1.0 theeccentric_coneis in theform of a generalised cylinder with all cross sections of
hensions.

4.18 torus

e directrix). Thedirectrix is defined by a location and directimxig1_placement

PRESS Specification

*

0: The ratio of a radius of the top face to the corresponding radius.of the base of the conle.

cen-

he same

arger circle

N

=

cC

NFY—torus

SUBTYPE OF (geometric_representation_item);
position . axisl_placement;

major_radius : positive_length_measure;
minor_radius : positive_length_measure;

WHERE

E

WR1: major_radius > minor_radius;
ND_ENTITY;

(*

254
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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.

mihor_radius: The radius of the generatrix.

Formal propositions

WR1: Themajor_radius shall be greater than theinor_radius.

6.4.19 ellipsoid

An ellipsoid is a type of CSG primitive in the form of a solid<llipsoid. 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 : positivexlength_measure;
semi_axis_3 : positive_length_measure;

ND_ENTITY;

m

(*

Atlribute_définitions

pokiii

: _ the
centre of the ellipsoid and the axes of the ellipsoid are aligned with the diregtositson.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 4.4.62). 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

ition: The location and orientation ef-the solid.
ition.locationis at the centre of the-first circular end face of the solid.
ition.p[3] = position.axisis in the-direction of the normal to the plane of symmetry passing through

po
po
po

id.
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cope_anglel;The semi-vertex angle of the cone tangent to the curved surface around the fjrst circular
end face ofthe solid, taken as positive if the cone vertex lies in the direction of the outward-fa¢ing normal
thatface.

cope-angle2:The semi-vertex angle of the cone tangent to the curved surface around the seqond circular
endface ofthe sofid; taken as positive if the cone Vertex fies inthe direction of the omtward-facing normal

from the centre of that face.

turn_angle: The angle between the planes of the two circular faces of the solid, measured in the sector
containing the solid.
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Informal propositions

IP1: Theturn_angle shall lie in the rang®° to 360° (see NOTE 1).

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 p:\r:\llnl and-the circumscribed circle lies at infinify (cnn NOTE ’))

NOTE 1 Interms of the definition of thdupin_cyclide_surface(as given in Section 4.4.62), ther ~ang|e is
thqg difference in the values af between the isoparametric lines corresponding to the boundaries of the two end
fades of the solid.

NOTE 2 The attributes of theyclide_segment_solicre not mutually independent. (lnformal proposifle2
expresses this fact, and states the simplest geometric characterisation of the dependency. Any corr¢ctly generated
dupin_cyclide_segmentvill satisfy IP2. The condition is illustrated in Figure 25:

| ocation

radi us2

turn_angl e

Figure 24 — Cyclide_segment_solid

6.4-21 half space solid

A half_space_solids defined by the half space which is the regular subset of the domain which lies on
one side of an unbounded surface. The domain is limited by an orthogonal boxboxbe _half_space
subtype. The side of the surface which is in the half space is determined by the surface normals and the
agreement flag. If the agreement flag is TRUE, then the subset is the one the normals point away from.
If the agreement flag is FALSE, then the subset is the one the normals point into.
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Fo
the

NC
Bo

EX

Figure 25 — Cross section of cyclide’ segment_solid

I a validhalf_space_solidthe surface shall divide the ‘domain into exactly two subsets. Alg
> domain the surface shall be manifold and all the surface normals shall point into the san

plean expressions.

PRESS specification

m

m

(*

NTITY half_space_solid

ND_ENTITY;

SUBTYPE OF(geemetric_representation_item);
base_surface .\Surface;
agreement_flag): BOOLEAN;

Att

ribute definitions

base_surface: surfacelefining the boundary of the half space.

0, within
e subset.

TE A half_space_solids not a subtype o$olidmodel half_space_solid are only useful as operands in

agreement_flag: Theagreement_flags TRUE if the normal to théase_surfacgoints away from the
material of thehalf_space_solid

258

©I1S0O 2008 — All rightsreserved


https://standardsiso.com/api/?name=e1768b6f94385e3b909f4efa6ce791af

1SO 1030342:2003(E)

Informal propositions

IP1: Thebase_surfaceshall divide the domain into exactly two subsets. If the
half_space_solids of subtypeboxed half_spacethe domain in question is that of the attribetaclo-
sure.

6.

4 22 boynd_hnlf_Qpnr‘p

This entity is a subtype of thaalf_space_solidvhich is trimmed by a surrounding rectangular b

bo

NG

EX

X has its edges parallel to the coordinate axes of the geometric coordinate systen.

TE The purpose of the box is to facilitate CSG computations by producing a solid\of finite size.

PRESS specification

m

m

(*

NTITY boxed_half_space
SUBTYPE OF(half_space_solid);
enclosure : box_domain;
ND_ENTITY;

Atlribute definitions

e

>

6.

A
wh

po
din

Closure: The box which bounds the half space for computational purposes only.

1.23 box_domain

pox_domainis ansgrthogonal box oriented parallel to the axes of the geometric coordin
ich may be used+o limit the domain oftelf space_solid The box_domainis specified b
nt at the cofper of the box with minimum coordinates, and the lengths of the sides mea
pctions ofthe coordinate axes.

EX

PRESS specification

bx. The

hte system
y the
sured in the

)
E

NTITY box_domain

SUBTYPE OF (founded_item);
corner : cartesian_point;
xlength : positive_length_measure;
ylength : positive_length_measure;
zlength : positive_length_measure;
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WHERE

WR1: SIZEOF(QUERY(item <* USEDIN(SELF,”)]
NOT (GEOMETRIC_MODEL_SCHEMA.BOXED_ HALF_SPACE’
IN TYPEOF(item)))) = O;

END_ENTITY;
(*

Atlribute definitions

co
X

y

z

Formal propositions

oD

ool

fner: cartesian_pointat the corner of box with minimum coordinate values.
ngth: The length of thédox_domainalong the edge parallel to the x axis.
ngth: The length of thdox_domainalong the edge parallel to the y axis:

ngth: The length of thdox_domainalong the edge parallel to the z-axis.

W

6.

A

area, rectangular_area, or polygonal_area primitive_2ds may be used with other two-dime

ob

NOTE The combination gbrimitive: 2ds and any of the three-dimensioal_primitives in aboolean_rg
is prohibited by the constraints.@eometric_representation_itemn the geometry schema.

EXPRESS specification

R1: The only use of the box domain shall be to define-the limits fooxed_half space

.24 primitive_2d
brimitive_2d is a two-dimensional CSG primitive represented as eitharalar_area, ellipti

ects to createsg_solig in 2D.

m

NTITY primitive_2d
SUPERTYPE OF (ONEOF (circular_area, elliptic_area, rectangular_area,
polygonal_area))

C_-
nsional

psult

SPIRDTVDE A ((anamatris ronvracantatingy rapa).
E=A =4 = i I i =g | T

(oMt TepPrcotmatron_tT )5

WHERE
WR1 : SELF\geometric_representation_item.dim = 2;
END_ENTITY;
(*
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