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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member

bodies).
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The work of preparing International Standards is normally carried out through ISO technical committees.

nmittee. International organizations, governmental and non-governmental, in liaison with ISO, also take part\
SO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotech
lization.

in task of technical committees is to prepare International Standards. Draft International Standards adopted b
1l committees are circulated to the member bodies for voting. Publication as an International, Standard requires app|
st 75 % of the member bodies casting a vote.

ide to publish other types of normative document:
ISO Publicly Available Specification (ISO/PAS) represents an agreement(®Between technical experts in an ISO wo
up and is accepted for publication if it is approved by more than 50 %0f the members of the parent committee cg

ote;

ISO Technical Specification (ISO/TS) represents an agreement’between the members of a technical committee a
epted for publication if it is approved by 2/3 of the members;of the committee casting a vote.

PAS or ISO/TS is reviewed after three years with a view to deciding whether it should be confirmed for a further
d again after six years at which time it has to be-either transposed into an International Standard or withdrawn.

n is drawn to the possibility that some of the elements of this part of ISO 10303 may be the subject of patent ri
11 not be held responsible for identifying any or all such patent rights.

10303-1004 was prepared bysT¢chnical Committee ISO/TC 184, Industrial automation system and integrd
mittee SC 4, Industrial data.

03 is organized as ,a'‘series of parts, each published separately. The structure of ISO 10303 is describg
03-1.

prt of ISO 103037 is a member of one of the following series: description methods, implementation met
pance testing\methodology and framework, integrated generic resources, integrated applications resources, applic
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<http://www.nist.gov/sc4/editing/step/titles/>

s A and B form a normative part of this part of ISO 10303. Annexes C, D and E are for information only.
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange of

PlUdubt data. Thc Ubjcuﬁvc ib tU PlUVidC <8 ucutla} uwu‘uauimu \,ayablc Uf dcbblibillé PlUdubt dat
throughout the life cycle of a product, independent from any particular system. The nature of-thil
description makes it suitable not only for neutral file exchange, but also as a basis for implementin
and sharing product databases and archiving.

|2}

U=}

This International Standard is organized as a series of parts, each published separately,~The parts g
ISO 10303 fall into one of the following series: description methods, integrated resources, applicatio
interpreted constructs, application protocols, application modules, abstract test stites, implementatio
methods, and conformance testing. The series are described in ISO 10303-1. This part of ISO 10303 i
a member of the application module series.

[ e Y

=

This part of ISO 10303 specifies an application module for elemental ‘geometric shape. It provides fq
the definition of the concept shape and how a shape may be-formed, but does not includ
specifications for the geometric model representations of shapes:

0

o

A set of application modules can be combined to provide the capability to assign shape elements t
layers and visual attributes, such as colours and curve-fonts, to geometric and topological elementg.
For additional information, see Annex F of ISO/TS 10303-1009.
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Industrial automation systems and integration —
Product data representation and exchange —

Part 1004:

Appplication modute: Elemental geometric shape

Scope

THis part of ISO 10303 specifies the application module for elemental geometric shape-Fhe following

a

=

q

within scope of this part of ISO 10303:
— the definition of the concept geometric shape;

— how a geometric shape may be formed.

THe following is outside the scope of this part of ISO 10303:

Th
c
0

= O

— the specification of geometric modeling approaches for shape representation, such as
wireframe or boundary representation (b-rep).

Normative references

e following normative documents comtain provisions which, through reference in this text,

hstitute provisions of this part of ISO;10303. For dated references, subsequent amendments to,

revisions of, any of these publications do not apply. However, parties to agreements based on this

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

ed

tions of the normative documents indicated below. For undated references, the latest edition of the

normative document referred\to applies. Members of ISO and IEC maintain registers of currently

va

IS
of

IS
ex

1d International Standards:

D/IEC 8824-1:1998; Information technology — Abstract Syntax Notation One (ASN.1): Specification
basic notation

D 10303:1:1994, Industrial automation systems and integration — Product data representation and
thange ~ Part 1: Overview and fundamental principles

IS

D10303-11:1994, Industrial automation systems and integration — Product data representation and

exchange — Part 11: Description methods: The EXPRESS language reference manual

ISO 10303-41:2000, Industrial automation systems and integration — Product data representation and
exchange — Part 41: Integrated generic resource: Fundamentals of product description and support

ISO 10303-42:2000, Industrial automation systems and integration — Product data representation and
exchange — Part 42: Integrated generic resource: Geometric and topological representation

©
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ISO 10303-43:2000, Industrial automation systems and integration — Product data representation and
exchange — Part 43: Integrated generic resources: Representation structures

ISO 10303-202:1996, Industrial automation systems and integration — Product data representation
and exchange — Part 202: Application protocol: Associative draughting

hfaVaWiaalal 10200 1001 . 25001 L L > L > L Ll > D L L
LOUMLS  1TUOSUOS=-1TUVUL.ZUVUL, 17dUSIridl  dulomatiorn SysSterty  drnd rliegrdalilor — rroduct ddld
representation and exchange — Part 1001: Application module: Appearance assignment

ISO/TS 10303-1006:2001, Industrial automation systems and integration — Produet .data
representation and exchange — Part 1006: Application module: Foundation representation

3 Terms, definitions, and abbreviations

3.1 Terms defined in ISO 10303-1
For the purposes of this part of ISO 10303, the following terms defined in ISO 10303-1 apply:

— application;

— application object;

— application protocol;

— application reference model;

— data;

— information;

— integrated resourceg;

— product;

— productdata;

— unitof functionality.

3.2 Terms defined in ISO 10303-202

I +1 £l ” LICON 1023072 +1 £.11 . %+ 1 T h A faVaVk Wala¥YaVealNaYaVal 1
O UIT pulposcs O UIS pPdit O 15U TUOSUD, UIT TONUWIILE LCTHIT UCTITICU TIT 10U TUOUS=2ZUZ dPPIICS.
— application interpreted construct.

3.3 Terms defined in ISO/TS 10303-1001

For the purposes of this part of ISO 10303, the following terms defined in ISO/TS 10303-1001 apply:

2 © ISO 2001 — All rights reserved
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— application module;

— module interpreted model.

3.4 Abbreviations

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

AM application module

ARM application reference model
MIM module interpreted model
UoF unit of functionality

URL uniform resource locator

4 Information requirements

This clause specifies the information requirements for elemental geometric shape. The information
requirements are specified as a set of units of functionality and application objects. The information
requirements are defined using the terminology of the’subject area of this application module.

NOTE 1 A graphical representation of the informiation requirements is given in annex C.
NOTE 2 The mapping specification is specified in 5.1 which shows how the information requirements are
met using the integrated resources of this International Standard. The use of the integrated resources

introduces additional requirements which are common to application modules and protocols.

EXPRESS specification:

*)

SCHEMA Elemental.geometric shape arm;
(*

4.1 Units-ePfunctionality

This subclause specifies the units of functionality (UoF) for this part of ISO 10303 as well as any
support clements needed for the application module definition. This part of ISO 10303 specifies the
following unit of functionality:

— Elemental_geometric_shape.
This part of ISO 10303 uses the following unit of functionality:

— Foundation_representation.

© ISO 2001 — All rights reserved 3
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The units of functionality and a description of the functions that each UoF supports are given below.
The application elements included in the UoFs are defined in 4.3.

4.1.1 Elemental_geometric_shape

The Elemental_geometric_shape UoF specifies the definitional information for the concept of shape

and how 1t 1s composed. The following application entities are specified in the Elemental geometric
shape UoF:

— Cartesian_coordinate_space;

— Detailed_geometric_model_element;
— Geometric_model;

— Template_instance;

— Transformation.

4.1.2 Foundation_representation

This UoF is defined in the foundation representation module. The following application entities from
this UoF are referenced in the elemental geometric shape module:

— Representation;

— Representation_item.

4.2 Required AM ARMs

The following EXPRESS reference statements specify the elements imported from the ARMs of other
modules.

EXPRESS specification:

*)
USE FROM &oundation representation arm; -- ISO/TS 10303-1006
(*

4.37ARM entity definitions

Thissubctause specifies the apptication entitics for the elemental geometric stape modute. —Each
application entity is an atomic element that embodies a unique application concept and contains
attributes specifying the data elements of the entity. The application entities and their definitions are
given below.

4 © ISO 2001 — All rights reserved
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4.3.1 Cartesian_coordinate_space

A Cartesian_coordinate_space is the coordinate space where geometric elements are defined. It is
either two-dimensional or three-dimensional. An origin for coordinate values is implicitly defined.
The units applicable to the coordinate values of elements defined in the Cartesian_coordinate_space
are specified.

EXPRESS specification:

*)
ENTITY Cartesian coordinate space;
unit : SET[2:?] OF REAL;

END ENTITY;
(*

Attribute definitions:

unit: The unit specifies the various kinds of unit in which values are measured. In the case where
geometric elements are defined in the Cartesian_coordinate_space thére) shall be at least two units
specified, the length unit and the plane angle unit. The same length wnit is applied to each coordinate
direction. Only one unit of a kind shall be specified.

NOTE If elements with different units are required they have.to be separated into different models with
their own Cartesian_coordinate_space.

EXAMPLE - A length measure unit measured in inches and an angle measure unit measured in degrees are

examples for two attributes 'unit' assigned to the same*Cartesian_coordinate_space.

4.3.2 Detailed_geometric_model_element

A Detailed_ geometric_model_element is a single element of a model that is any of the general class
of elements that represent idealized’shape described by mathematical geometry.

EXAMPLE - Points, curyes, and surfaces are examples of elements that represent idealized shapes
described by mathematical geometry.

A Detailed_ geométric_model_element is a type of Representation_item.

EXPRESS speeification:

*)

ENTITY Detailed geometric model element
ABSTRACT SUPERTYPE
SUBTYPE OF (Representation item);

END ENTITY;
(*

© ISO 2001 — All rights reserved 5
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4.3.3 Geometric_model

A Geometric_model is a representation of shape. A Geometric_model that does not reference any
Representation_item objects through one the subtypes directly shall reference at least one Template_-
instance (see 4.3.4).

EXPRESS specification:

*)
ENTITY Geometric model

SUBTYPE OF (Representation);
is defined in : Cartesian coordinate space;

id : STRING;
version id : OPTIONAL STRING;
description : OPTIONAL STRING;
role : STRING;
elements : SET [1:?] OF Representation item;
model extent : OPTIONAL REAL;
accuracy : OPTIONAL REAL;
END ENTITY;

(*

Attribute definitions:

is_defined_in: The is_defined_in specifies the Cartesian_coordinate_space (see 4.3.1) in which the
Geometric_model is defined.

id: The id specifies the identifier of the Geometric_model.

version_id: The version_id specifies thelversion identifier of the Geometric_model. The version_id
need not be specified.

description: The description specifies additional information about the Geometric_model. The
description need not be specified for a particular Geometric_model. If present, there shall be exactly

one object that defines theldescription for a Geometric_model.

role: The role speeifies the function performed by the Geometric_model. Where applicable the
following values-shall be used:

— 'desigm shape': The geometry in the Geometric_model represents the shape of an item as
desigtied;

—¢ " 'idealized shape": The geometry in the Geometric_model represents a simplified shape.

EXAMPLE - A shape may be simplified for analysis purposes.

elements: The elements specifies the Representation_item instances which comprise the Geometric_-
model.

model_extent: The model_extent specifies the radius of a sphere that contains all elements of the
model and whose centre is at the origin of the Cartesian_coordinate_space (see 4.3.1) of the

6 © ISO 2001 — All rights reserved
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Geometric_model. The model_extent need not be specified for a particular Geometric_model. A unit
shall be associated with the model extent value.

accuracy: The accuracy specifies a distance which forms a zone of closure for elements in the model.
The value forms the radius of a sphere around points/ vertices and a cylinder around curves wherein
any other element within the zone is deemed to be coincident with the element being checked. A unit
shall be associated with the accuracy value.

4.3.4 Template_instance

A Template_instance is an occurrence of an object that has been defined in a different Cartesian_-
coordinate_space (see 4.3.1) as a Geometric_model (see 4.3.3). A Template_instance {s;an image
copy of this template definition into another Cartesian_coordinate_space where only, the location of
this copy has to be specified. Additionally uniform scaling, rotation, or mirroring information may be
applied to this copy.

NOTE In the case where the units of the Cartesian_coordinate_space of the definiition are different from the
units to be applied to the Template_instance, unit conversion is required. In case of length unit conversion
this has to be considered in addition to the scale attribute.

EXAMPLE - In a technical drawing of a mechanical part with s€veral identical drilling holes the hole
geometry (circle) together with its annotation elements (diamet€r dimension and centrelines) is defined
once with the name 'annotated drilling hole' and the purpose) 'drilling hole representation’. This particular
definition is instantiated several times at different locations\by*corresponding Template_instance objects.

A Template_instance is a type of Representation_itera;

EXPRESS specification:

*)
ENTITY Template instance
SUBTYPE OF (Representaticefuitem);

id : S$TRING;

scale : "OPTIONAL REAL;

template_definitiomi:' Geometric_model;

transformation : Transformation;
END ENTITY;

(*

Attribute definitions:

id: The id\specifies the identifier of the Template_instance.

scale: The scale specifies the scaling factor for all cartesian coordinate directions. The scaling factor
shall be positive. If the scaling factor is omitted it shall be 1.0. The scale need not be specified for a

particular Template_instance.

template_definition: The template_definition specifies the template to be instantiated. There shall be
exactly one object that defines the template_definition for a Template_instance.

transformation: The transformation specifies the cartesian transformation applied to the instance. All

transformations that can be expressed by an orthonormal 2 x 2 (for 2D) or 3 x 3 (for 3D) matrix can
be applied.

© ISO 2001 — All rights reserved 7
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EXAMPLE - Rotation or mirroring operations are examples to which these transformations can be applied.

4.3.5 Transformation

A Transformation is a geometric placement and orientation composed of translation and rotation.
Scaling is not included.

EXPRESS specification:

*)
ENTITY Transformation;
END_ ENTITY;

END SCHEMA;

(*

S Module interpreted model

5.1 Mapping specification

This clause contains the mapping table that showsshow each UoF and application element of this part
of ISO 10303 (see clause 4) maps to one or several MIM resource constructs. The mapping table is
organized in five columns. The contents of theége five columns are:

Column 1) Application element: Name of-an application element as it appears in the application entity
definition. Application entity names_are written in uppercase. Attribute names are listed after the
application entity to which they belpng and are written in lower case.

Column 2) MIM element: Name of an MIM element as it appears in the MIM, the term 'IDENTICAL
MAPPING, or the term~'PATH'. MIM entities are written in lower case. Attribute names of MIM
entities are referred toyas <entity name>.<attribute name>. The mapping of an application element
may result in sevefal Telated MIM elements. Each of these MIM elements will require a line of its
own in the tablé-jThe term TDENTICAL MAPPING' indicates that both application entities of an
application assertion map to the same MIM element. The term 'PATH' indicates that the application
assertion maps to the entire reference path.

Column 3) Source: For those MIM elements that are interpreted from the integrated resources, this is
the'number of the corresponding part of ISO 10303. For those MIM elements that are created for the
putpase of this part of ISO 10303 this is the number of this part

Column 4) Rules: One or more numbers may be given which refer to rules that apply to the current
MIM element or reference path. For rules that are derived from relationships between application
entities, the same rule is referred to by the mapping entries of all the involved MIM elements. The
expanded names of the rules are listed after the table.

8 © ISO 2001 — All rights reserved



https://standardsiso.com/api/?name=6835090de45c4278a0c38d3348353319

ISO/TS 10303-1004:2001(E)

Column 5) Reference path: To describe fully the mapping of an application entity, it may be necessary
to specify a reference path through several related MIM elements. The reference path column
documents the role of a MIM element relative to the MIM element in the row succeeding it. Two or
more such related MIM elements define the interpretation of the integrated resources that satisfies the
requirement specified by the application entity. For each MIM element that has been created for use
within this part of ISO 10303, a reference path up to its supertype from an integrated resource is
specified.

For the expression of reference paths and the relationships between MIM elements, the following
notational conventions apply:

a) [] : multiple MIM elements or sections of the reference path are required to satisfy anqnformation
requirement;

b) () : multiple MIM elements or sections of the reference path are identified as alfernatives within the
mapping to satisfy an information requirement;

¢) {} : enclosed section constrains the reference path to satisfy an information requirement;
d) -> : attribute references the entity or select type given in the following row;

e) <- : entity or select type is referenced by the attribute in the-following row;

f) [i] : attribute is an aggregation of which a single membei-is given in the following row;
h) [n] : attribute is an aggregation of which member s given in the following row;

1) => : entity is a supertype of the entity given(h the following row;

j) <= entity is a subtype of the entity given in the following row;

k) = : the string, select or enumeration type is constrained to a choice or value;

D\ : the line continuation fer'strings that wrap.

© ISO 2001 — All rights reserved 9
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5.2 MIM EXPRESS short listing

This clause specifies the EXPRESS schema that uses elements from the integrated resources,
application interpreted constructs or application module MIMs and contains the types, entity
specializations, rules, and functions that are specific to this part of ISO 10303. This clause also
specifies modifications to the textual material for constructs that are imported from the integrated
resources. The definitions and EXPRESS provided in the integrated resources or application

interpreted constructs for constructs used in the MIM may include select list items and subtypes which
are not imported into the MIM. Requirements stated in the integrated resources or applicafion
interpreted constructs which refer to such items and subtypes apply exclusively to those items(Wwhich
are imported into the MIM.

EXPRESS Specification:

*)

SCHEMA Elemental geometric_ shape mim;

USE FROM Foundation representation mim; -- ISO/TS 10303~1006
USE FROM basic_attribute schema -- ISO 10303-41

(description attribute) ;
USE FROM geometry schema -- ISO 10303-42

(geometric_representation item,
geometric_ representation context,
cartesian point,

placement,

axisl placement,

axis2_placement_2d,

axis2 placement 3d,

cartesian transformation operator,
cartesian transformation operator 2d,
cartesian transformation operator 3d);

USE FROM measure_schema -- IS0 10303-41
(global unit assigned \goritext) ;

USE FROM management resouxc¢es schema -- ISO 10303-41
(identification assignment) ;

USE FROM product property representation schema -- ISO 10303-41

(shape_representation,
shape representation relationship) ;

USE FROM representation schema -- ISO 10303-43
(functionally defined transformation,
global uricertainty assigned context,
item~defined transformation,
mapp&d item,
representation relationship with transformation,
uncertainty measure with unit,
value representation item);

NOTE 1 See annex D for a graphical presentation of this schema using the EXPRESS-G notation.
NOTE 2 The schema referenced above can be found in the following part of ISO 10303:
management_resources_schema ISO 10303-41

measure_schema ISO 10303-41
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basic_attribute_schema ISO 10303-41

product_property_representation_schema  ISO 10303-41

geometry_schema ISO 10303-42
representation_schema ISO 10303-43
foundation_representation_mim ISO/TS 10303-1006

5.2.1 Application module type definitions
This subclause contains the EXPRESS type definitions in this part of ISO 10303.
5.2.1.1 identification_item

An identification_item is an element which may have an identification.

EXPRESS specification:

*)

TYPE identification item = SELECT
(representation) ;

END TYPE;

(*

5.2.2 Module entity definitions

This subclause contains the EXPRESS entity definitions in this part of 1ISO 10303.

5.2.2.1 applied_identification. assignment
An applied_identification_assignment assigns an identification to a representation.

EXPRESS specification;

*)

ENTITY applied,<ddentification assignment
SUBTYPE OF «identification assignment) ;
items :(SET[1:?] OF identification item;

END_ ENTITY;
(*

Attribute definitions:

items: The set of one or more elements to which an identification may be assigned.
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EXPRESS specification:

*)
END_SCHEMA;
(*

18
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Annex A
(normative)

MIM short names

Table A.1 provides the short names for entities defined in the MIM of this part of ISO 10303,
Requirements on the use of the short names are found in the implementation methods included inISO
10303.

NOTE The EXPRESS entity names are available from Internet:
<http://www.mel.nist.gov/div826/subject/apde/snr/>.

Table A.1 - MIM short names of entities

Entity name Short name

APPLIED_IDENTIFICATION_ASSIGNMENT APIDAS

© ISO 2001 — All rights reserved 19
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Annex B
(normative)

Information object registration

P 1 Daemnmmentidentification
DT ooCumcnatnmaCation

To provide for unambiguous identification of an information object in an open system, the object
identifier

{ iso standard 10303 part(1004) version(1) }

is assigned to this part of ISO 10303. The meaning of this value is defined in ISO/HEC 8824-1, and is
described in ISO 10303-1.

B.2 Schema identification

B.2.1 elemental_geometric_shape_arm schema idéntification

To provide for unambiguous identification of the schemalspecification given in this application
module in an open information system, the object identifierstare assigned as follows:

{ iso standard 10303 part(1004) version(1) object(b),elemental-geometric-shape-arm-schema(1) }

is assigned to the elemental_geometric_shape_arm schema. The meaning of this value is defined in
ISO/IEC 8824-1, and is described in ISO 10303-1.

B.2.2 elemental_geometric_shape_mim schema identification

To provide for unambiguous identification of the schema specification given in this application
module in an open informationsystem, the object identifiers are assigned as follows:

{ iso standard 10303 part(1004) version(1) object(1) elemental-geometric-shape-mim-schema(2) }

is assigned to the-elemental_geometric_shape_mim schema short form schema (see 5.2). The meaning
of this value is'defined in ISO/IEC 8824-1, and is described in ISO 10303-1.
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Annex C
(informative)

ARM EXPRESS-G

The fn]]n\XIing diﬂgrnmq r‘nrrpqpnnd to the ARM EXPRESS ]iqting giw-n in clause 4_The dingrnmq

use the EXPRESS-G graphical notation for the EXPRESS language. EXPRESS-G is defined in annex
D of ISO 10303-11.

NOTE The inter-page referencing is to the diagram number and not the figure number.
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Figure C.1 - ARM EXPRESS-G diagram 1 of 1
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