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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 ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part in

the[work. TSO collaborates closely with the International Electrotechnical Commission (IEC) on|
majters of electrotechnical standardization.

Intprnational Standards are drafted in accordance with the rules given in the ISO/ IEC, Pirectiy
Pait 2.

The main task of technical committees is to prepare International Standards.’Draft Internatiq

all

es,

nal

Standards adopted by the technical committees are circulated to the member bodies for voting.

Publication as an International Standard requires approval by at least 75'% of the member bog
cadting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subjec
patent rights. ISO shall not be held responsible for identifying amny er all such patent rights.

IS 15531-32 was prepared by Technical Committee ISO*TC184/SC4, Industrial automation syst
and integration, Subcommittee SC4 Industrial data.

A gomplete list of parts of ISO 15531 is available fiom the Internet.

http://www.tc184-sc4.org/titles/

lies

t of

ms
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Introduction

Manufacturing resources form the basis and long-term potential of any company. The efficient use of
these resources is one of the main goals in industrial management. Comprehensive information about
available manufacturing resources is required in order to take the necessary decisions for efficient
resource usage. Since many different enterprise functions and therefore also different IT-systems are
dealing with manufacturing resources. A common, standardized model for resource description is
necessary. That standardised model should enable a company to communicate internally and

extfrnally about manufacturing resources and furthermore enable to build up an industrial compan
respurce database. Its basis will be the definition of an information model for the descripgtion
mapufacturing resources.

y’s
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A ¢omplete description of manufacturing resources is out of scope of this information-model. Only
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will mainly be used within process planning. This planning will result in the assignment

mal
res
cayl
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Th

relevant for decisions concerning the usage of manufacturing resources (€., Wwithin prog
ning or job scheduling) will be considered. Therefore only data desefibing manufactuy
burces in terms of their static and dynamic capabilities and capacities to perform manufactur

st two different types of capabilities. On the one hand, there exist” capabilities describin
hufacturing resource which are dedicated and unique characteristics in the context of resoy
hagement. On the other hand, there exist capabilities which areused within resource managen
represent a specific view on characteristics belonging origindlly to the product description d
hufacturing resource.

AMPLE some geometrical or shape properties may beleng-to the product description and may be needed
management of concerned resource.

prefore there is a strong link to the product defining data of manufacturing resources, e.g. descri
using the ISO 10303 standard.

the other hand, the data residing in"this information model for manufacturing resource managem
hufacturing resources and the-required technological parameters for resource utilisation and th
hits will be documented-by’ means of ISO 10303-240 On the other hand the data describ
ability and capacity ofimanufacturing resources will be used together with process plans as in

scheduling tasks which-will be conceptually defined in ISO 15531-4x series.

s part of ISO 15531 specifies a model of manufacturing resources that is written in EXPRESS

ess
ing
ing

ks are within the scope of this information model for resource usage-management. There mainly
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makes the fullest possible use of the “Integrated Resources” in ISO 10303. The model may thereffore

be

ised by other SC4 standards.

vi
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Industrial automation systems and integration —
Industrial manufacturing management data:

Resources usage management —

Part 32:

Conceptual model for resources usage management data
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1 | Scope

This part of ISO 15531 specifies the full description of the conceptual modél-for resources us

mahagement data, based on the resource information model and basic principles described in I

15%31-31.

The following are within the scope of this part 32 of ISO 15531:

—| The description of the conceptual resource information model and related definitions for resou
usage management data;

—| The EXPRESS description of the model and relatéd entities;

—| The EXPRESS-G diagram of the model.

2 Normative references

The following referenced documents are indispensable for the application of this document. For d4

references, only the edition cited ‘applies. For undated references, the latest edition of the referen

dogument (including any amendments) applies.

ISQ/IEC 8824-1, Information Technology - Abstract Syntax Notation One (ASN.1): Specification

Bayjic Notation.

ISQ 10303-1, Iudustrial automation systems and integration - Product data representation

exdhange - Part 1: Overview and Fundamental Principles.

IS 10303-11:1994, Industrial automation systems and integration - Product data representation

exdhange - Part 11: Description methods: The EXPRESS language reference manual.

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

ISO 10303-49, Industrial automation systems and integration - Product data representation and
exchange - Part 49: Integrated generic resources: Process structure and properties.

ISO 10303-214, Industrial automation systems and integration - Product data representation and
exchange - Part 214: Application Protocol: Core data for automotive mechanical design processes.

© ISO 2005 All rights reserved
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ISO 10303-224, Industrial automation systems and integration - Product data representation and
exchange - Part 224: Application Protocol: Mechanical product definition for process planning using

ma

chining features.

ISO 13584-1, Industrial automation systems and integration — Parts library — Part 1: Overview and
fundamental principles.

ISO 1358442 Inductrial automation svustens and intearation Doyt lihyaim, Doyt A2 nnonvirfl'on
] 42 Industrial 4 nsystens—aid-intearation —Parts Librapy — Part 42 Descrint

melthodology: Methodology for structuring parts families.

ISQ 15531-1, Industrial automation systems and integration - Industrial manufacturing management

data - Part 1: General overview.

IS
daf

IS
daf

3.1 Terms and definitions

For the purposes of this document, the following, terms and definitions apply:

3.1

att

a pjece of information stating a property~of an enterprise entity

NQTE — The concept provided here relates to the broad concept of entity as defined in European stand
ENJV 12204? The term entity used in the definition provided by the ENV 12204 has been replaced here

ent

defjned in ISO 10303-11,.The usage of this concept has been limited to the area of concern of ISO 1553
order to enable the use.of'the term “enterprise entity” instead of “entity and the field of application of the t|
attrjbute is restrictedtq enterprise entities.

[1S

3.1

ca?ability
| PPE £l

D 15531-31, Industrial automation systems and integration - Industrial manufdeturing managent
- Part 31: Resource information model.

D 15531-42, Industrial automation systems and integration - Industrialwianufacturing manageme
i - Part 42: time model

Terms, definitions and abbreviations

1
ribute

brprise entity as in ISO 15531-1 to avoid any confusion and inconsistency with the reserved term “ent

0 15531-317

2

ent

nt

5 Llat £ s iz zat
quaul.-y OT O a0TC O PUITOTTIT A~ ST v O aCtrvity

NOTE The capability is defined by a group of characteristics that describes functional aspects of manufacturing
resources or system.

[1S

O 15531-1]

© ISO 2005 All right reserved
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3

capacity
capability of a system, sub-system or resource to perform its expected function from a quantitative

poi

nt of view

EXAMPLE The capacity of a system or a resource to produce a given quantity of output in a particular time
period.

3.1

component

ap
[1S

3.1
dat
a
prd

[1S

3.1

definition of resource characteristics

set
NO

[1S

perties

D 15531-31]

L5

Foduct that is not subject to decomposition from the perspective of a specific application
” 10303-1]

L6

a

epresentation of information in a formal*manner suitable for communication, interpretation,)
cessing by human beings or computers

0 10303-1]

L7

of resources properti€s that are characterised by physical values

TE - Those physieal values may be qualitative or quantitative.

0 1553153)]

3.1

definition of resource views

L8

process of arranging abstractions into a structure organised according o their distinguishing

classified set of resource views

NOTE - Those resource view may be defined either by the user or catalogues.

[1SO 15531-31]

© ISO 2005 All right reserved
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3.1

9

generic resource
structure belonging to resource hierarchy and encompassing the common properties of several
resources

NOTE - The corresponding entity generic_resource includes a complete definition of the related attribute
without link to actual value.

[1S

15531-31]

3.1

inf]
fac]

[1S

3.1

int|
the
an
cot
of

[1S

3.1

inf]

a fprmal model of a bounded set of facts, congepts or instructions to meet a specified requirement

[1S

3.1

int
ap
pro

[1S

3.1

10
prmation
Ls, concepts, or instructions

0 10303-1]

11

prpretation

process of adapting a resource construct from the integrated resoufces to satisfy a requiremen
application protocol. This may involve the addition of restrictions on attributes, the addition
straints, the addition of relationships among resource constructs'and application constructs, or
he above

D 10303-1]

12

prmation model

” 10303-1]

13

pgrated resource

art of this International Standard that defines a group of resource constructs used as the basis
duct data

0 10303-1]

14

m

representation or description of an entity or a system, describing only the aspects considered to
rel¢vantfor its purpose

del

of

all

for

be

NOTE Entity is not used here with the meaning provided by ISO 10303-11 but with the sense usually given in
ENV 12204

[1SO 15531-1]
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3.1.15
object
concept or a physical thing which may exist in the real world

[1S015531-31]

3.1.16
process

eturad cot of Antiitioc v aluian g vaiaic ontargica ontitiac that 1o docianad and ~reganioad £

strpeturea—set-oiactves—RverHiRs—vartous—enterprse—entrtes—thatis—aestenea—ana—organsea—q

given purpose

NQTE The definition provided here is very close to that given in ISO 10303-49. Nevertheless ISO, 15531 nd
the|notion of structured set of activities, without any predefined reference to the time or steps. Ifi-addition, fi
the|point of view of flow management, some empty processes may be needed for a synchrofiisation purp
altough they are not actually doing anything (ghost task).

[1SD 15531-1]

3.1117

pr;Iduct
a thing or substance produced by a natural or artificial process

[1SD 10303-1]

3.1{18

product data

a mepresentation of information about a produetCin a formal manner suitable for communicati
int¢rpretation, or processing by human beings-or by computers

[ISP 10303-1]

3.1(19

property
a r¢al world characteristic which'is represented by either attributes or constraints

[1SD 15531-31]

3.1120

resource

any device,tool and means, excepted raw material and final product components, at the disposal of
enterprise;te produce goods or services

T a

eds
om

hev are defined here include human resources considered as specific means w
given capability and a given capacity. Those means are considered as being able to be involved in

the

manufacturing process through assigned tasks. That does not include any modelling of an individual or common
behaviour of human resource excepted in their capability to perform a given task in the manufacturing process
(e.g.: transformation of raw material or component, provision of logistic services). That means that human
resources are only considered, as the other, from the point of view of their functions, their capabilities and their
status (e.g.: idle, busy). That excludes any modelling or representation of any aspect of individual or common

«social» behaviour.

NOTE 2 This definition includes ISO 10303-49 definition.
© ISO 2005 All right reserved
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[1SO 15531-1]

3.1.21
resource characteristic
main property of a resource according to a given purpose

NOTE In ISO 15531 resource characteristics are mainly related to the management of the manufacturing

resqurces

[1SD 15531-31]

3.1{22
resource configuration
setfof properties of resource configured for a specific manufacturing task

[1SD 15531-31]

3.1.23
resource hierarchy
striicture designed to enable a classification of resources

[1SD 15531-31]

3.1(24
resources information model (RIM)
model of information addressing management of résources usage

[1SP 15531-31]

3.1125
resource status
prgperty which identifies an individual resource availability at some point in time

[1SD 15531-31]

3.1£26
resource view
spdcific set of tesource characteristic associated to a given purpose

[1SD 15531-31]

3.127

structure
a set of interrelated parts of any complex thing, and the relationships between them

[ISO 10303-1]

6 © ISO 2005 All right reserved
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3.1.28
structure of resource characteristics

set

of classified resource characteristics

[1SO 15531-31]

3.2 Abbreviations

Foi
ER
RI

SD)
4
IS

0OV¢
maj

with companies.

Ex
cof
Ne
alw
obj

Th

NO
poi

the purpose of this part of ISO 15531, the following abbreviation applies:

r the entire industrial process with the necessary mechanisms and definitions to end
hufacturing management data to be shared and exchanged within the factory, with other plants

thanges are made through different computer_systems and environments associated with
hplete industrial process. The standard is focused on discrete manufacturing but not limited tq
vertheless any extension to industrial processes which does not belong to discrete manufacturin

ective of the standard.

e following are within the scope of ISO 15531:

TE - Maintenance(eonstraints and relevant maintenance management data are taken into account from
ht of view of théir impact on the flow control.

P enterprise resources planning
M resources information model
Al standard data access interface
ISO 15531 general
D 15531 specifies the characteristics for a representation of manufacturing management information

ble
or

the
it.
b 1S

ays under consideration when it does notimply any contradiction or inconsistency with the iniftial

the representation of production and resources information including capacity, monitoring,
majntenance constraints and control;

the

the exchange and sharing of production information and resources information including storing,
trapsferring, accessing and archiving.

Th

p following are outside the scope of ISO 15531:

enterprise modelling;

NOTE - That means that tools, architecture and methodologies for the modelling of an enterprise in its whole

are

not in the scope of ISO 15531.

product data (representation and exchange of product information);

© ISO 2005 All right reserved
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— component data (parts library: representation and exchange of computer-interpretable parts library

information);

— cutting tools (electronic representation for exchange of cutting tool data);

— technical maintenance information (technical information such as those included in devices repair,

operation and maintenance manuals).

5 Conceptual information model 1or resources usage management data

5.1 Structure of the schema

Actording to ISO 15531-31 the conceptual information model for resources usage management datp is
striictured into six logical modules (see figure 1). The entity resource forms the ¢entral element within
the] schema. Each further description classifying or detailing a resource’s characteristics is related to
thig resource. The enumeration of these six modules follows a logical corder. The ascending order
corresponds to the sequences for developing an information model.

5 Definition of Resource Characteristics

Value Representation

Qualitative Value

|| Quantitative Value
|

'S

I Definition of
Resource Views

Tabular Layout

2 Structure of'\Resource
Characteristics

Characteristic Groups

3 Resource Status

of Article
Characteristic
User-defined Resource Resource Resource Resource
sesiee\,\Nlne Administration|| . Capability Constitution Capacity
|
R 6 Resource
esource Configuration
| |
1 Resource Hierarchy
Resouree Generic Specific Individual
Group Resource Resource Resource

Figure 1: Overview of resource information model

NOTE  Examples for the instantiation of the conceptual information model for resources usage management
are described in annex B.

© ISO 2005 All right reserved
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5.1.1 Resource hierarchy

(E)

A resource hierarchy can be represented by instantiating a resource group. A generic resource captures
generic characteristics of a resource type. A specific resource is the specialisation of a generic resource
and captures a set of characteristics which represent a resource which can or does exist. The individual
resource represents the occurrences of manufacturing resources within the business.

NOTE See box number 1 in figure 1.

5.]

Foi
a g
to 4

.2 Structure of resource characteristic

| resource characteristic.

the purposes of resource usage management, a resource characteristic comprises infermation about
bsource. The attribute classification enables the assignment of a resource characteristic classification

A 1esource administration represents a characteristic describing administratiye, information. A resorce

cay
res
res

NO

5.]

ability identifies a characteristic specifying a functional aspect of @ nranufacturing resource
burces. A resource capacity identifies a characteristic dealing with job related data.

TE See box number 2 in figure 1.

.3 Resource status

A tfesource status is assigned to each individual resetirce. The resource status indicates the availabi

or

NO

5.]

btherwise of the resource.

TE See box number 3 in figure 1.

| .4 Definition of resource views

burce constitution represents a characteristic describing the cofstitution of a manufactuiing

lity

A tesource view is derived from a specific aggregation of resources. A resource view is assigned fo a

Ies
Ies

NO

5.]

A1

burce user defined view-

TE See box number 4 in figure 1.

.5 Definition of resource characteristics

ph

ysieal values of the characteristic of a manufacturing resource

burce and can either be represented by a resource tabular layout of article characteristics or by a

esource representation is assigned to a resource qualitative or a resource quantitative to repregent

NOTE See box number 5 in figure 1.

5.1.6 Resource configuration

A resource configuration describes the configuration of a specific manufacturing resource.

© ISO 2005 All right reserved
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NOTE See box number 6 in figure 1.

5.2 Schema definition

The following EXPRESS declaration begins the resources usage management schema

ide

ntifies the necessary external references.

EXPRESS specification:

and

*

SC
RE

RE

RE

RE
(*

NO

*

RE
(*

NO

*

HEMA resources_usage_management_schema;
“ERENCE FROM management_resources_schema
(person_and_organization);
FERENCE FROM measure_schema
(measure_with_unit);
FERENCE FROM support_resource_schema
(identifier,

label,

text);
FERENCE FROM action_schema
(action_resource);

TE 1 The schemas referred to above can be found in the following parts of ISO 10303-41:
date_time schema: clause 16;
management_resources_schema: clause §;
measure_schema: clause 21;
support_resource_schema: clause 20;
action_schema: clause 10.

FERENCE FROM process_property. schema
(resource_property);

TE 2 The schemas referenced.above can be found in the following part of ISO 10303-49:
process_property schema:/clause 5.

REFERENCE FROM time schema
(point_in_time);
(*
NOTE 3 Th€ schema referred to above can be found in ISO 15531-42: clause 4.
*)
REFERENCE—FROM—S0135841HHC61360—cHetionray—sehema

(*

(property_bsu, class_bsu);

NOTE 4 The schema referred to above can be found in 1SO 13584 1EC61360.

10
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5.3 Resources usage management type definitions

5.3.1 Resource classification type

(E)

The resource_classification_type type is one means by which the value of manufacturing resource
characteristics can be classified. It enables values to be represented which relate to what a resource has
been proposed to achieve, what a resource is required to achieve and what a resource has actually

ach

ieved

EX

PRESS specification:

)
TY

EN
(*

PE resource_classification_type = ENUMERATION OF
(proposed,

required,

realised);

D TYPE;

S.
S.

Resources usage management entity definitions

1 resource, library_resource_assignment
and library property assignment

54.1.1 resource

Th
cla

e resource is the basic element for resource management. Each further detailed descripti
ssification or configuration of resources rélates to resource. A resource can be generic, specifid

individual and may in turn comprise of.aniumber of other resources. Each resource has characteris

ang

NO
app

EX

EX

a
0Co

E

can also be considered from different viewpoints.

TE : A resource is not related-a priori to a given activity. It exist and may be managed before
ointment to any activity (See'ISO 15531-1, ISO 15531-31). That is typically the case for Human resourcq

AMPLE 1: A Factory.can be considered as a resource, which contains other resources such as mil
hines and machine-opérators.

AMPLE 2: A 5¢axis machining centre can be considered to have a generic set of characteristics. Alternatiy
articular manufacturers 5 axis machining centre will have a specific set of characteristics. An ac
urrencesofid resource used within the enterprise is an individual resource

on,
or
lics

any

ing

rely
fual

PRESS specification:

*

ENTITY resource

SUPERTYPE OF (ONEOF(generic_resource, specific_resource,

individual_resource));

holds_view : SET OF resource _view;

described by : SET [1:?] OF resource_characteristic;
id : identifier;

name : label;

© ISO 2005 All right reserved
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contains - OPTIONAL resource_group;
used_in : action_resource;
END_ENTITY;

(*

Attribute definitions:

described_by: the set of resource characteristics entities that describes a manufacturing resource.

holds_view: the set of resource views that are defined for the resource.
id:[the identifier by which the resource is identified
name: the label by which the resource is known.

contains: the resource group which defines the set of manufacturing resources within this
mahufacturing resource

us¢d_in: the action resource utilising the resource.
5.4.1.2  library_resource assignment

A library property assignment is the association of the identification of a property, defined in| an
ISQ 13584-42 compliant library, with specializations 6f'resource characteristic_group.

EXIPRESS specification:

*

ENTITY library_resource_assignment;
library id: class bsu;
resource_link:label;

END_ENTITY;

(*

Attribute definitions:

library_id: identifier for the external dictionary.

resource_link;'the label for the resource.

5.4.13° library_property_ assignment

A library_property_assignment enables the characterisation of entities and types by a dictionary in
compliance with ISO 13584-42.

EXPRESS specification:

*

ENTITY library_property_assignment;
property: property_bsu;
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resource_capability_characterized: resource_capability;
resource_capacity_characterized: resource_capacity;
resource_classification_type characterized:
resource_classification_type;

END_ENTITY;

(*

Attribute definitions:

property_bsu.
resource_capability _characterized: characterization of resource_capability by an ISO~13584
cotppliant dictionary.

resource_capacity characterized: characterization of resource capacity by an “[SO 13584
cotppliant dictionary.

resource_classification_type_characterized: characterization of resource' classification_type by
ISP 13584-42 compliant dictionary.

5.4.2 Resource hierarchy

5.4.2.1 resource_group
a r¢source group describes a set of manufacturing resourées

EXIPRESS specification:

*
)
ENTITY resource_group;

described_by : SET [1:2}\OF resource;
END_ENTITY;

(*

Attribute definitions:

Depcribed_by: the set 6fresource which describes the resource_group.

5.4.2.2  generic_resource

A genericcresSource is a type of resource that is characterized by a complete definition of all rela
attfibutes¢without the mandatory link to actual company specific values.

the

42

42

an

ted

EXPRESS specification:

*

ENTITY generic_resource
SUBTYPE OF (resource);
END_ENTITY;

(*

© ISO 2005 All right reserved
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5.4.2.3  specific_resource

The specific_resource is a type of resource which is not abstract. It is a type of resource for which
occurances of the resource are likely to exist within the business.

Example: a company can be aware of the capabilities of a particular type of resource without having
that resource available for use within its manufacturing environment.

EX

PRESS specification:

*

EN

EN
(*

Attribute definitions:

belongs_to: the generic_resource the specific_resource is derivedAfrom.

5.4.2.4  individual_resource

An
ent

EX]
ma

ind

EX

ITY specific_resource
SUBTYPE OF (resource);

belongs_to : generic_resource;
D ENTITY;

individual_resource entity represents an actual.e€éurrence of a resource utilised within
prprise.
AMPLE - There may be a specific machine teol' of which the factory owns 3 identical machines.

hine may be in setup, one may be under sthaintenance and the other in operation. Each machine i
vidual resource.

PRESS specification:

*

EN

['ITY individual _resource
SUBTYPE OF (resaource);
occurrence_Status: resource_status;

the

Dne
an

belongs_to : specific_resource;
END_ENTITY;
(*
Attribute definitions:
ocqurrence_status: the status of the particular occurrence of this individual resource.

bel

14

ongs_to: the specific_resource the individual resource is derived from.
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5.4.3 Structure of resource characteristics
5.4.3.1 Resource characteristic

A resource_characteristic definition provides one piece of information needed and defined for
resource management purposes. The set of resource characteristics describes the set of information
needed.

EXIPRESS specification:
*)

ENTITY resource_characteristic;
Classification : resource_characteristic_classification;

value_of I resource_representation;

name : label;

id : identifier;

relates_to : resource_property;
END_ENTITY;

(*

Attribute definitions:

classification: the resource_characteristic_classification)to which the resource_characteriftic
belongs.

value_of: the resource_representation for this resource_characteristic.
id:[the identifier by which the resource_characteristic is identified
name: the label by which the resourcé\characteristic is known.

relptes_to : the resource property te which the resource_characteristic relates.

5.4.3.2 resource-characteristic_classification

The resource_charaeteristic_classification allows the classification of the resource characteristiq as
ong¢ of administration, capability, constitution or capacity.

EXIPRESS specification:
*)

EN-FITY resource_characteristic_classification
resource_capacity, resource_administration));
END_ENTITY;

(*
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5.4.3.3 resource administration

A resource administration is a type of resource characteristic classification that describes
administrative information of a manufacturing resource.

EXAMPLE Administrative information that are used for the management of resources on an enterprise level
are disposition characteristics, actual workload, economic characteristics and production cost. The approval of a
resource, especially for human resources is an example for disposition characteristics. A complex machine needs
the approval of a permitted person or organization to be used in general.

EXIPRESS specification:

*

ENTITY resource_administration

SUBTYPE OF(resource_characteristic_classification);
END_ENTITY;

S
5.4.3.4  resource_capability

A [resource_capability is a type of resource_characteristic{¢lassification that describes [the
furjctional aspects of manufacturing resources. In particular this'eemprises the specification of tasks of
theactivity which a manufacturing resource can execute.

NOTEL! A resource_capability can be described by its functidns, connections, technical characteristics.

EXIPRESS specification:
*)

ENTITY resource_capability
SUBTYPE OF(resource_characteristic_classification);
END_ENTITY;

(*

NQTE 2 Capabilities of a resource/that are necessary for the use of the RIM can be represented by referencp to
the|PLib dictionary defined in ISO 13584-1.

NQTE 3 refer to annex-D.ef ISO 15531 part 31 for further explanation of capability and capacity.

5.4.3.5 Resource constitution

A |resource constitution is a type of resource characteristic classification that describes [the
corlstitution of manufacturing resources. The description of the constitution comprises informafion
about the actual status of manufacturing resources.

EXAMPLE A resource_constitution consists of geometrical, tolerance, material and surface oriented
characteristics of resources.
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EXPRESS specification:

*

ENTITY resource_constitution
SUBTYPE OF(resource_characteristic_classification);
END_ENTITY;

(*

5.4.3.6  resource_capacity

A resource_capacity is a type of resource_characteristic_classification that describes the capagity
of manufacturing resources. The description of the capacity comprises information about thepotenitial
wolkload of manufacturing resources.

EXIAMPLE The maximum completion time or power available for a given milling machin€ is its capadity.
This maximum completion time, for example, may be limited technically by maintenance, humanly or by law

EXIPRESS specification:
*)

ENTITY resource_capacity
SUBTYPE OF(resource_characteristic_classification);
END_ENTITY;

(*
5.4.4 Resource status

A fesource_status provides information associated with an individual_resource as an element for [the
dedcription of the availability of the manufacturing’reésource.

EXIPRESS specification:
*)

ENTITY resource_status;
time_reference : point_in_time;
availability - ‘BOOLEAN;
END_ENTITY ;

(*

Attribute definitions:

tinmje_reference: the point_in_time to which the resource_status refers.

avdilability: the boolean value depicting the availability of the resource.

5.4.5 Definition of resource views

5.4.5.1 resource_view

A resource_view is a specific view of resource. A resource_view is described by a resource which
will typically be represented in turn by a resource_group

© ISO 2005 All right reserved 17
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EX

PRESS specification:

*

ENTITY resource_view

SUPERTYPE OF (ONEOF(user_defined_resource_view,

resource_tabular_layout of article characteristic));

described by : resource;

id : identifier;
name : label;
END _ENTITY:

(*

Attribute definitions:

des

id:

name: the label by which the resource_view is known.

5.4.5.2  User_defined resource view

A

chgracteristics suited to a given application.

NO
to g

EX
use

EX

cribed_by: the resource that is defined as relevant for this resource_view.

the identifier by which the resource_view is identified

user_defined_resource_ view is a resource view .that is a combination of resour

TE : This entity enable the user to select specific characteristic in its application, it may be defined accord
table of manufacturing properties (with a fixed set of'values).

AMPLE The selection of manufacturingy resources for a special shop floor area could be

PRESS specification:

*)

(*

5.4.5.3 <~ 'resource_tabular layout of article characteristic

A

ENTITY user_defined-resource_view
SUBTYPE OF(resource_view);
END_ENTITY;

ce

ing

an

r _defined_resource  view. Manufacturing resources could be grouped by their location, products they
manufacture and so on.

résource_tabular layout of article characteristic is a resource view that is used to comb

ine

and select physical and abstract objects with similar characteristics.

NOTE This resource _view enable the definition of properties by the supplier of the resource, on request, on
demand from the resource client (e.g. : very particular properties that needs a hand-making of a tool).

EXAMPLE The German standard DIN 4000 is an example for the usefulness of this combination to ease the

use

18

of article characteristics [8].
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EXPRESS specification:

*

ENTITY resource_tabular_layout of article_characteristic
SUBTYPE OF (resource_view);

time_reference : OPTIONAL point_in_time;
author: person_and_organization;
identifying _code: STRING;
graphics: STRING;

END_ENTITY;

(*

Attribute definitions:

tinje_reference: the point_in_time by which the
resource_tabular_layout_of article_characteristic refers.

author: identifies the author of the resource_tabular layout of article characteristic.
identifying code: identifier.
graphics: relates to a possible graphical representation.

NQTE The attribute graphics represents the name or file ‘dame of a graphical representation such g4s a
drapving.

5.4.6 Definition of resource characteristics

5.4.6.1 resource_representation

A |resource_representation defines ymanufacturing resource characteristics and supports [the
distinction between qualitative and quantitative values.

EXIAMPLE A resource_characteristic can be quantitative such as the capacity in hours of production tjme
for[a milling machine. A qualitative value of a resource could be its ability to be integrated in a production fell
including automation.

EXIPRESS specification:
*)

ENT I TY-2xésource_representation

SURERTYPE OF (ONEOF(resource_qualitative, resource_quantitative));
classification : resource_classification_type;
END ENTITY

(*

Attribute definitions:

classification: the resource_classification_type enumeration provides a classification of the value of
a manufacturing resource characteristic.
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5.4.6.2 resource qualitative

A resource_qualitative is a resource_representation that describes qualitative values of a

res

ource_characteristic.

EXAMPLE A resource characteristic of a manufacturing resource can have qualitative values such as its
automation, used palette system or palette identification.

PDRICQ e o
EXI’I\EQO SPCCILICAUIOUIL.

*)
EN

EN
(*

Attribute definitions:

[ITY resource_qualitative

SUBTYPE OF (resource_representation);
optional _descriptions: OPTIONAL text;
description: text;

D ENTITY;

opt
inf

des
NO

the
des

5.4.6.3 resource_quantitative

A

resource_characteristic.

EX
diny

EX

ional_descriptions: defines a optional qualitative values{providing additional qualitaf
prmation about the resource.

cription: text that relates to the nature of a qualitative representation.
TE The attribute optional_descriptions allows the definition of a set of optional qualitative values to m

qualitative description more concrete. In this context “qualitative” means: not exactly describablg
cribed in quantitative terms.

resource_quantitative is a resource_representation that describes quantitative values o

AMPLE 1 A resource_characteristic of a manufacturing resource can have quantitative values such as
ensions of the workpieces‘a resource can manufacture.

PRESS specifi€ation:

*

EN

[ITY resource_quantitative
SUBTYPE OF (resource_representation);
optional_descriptions: OPTIONAL SET OF measure_with_unit;

ive

ake
or

f a

the

déscription: measure with unit;

EN
(*

20
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Attribute definitions:

optional_descriptions: the set of measure_with_unit that give optional quantitative values to the
resource_characteristic.

description: the measure_with_unit that express the physical quantity of a resource_characteristic.

NOTE  The attribute optional descriptions allows optional descriptions that could be used to represent
different measures with umnit to ease the models use.

EXJAMPLE 2 The maximum temperature for a fluid could be fixed in degree Celsius or in degree Kelvin.

EXJAMPLE 3 The weight of a machine can be fixed in metric kilograms or in British pounds.

5.4.7 resource_configuration

The¢ resource configuration describes the configuration of resources for a specific manufacturing
task. The use of a resource by another one can be represented by reséurce configuration and by [the
curfrent resource status.

EXJAMPLE The resource milling machine includes the combination’of several cutting tools as a resource. THese
cutfing tools could be specific for the machine type and limit their'use. On the one hand the milling machinge is
limfted by tools that can be used (size, material). On the otherhand the tools as a resource can only be used by a
spepific machine and were limited in their use.

EXIPRESS specification:

*

ENTITY resource_configuration;
relating_resource: resource;
related_resource: resource;
END ENTITY;

END_SCHEMA; -- resources_usage management_schema;

(*

Attribute definitions:

relpting_reseurce: one of the resources which is a part of a given configuration.

relpted resource: resource which is a part of the configuration. If one element of the relationship is
dependent upon the other, then this attribute shall be the dependent one.

NOTE : In the example of the milling machine and cutting tools, the milling machine is the relating resource and
the cutting tools are the related resources. A configuration may be made of several relating resources, some of
them may use related resources or not.
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Annex A
(Normative)
Use of ASN.1 Identifiers in SC4 standards

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

iso standard 15531 part 32 version 1

is gssigned to this part of ISO 15531. The meaning of this value is defined in ISO/IEC 8824=1-andl is
dedcribed in ISO 15531-1.
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Annex B
(Informative)
RIM usage cases

B.1 General usage

B.1.1 Resource Information Models

(E)

Mgnufacturing resource information is fundamental to any decision making process’ |which| is
cerned with the use of manufacturing resources. Examples of decision making precesses which
ire manufacturing resource information include enterprise resource planning, process planning
production scheduling. The effective provision of resource information required for resource
ge management requires a clear model of that information. The model provided here offers a

(¢{0)
e

an
us
S

vie
ant

B.]

M3
car
pra
car
illy

—_

W

ex provides examples to describe the key elements of the resource information model.

|.2 Manufacturing Resources and Resource Hierarchies

chine tools, fixtures, cutting tools, manufacturing persornnel, pallets, transfer devices, coolant
all be considered as being manufacturing resources. The combination of a range of such resour

be combined in many different ways dependent on the purpose for which it is needed. Figure

Mognum H5-800

cture of information based on a flexible resource hierarchy, resource-characteristics, resoqrce
ws and resource status. The data values can be linked to existing parts-library information. This

etc
ces

vides a manufacturing capability which can be assessed in terms of its usage. Resource information

B1

strates the combination of a machine operator, a machine tool and a pallet changer. In combination
th cutting tools and fixtures this becomes a‘useful machining cell.

Figure B.1 A combination of resources to provide a useful resource

We can consider many combinations of resource. Figure B2 illustrates another example. Here an
assembly shop is illustrated which has a range of assembly machines each of which can perform
different assembly operations. The combination of these machines and the characteristics of each
influences the overall potential usage of the shop. The shop itself can be considered to be a resource

© ISO 2005 All right reserved

23


https://standardsiso.com/api/?name=9aa55c9ba163960eafeac316277a9c1a

ISO 15531-32 : 2005 (E)

with a set of characteristics as can each of the cells within the shop and each of the machine stations
within each cell.

The machine in Figure B1 is an example of a specific resource. It has a set of characteristics such as
capacity and capability. However if we consider it to be a machine supplier’s machine it is therefore
not an actual resource which exists within the business. This illustrates the difference between a
specific resource and an individual resource. An individual resource can be considered as a resource
occurrence which will have some status a some point in time. The machines illustrated in figure B2

$H

malag +adiadiral ras
are CXampros O marv iauar rosourcos:T

(@)

Wlndlng M;c_r;mé'g]/
N5

Rotary Jigs

| MIG Welding

O

F@ré B.2: An assembly shop example

respurces. The figure s 2 rotary jigs. Each one is an individual resource. However, they hpave
ideptical speciﬁcatiq%\ d a specific resource can be defined which captures their capability and

capjacity. Q~Q

The third s pe of resource is the generic resource. This is used to capture generic characteristics of
a 1psou pe. For example all turning centres have some generic capability; all 3-axis vertjcal
mmhnﬁ{%‘ centres have a generic capability.

The resource_group entity enables groups of resources and resource hierarchies to be developed to suit
the needs of the resource usage.

Figure B2 can be used t; ogfér a further example of the difference between specific and individual

B.1.3 Resource Characteristics

The resource characteristic is the means by which sets of values are assigned to resources. Each
resource is defined by a set of characteristics and each characteristic has a representation and a
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grouping. The representation of the characteristic simply relates to quantitative or qualitative values.
However the representation is also classified in terms of whether the value is a proposed value, a
required value or a value which has been realised. It is recognised that additional classifications may
be required and this can be achieved through the link from library properties.

The grouping of the resource characteristic is effectively another classification of the characteristic in
terms of whether it is concerned with the administration of the resource, the capacity or capability of
the resource or the constitution of the resource.

B.]1.4 Resource Views

While the recursive resource definition enables flexible resource groups to be defined a resotrce ay
be [viewed from a number of different perspectives. For example a factory may be considered to He a
respurce which can be broken down into shops, cells and stations. However, views. of the persornel
within the factory could be defined; views of a particular set of machine types could be defined; vigws
of the tooling for tool management purposes could be defined.

The resource view allows views of resources to be defined either as a user’defined view or followfing
the] DIN 4000-1 approach of specifying resources by a tabular layout of-article characteristics.

B.2 Autonomous production cell

By|common understanding autonomous production cells;stand for self-reliant production units, which
allow long lasting production cycles without any external intervention. These objectives require |the
capjability to react independently to disturbances -and modifications during the production procgss.
Nepw ways to allocate planning and control functions are developed within this context. Functiong of
the| autonomous production cell reach from CAD-data-input to delivery of the finished part. Thereffore
the| decentralised cell has to contain a-number of specific characteristics, by far exceeding d. g.
conpventional flexible manufacturing cells-f2].

Manufacturing processes are opetated in conformance to a parallel run of the corresponding prodess
model that predicts the planngd'performance. Any difference detected by sensors results in messagges
to the operator, who is ablé_to introduce the reaction. A disturbance management module propgses
mepsures and evaluates process situations in order to adapt planning bases later. A new user interface
is |developed, integrating alternative techniques for visualisation. Head-mounted displays with
striictured representation of necessary information support machine operators receiving and processing
dath within the<shop floor situation. The kernel of an autonomous production cell is formed by a
sophisticated~machine tool. It is completed by additional machines, that the cell to manufacture
working piecés of a nearly complete part family. Hence autonomous production cells represerjt a
bottomsup approach with a company-internal focus.

the integrated functions of the unit. Intermediate results of planning have to be stored in order to
provide necessary information for each step of order processing. For order specific information
management a feature-based product data model was developed and invented [3]. Resource
information, which is order-neutral, is the other decisive part of data management in autonomous
production cells. For each planning step a suitable set of information is required. Size and kind of
cutting edges are e. g. important data for NC-planning. A machine tool list with information about the
capabilities of the machine (processes, size, power, feed-rates etc.) is required to choose the
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manufacturing equipment during the planning process. The availability of current data about machine
tool condition, e. g. present tool magazine load, is crucial. Although all of these objects (cutting edge,
tool, machine tool) are resources, their totality contains more information than the single resource. The
cutting edge belongs to certain tools, which can only be used in certain machine tools. This hierarchic
structure has to be represented in a resource information model. Obviously a number of resource
classes can be defined. Each one is described by a certain set of parameters, which is also valid for
lower classes of the resource hierarchy. All machines have an inventory ID, an hourly rate or an axes
specification. Each milling machine is described by additional parameters like tool cone size or zero
Off eSOt "‘G“;;“‘GG‘ SHOUTG1OC-attC ;“:‘ i‘ ' ey eSotreectypPes—ana—Suo peS
together with its sets and sub-sets of parameters.

Allfrequirements mentioned so far must result in a resource information model.

Th¢ main requirements concerning the resource information model are the representation of a resoqrce
hieparchy and the representation of links between resources. Furthermore ‘inconsistencies and
redundancy must be avoided. In addition, in order to reflect the mentioned criteria of platform neuit]ral
locption, independent multiple data access has to be ensured. Therefore a_standard modelling method
resplting in a standardised model is necessary. Using the standard model for representing resoyrce
infprmation is an elementary condition for the exchange of this data between different users.

B.3 Human resources

Degpite increasing mechanisation of work in industry and;business [6], people are still associated wiith,
and are essential to most operating systems. Certainly<the worker’s role is changing, the worker bejing
relleved of many routine and/or hazardous tasks. This trend will continue, but there will always He a
negd for people, and the emphasis will thereforg’move to the design and management of worker-
mafhine systems.

Le{ us consider the situation in which.worker and machine are interdependent, in which neither fan
work effectively or continually witheut the other. When a worker uses a machine, a loop or closed
system results. The worker willwreceive certain information from the machine, either from dipls,
displays, etc., designed for that‘purpose, or by observations of the machine itself. He or she wvill
prdcess this information and_make decisions on what action, if any, to take and may then manipulate
conptrols or attend to the machine in some other way so as to affect its behaviour in the desired manijer.

A work system, whether manual, automated or a combination of both, is established to fulfil cerfain
joY| requirements,2Certain tasks or activities must be performed. One requirement in the design of [the
system, therefore, is the allocation of these tasks to the active parts of the system, i.e. their division
between manvand machine. This allocation of functions must reflect the abilities of man and machine,
thaf is their skills, capabilities and limitations.

In ‘theTomtexto -l-l; aITaZCIIIT V"non ,',are
essential for the manufacturing process of a product, their function, or their role, has to be considered,
therefore depicted by the term of “resources”. As such, the functions assumed by either man, or

machine, will have to be considered and allocated through a three steps analysis:

— step 1: job or task analysis: to determine jobs/tasks which must be undertaken by the work
system,
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— step 2: skill analysis: to identify the skills/abilities of the component parts of the work system, i.e.
the worker(s) and the machines;

— step 3: allocation of tasks: to allocate tasks from step 1 to the component parts of the system as far
as possible to match step 2.

All these functions can be found in the current Resource Information Model.

Th./ d[)phhd‘l)l‘lll._y Uf l.hC RCDUUILC IllfUlllldl.iUll IVIUL‘[CI o hullldll ICS0UICCS Wlll bC thWll hClC OlIl lhe
test case of a manufacturing company whose production is organised in three product lines~(three
types of screws), or “Channels”, called Scr1-C, Scr2-C and Scr3-C.

Ea¢h channel is responsible for its own production, from raw materials to despatch.
The number of people involved in the three production lines are:

—¢hannel 1: 20 (support) + 80 (production);

—channel 2: 10 (support) + 30 (production);

— kchannel 3: 6 (support) + 20 (production).

Ea¢h channel is in turn subdivided into several sub-channels;-Corresponding to:

— jdministration of the production line;

— ptandard products (screws and nuts, stock);

— lcustomer order products (small or big quantities, quick production).

Ea¢h sub-channel can be described according to the same organisational structure, in two ajxes
(mgichine tools and tooling, personnel) [see figure B3].
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mach. tools
tooling
sub-channel includes manufacturing
workstations
-1d supplies
- code
- channel name
- location
is_made up of process
machines
is_made up_of
personnel employee
- reference_number -~ Iéference_number
- qualification - employee name
flexibility oSl
- capacity
- current_use_priorities
Figure B.3: A resourceexample which combines people and equipment
Figure element Definition
ID reference of the channel
Code code of the channel
Chianel name name of the channel
Lofation physical location of the channel in the workshop
(layout)
Referenee:number personal id of the employee

Qualification recognized skills of the person

Flexibility pncqihﬂity tovary the time schedule (azork in
shifts), possibility of over time etc

Capacity normal working schedule: full time, half time,

holidays, illness, etc

Current _use_priorities

personal id of the employee

Employee name

name of the employee
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Table B.1: Legend for figure B.3
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People traditionally belong to a channel, however, when necessary and according to their skill
(represented by the entity resource_qualitative), workers can be allocated to another production line.
People working for the same channel belong to a resource_group.

The name of the worker is defined by a name. Individual resource will be used to describe the
worker by the role, the function he assumes within the channel.

Resource_status describes his current availability in the production system.

Fedtures of the personnel of the channel are defined through resource_characteristic, then classified
intp resource_characteristic_classification, super-type of the following entities:

—| resource_administration: for the general administration of company’s people,)through [the
channel they work for;

—| resource_capability: for human beings, this primarily concerns skills and competengies
possessed, responsibilities which can be assumed and authorities which'can be exercised by tham;

—| resource_capacity: providing the normal working schedule (full fime, half time, holidays, illngss,
etc.).

Geperally speaking, a resource_characteristic set provides information related to the people involyed
in the work system, describing their qualification, flexibility, capacity and current use priority| A
powerful use of this entity, when applied to workers, offers the possibility to deal with the conceptf of
“refource potential”: within a production system, it is important to be able to know if there is a
pogsibility of additional capacity for a resource, for example the extraordinary use of a person for an
extraordinary task. This potential is expressed in terms of resources, and defines a reserved capa¢ity
thaf can be allocated on demand. Of course,-this human resource potential relies on the skill of [the
wolker, his capacities and the current use priorities of the manufacturing company.
Onge this potentiality identified for @ gesource, its effective translation into the work system can| be
mafle by the entity resource_configuration, describing the configuration of the resource for a specjfic
mahpufacturing task.

This case study based onsthe description of the production line of a manufacturing company, from [the
point of view of the staff involved in the manufacturing process, provides a good example of [the
pogsibility of use of the Resources Information Model for representing human resources.

B.4 Software and Data set

The RIMis generic enough to be applied to any software or data set resources usage management data
as [well. Any needed specialisation may be obtained by reference to the ISO13584/IEC61360
dictiomary schema e tuded mthe modet:

First of all, a resource hierarchy can be defined using one or more resource_groups associated to one
or more generic_resources. That shall include the definition of a resource_view. Then a
specific_resource is a specialisation of a generic_resource, used to specify a given class of software
or data set, while the individual resource represents physically available software or data set.
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