INTERNATIONAL

ISO

STANDARD 15531-44

First edition
2010-12-15

Industrial automation systems and
integration — Industrial manufactur
management data —

Part 44:

ing

Information modelling for shop floor data

acquisition

Systemes d'automatisation industrielle et intégration — Donnges de

gestion de fabrication industrielle —

Partie 44: Modeélisation de l'information de gestion de fabricaf
l'acquisition*des données d'atelier

jon pour

Reference number

=7 — ISO 15531

-44:2010(E)

© SO 2010


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2010 — All rights reserved



https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

Contents

Fig
Fig
Fig
Fig

1
Terms, definitions, and abbreviated terms ......cccoecceeeeeeeeee. 2
Terms and definitions .........cooeeeveeesnecseiseissecsseccsnecnnes 2
Abbreviated terms..........cceeeeererceeeccneecnens 4
General purpose and scope of ISO 15531 .....ccccccevverersnnissrercens 5
Purpose, principles and structure of this part of ISO 15531 .......ccieevveegmyectinnncncnnncsnncsssdrssasncsnnenes 6
Purpose of this part of ISO 15531 .......cceveeverivrsncssnecsaecnnes 6
Basic principles of this part of ISO 15531 and overview of the main‘entities........ccceceeeseforsueicsarenes 7
Structure of shop floor data acquisition system .........cccecererceeeeencsle 9
The captured data and their organization ............. 11
The question of time......ccoeceeecueicsercssancscaenens 12
Size optimization .................... .13
The EXPRESS schema definition of shop floor captured data................ 14
Shop floor captured data schema definition .............. 14
Shopfloor_captured_data type definitions.........&.0..... 15
Shop floor captured data entity definitions ... .ceverrversuecnenes 16
Manufactured product.......c..cceeveressercscaenens 17
Orders......coeeeeeesecseeesaennn 18
Traceability ........cceeverevercreenennens 21
Productivity and_maintenance .....Ll.eeennneiessarcscnenne 22
(0 21F: 111, 25
) 2OEY1] 1 o S b 27
Time stamping and time reference .........cceeceeecueevsercscnrcscnenene 28
liography ......c.ccceeecevecunnee 39
). G ) D 40
ures:
ure 1: Functional Levels (From IEC 62264-1) .....ccceceeesuerenens 6
ure 2 : Sehema of the shop floor data acquisition and level 3 recording process.........cceeceeeseefossaeecsnnnes 10
ure 3:<Organization of the model: main data captured.........ccccevueevueesuecsunnane 11

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

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 techmcal commlttees Each member body interested in a subject for Whlch a techmcal committee has

adopted by the technical committees are circulated to the member bodies for voting. Publication as|an
Internationjal Standard requires approval by at least 75% of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this documeft may be the subject of patent
rights. ISQJ shall not be held responsible for identifying any or all such patent rights.

ISO 15531-44 was prepared by Technical Committee ISO/TC 184,SAutomation systems and integration,
Subcommiftee SC 4, Industrial data.

A complet¢ list of parts of [ISO 15531 is available from the Intetnet.

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

iv © SO 2010 — Al rights reserved


http://www.tc184-sc4.org/titles
https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

In

ISO 15531-44:2010(E)

troduction

ISO 15531 is an International Standard for the modelling of data used in the manufacturing management
(excepted product and component data as well as catalogue or library data that are modelled using ISO 10303
and ISO 13584). ISO 15531-31 and ISO 15531-32 address the modelling of data used for the management of
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el to be stored at the manufacturing management level and processed further at this eV

e following is within the scope of this part of ISO 15531:

quantitative or qualitative data collected from data acquisition systems at thé-control or managg
to be stored at the management level and used later on to manage manufacturing;

time stamping and time measurement provided from data acquisition Systems for control and m
data.

e following is outside the scope of this part of ISO 15531:
any data only related to remote and real time measurement and management;
product definition data as modelled in ISO 10303\(see ISO 10303-1);

catalogue and library data as modelled in ISO 13584 and ISO 15926;

management.

Normative references

e following referenced )documents are indispensable for the application of this document.
prences, only the edition cited applies. For undated references, the latest edition of the referenced
tluding any amendments) applies.

D 10303-L1,\Industrial automation systems and integration — Product data representation and
't 11: Description methods: The EXPRESS language reference manual

D A3584-1, Industrial automation systems and integration — Parts library — Part 1: Ovd

s part of ISO 15531 addresses the modelling of the data collected from data acquisition systems$ at control
el for any

ment level

anagement

control data that are only used at the,control level as well as those that are not used for manufacturing

For dated
| document

bxchange —

rview and

fun

THCTaTprincrpres

ISO 13584-24, Industrial automation systems and integration — Parts library — Part 24: Logical resource:
Logical model of supplier library

ISO 15531-1, Industrial automation systems and integration — Industrial manufacturing management data —
Part 1: General overview

ISO 15531-31, Industrial automation systems and integration — Industrial manufacturing management data —
Part 31: Resource information model
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ISO 15531-32, Industrial automation systems and integration — Industrial manufacturing management data:
Resources usage management — Part 32: Conceptual model for resources usage management data

ISO 15531-42, Industrial automation systems and integration — Industrial manufacturing management data —
Part 42: Time Model

ISO 15531-43, Industrial automation systems and integration — Industrial manufacturing management data —
Part 43: Manufacturing flow management data: Data model for flow monitoring and manufacturing data
exchange

3 Terms, definitions, and abbreviated terms

3.1 Tern'l: and definitions

For the putposes of this document, the following terms and definitions apply.

3.1.1
beginning|date
instance off point in time that identifies an event that is the starting point of sometiing noticeable and durab

NOTE Point in time is defined in ISO 15531-42.

[¢}

EXAMPLE Beginning date of a data capture occurrence, of a task, of a measure, or of a state change.

3.1.2
connection
junction off an identifier to another identifier related to an assemibly operation

EXAMPLE Joining of a part batch number to a subset.

NOTE A connection does not have property or attribute while association is a semantic relationship.
3.1.3
ending date

instance of point in time that identifies antevent which is the ending point of something noticeable that has had
duration

NOTE Point in time is defined inJSO 15531-42.
EXAMPLE Ending point of‘an-activity, of a data capture.
3.14

event
something [noticeablethat takes or can take place at a given place and point in time

EXAMPLE The start of a given activity, the anniversary of another event, the end of machine failure.

3.15

genealogy

connection that relates unique identifiers

EXAMPLE Joining a serial number to another serial number.

NOTE Genealogy is not a semantic relationship. For example no property or attribute is associated to the junction

between the serial numbers of the previous example.

2 © 1SO 2010 — Al rights reserved


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

3.1.6
hazard event
noticeable failure during a manufacturing process

NOTE The failure is noticeable enough to be recorded in the database. It can be caused by the resource on which the
event appears or by a previous event.

3.1.7
manufacturing
function or act of converting or transforming material from raw material or semi-finished state to a state of

T COTTIIPTotTIOTT

NQTE Definition adapted from APICS dictionary.
[IS 15531-1:2004, definition 3.6.22]

3.1,8

manufacturing order
do¢ument, group of documents, or schedule conveying authority for the manufacture of specifigd parts or
prdducts in specified quantity

NQTE 1 A manufacturing order identifies a unit of scheduled work to be, manufactured; it includes, fon example, a
refgrence, a quantity and a due date. The manufacturing order is also the event-that triggers a manufacturing operation.

NOTE2  Adapted from APICS dictionary.

3.119

manufacturing process
striictured set of activities or operations performed upen material to convert it from the raw mgterial or a
serhi-finished state to a state of further completion
NQTE Manufacturing processes may be arrangediin process layout, product layout, cellular layout or fiked position

layput. Manufacturing processes may be planned te,support make-to-stock, make-to-order, assemble-to-ordet, etc., based
on ftrategic use and placements of inventories,

[ISP 15531-1:2004, definition 3.6.25}

3.1{10
operation mode
ong of the ways of operationiexpected from a resource and set up in a given application

NQTE 1 Each machiné-ean have one or more operation modes (e.g. automatic, step-by-step, manual) defermined by
the|type of machine and-its application.

NQTE 2  The opgration mode is selected from the available ones by the operator.

NQTE 3  The\operation mode is represented in the model by the entity mode (see 6.7.2).

3.(11
process
structured set of activities involving various enferprise entities, that is designed and organized for a given
purpose

NOTE The definition provided here is very close to that given in ISO 10303-49. Nevertheless ISO 15531 needs the
notion of structured set of activities, without any predefined reference to the time or steps. In addition, from the point of
view of flow management, some empty processes may be needed for a synchronisation purpose although they are not
actually doing anything (ghost task).

[ISO 15531-1:2004, definition 3.6.29]

© 1SO 2010 — Al rights reserved 3
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3.1.12

product defect
anomaly identified, during a control, on a badly manufactured product

3.1.13
resource
device, too

NOTE 1

| and means at the disposal of the enterprise to produce goods or services

Resources as defined in ISO 15531-1 except raw material, products and components that are considered
from a system theory point of view as parts of the environment of the system and do not belong to the system itself.

Furthermorr . this definition includes the definition from ISO 1030349 but is included in the definition that app“pc for
ISO 18629-]14 and ISO 18629-44 that also includes raw materials and consumables as well as ISO 18629-13.

NOTE 2 |Resources, as they are defined here, include human resources considered as specific means withJa given
capability ahd a given capacity. Those means are considered as being able to be involved in the manufacturing prog¢ess
through ass|gned tasks. That does not include any modelling of an individual or common behaviour of uman resoyrce
excepted in|their capability to perform a given task in the manufacturing process (e.g. transformation'of raw materiall or
component,|provision of logistic services). That means that human resources are only considered, @s,the other ones, ffom
the point off view of their functions, their capabilities and their status (e.g. idle, busy). That excludes any modelling or
representatipn of any aspect of individual or common “social” behaviour.

NOTE 3 |Adapted from ISO 15531-1:2004, definition 3.6.43.

3.1.14

state

condition ¢r situation during the life of an object during which it satisfies some condition, performs sgme
activity, or] waits for some event

[ISO 15745-1:2003, definition 3.31]

NOTE The meaning of state here is similar to the meaning of'state in “state automaton”.

3.1.15

work ordgr

unit of scheduled work, that can be dispatched to a resource and addresses a specific phase of [the
manufacturing process

NOTE A work order can be dispatched:to a physical device and/or a human (or group of humans), that are the fwo
subclasses pf the entity resource. This work order consists of lower level elements and is a component qf a
manufacturing order.

3.2 Abbrpviated terms

KPI Key Performance Indicator

LAN Local Area Network

PLC PlUgldlllllld‘UlC LUgib CUlli.lUFlCl

PLIB Parts Libraries (ISO 13584)

MANDATE Manufacturing Data Exchange (ISO 15531)

STEP STandard for the Exchange of Product model data (ISO 10303)

4 © 1SO 2010 — Al rights reserved
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General purpose and scope of ISO 15531

ISO 15531, also known as MANDATE, specifies the characteristics for a representation of manufacturing
management information over the entire industrial process, with the necessary mechanisms and definitions to
enable manufacturing management data to be shared and exchanged within the factory, with other plants or
with companies.

Exchanges are made through different computer systems and environments associated with the complete

industrial process. ISO 15531 (see ISO 15531-1, ISO 15531-31, ISO 15531-32,

ISO 15531-42 and ISO

15531-43) focuses on discrete manufacturing but is not limited to it. Nevertheless, any extension to industrial

prdcesses which does not belong to discrete manufacturing 1s always under consideration when
imply any contradiction or inconsistency with the initial objective of ISO 15531.

The following are within the scope of ISO 15531:

NOTE 1 Maintenance constraints and relevant maintenance management data are\taken into account from
view of their impact on the flow control.

The following are outside the scope of ISO 15531:

—enterprise modelling;

within the scope of ISO 15531.

—product data (representation and exchange of product information);

ops

TE(

TE 2 That means that tools, architecture and méthodologies for the modelling of an enterprise as a w!

component data (parts library: ‘répresentation and exchange of computer-interpretable pe
prmation);

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

technical maintgnance information (technical information such as those included in devi
ration and maidtenance manuals).

[ 62264- Iidentifies the following five levels for the functions related to manufacturing operatior

Level 0 that addresses actual physical process;

it does not

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

the point of

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

hole are not

rts library

ces repair,

1

Level I that addresses functions involved in the sensing and manipulating the physical process;

— Level 2 that addresses functions involved in the monitoring and controlling of the physical; process

— Level 3 that addresses functions involved in managing the work flows to produce the desired end-
products;

— Level 4 that addresses functions involved in the business-related activities needed to manage a
manufacturing organization;

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

Figure 1 shows the hierarchy of functional levels

Business Planning & Logistics

Level 4 Plant Production Scheduling,
Operational Management, etc
A
Level|3 Manufacturing
Operations & Control
Levels

2,1,

ISO 1553
manufactu
15531 add
operations

S Purg

5.1 Purp
The data 4

Batch Continuous Discrete

Control Control Control

Figure 1: Functional Levels (From IEC 62264-1)
addresses the modelling ofNany data (excepted product data) that are suitable to man
fing operations (See ISO 15531-31, ISO 15531-32 and ISO 15531-43). Even if in this context |

resses level 3 or level 4 functions it models any data suitable for the management of manufactu
including data that are.collected at other levels.

ose, principles and structure of this part of ISO 15531

pse of this’part of ISO 15531

hoe
SO
ing

icquisition process in a shop floor collects data at level 2 (shop floor level), it provides t

identificati

eir

pri_and their content before their provision to the level 3 (Manufacturing management level). Thiese

manufacturing data may address the devices, the manufacturing batches, the products or the staff. They are
requested for the KPI calculations, for the manufacturing and quality monitoring and for the improvement of
manufacturing operations. They enable also the validation of shop floor models and scheduling scenario.

The compliance to a model eases the collection and organization as well as the handling of the data in the
database built at level 3 (Manufacturing management level) for historic and management purpose and the set
up, of shop floor monitoring systems as well of their interoperability,
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5.2 Basic principles of this part of ISO 15531 and overview of the main entities

According to the fact that the model shall be as generic as possible and easy to specialize, the entities
described in the model are themselves as generic as possible. Their specialisation, if needed, shall be obtained
through the use of PLIB libraries (See ISO 13584-1 and ISO 13584-24). In that case the specialisation process
is roughly described in the standard.

The model is mainly focused on the relationships between the manufacturing process events, activities, state
changes, it enables nevertheless the modelling of any data collected at level 2 for a manufacturing
management and or improvement purpose (level 3).

Th¢ main entities defined or used in the model are listed and outlined below:

NOTE 1 Some entities that are referenced from other schema and/or are service entities ar¢ .just described and
spegified in clause 6, but they are not listed nor described below

—| Duration_reference;
—| Equipment;

—| Equipment_header;
—| Hazard_event;

—| Manufacturing_batch;
—| Manufacturing_order;
—| Manufacturing_order_header;
—| Manufactured_product;
—| Material_consumption;
—| Measurement_result;
—| Mode;

—| Product_defect;

—| State;

— Stock;

— Time_reference;
— Work_order.

The batch entity addresses the lot of products or components scheduled to be produced or the lot of products
or components that is produced in a range of operation.

NOTE 2  For discrete products or components the batch may be a standard set of products or components scheduled to
be manufactured, while for non-discrete products the batch is the quantity that is planned to be produced in a given
period based on a formula or recipe that is often developed to produce a given number of end items (APICS dictionary).

© 1SO 2010 — Al rights reserved 7
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NOTE 3  This standard only describes and use the manufacturing_batch entity which is a specialisation of the batch
entity according the the fact that it is mainly focused on discrete part manufacturing. In case of non-discrete product it is
up to the user to modify this manufacturing_batch entity to take in account non-discrete products, or to add the parent
entity (batch) or to add another specialisation of the batch entity that addresses non-discrete products.

The duration_reference entity specifies a specific duration to which all the collected duration have to refer or
to be related in order to guarantees the consistency between the durations collected.

The equipment entity describes a physical device that is used during a manufacturing process to transform
raw material and/or component into a more finished component or product Equlpment is a sub-class of
resource. The other specialisation of e entity TCSOUICE 15 TUIMAl WIICIT 15 ot used and ot modeited 11 this
standard.

The equipment_header entity includes all the needed information that is predefined and related to |the
equipment|independently of its mode, status and of the work-order it operates.

The entity] hazard_event addresses unexpected noticeable incidents that occur during”the manufactuifing
process.

EXAMPLE]1 A failure on a resource (equipment, human,...) is an hazard_event. The failure shall be important enojigh
to be recorded.

The entity jmanufacturing_batch, which is a specialisation of batch for‘manufacturing products, addressgs a
lot of prodjicts manufactured or to be manufactured in the same range.of.operation.

EXAMPLE]2 a set of products which will undergo the same work order;

The entity| manufacturing_order represents the document or group of documents associated to a lof| of
components and/or products scheduled to be produced.

The manufacturing_order_header entity includesvall the needed information that is predefined and [not
modified by the manufacturing process actually funning.

The entity manufactured_product refers.to the product all along its manufacturing life cycle.

NOTE 4 Mhanufactured_product is a specialisation of the ISO 10303 product entity (see ISO 10303-1 and ISO 10303-
41 ed3).

The materfial consumption-entity describe for traceability purpose the volume, number and supplier batch
number ofl raw materialyand parts of all kind used and consumed during the manufacturing process and
corresponding to a given-phase of the work order.

The entity jmeasurement_result represents the result of a control. Measurement_result is a specialisation of
the measure éntity of ISO 10303-41.

The entity mode reflects the operation mode that is one of the ways of operation expected from a resource and
set up in a given application.

EXAMPLE 3 An operating mode of a machine may be: normal, degraded, closed.

The entity product_defect is a description of an anomaly detected on a product, semi-finishedproduct or sub-
assembly. This detection leads to a discard of the concerned product.

The entity resource may includes two subclasses: the entities equipment and human. A special care has been

taken to avoid that this model enables the monitoring and eventually the sanction of a individual in the staff.
No identification of a given employee shall be possible through the model. Then the entity human has not

8 © 1SO 2010 — Al rights reserved
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been decribed nor used in this standard. If developed such an entity shall only model a group of person and/or
a generic type of human resource.

CLINNT3

NOTE 5 A human resource may be “operator”, “technician”, it cannot be an individual while an equipment resource may
be identified as a specific instance of the resource.

The entity state addresses the condition or situation of equipment which satisfies some conditions, performs
some activities, or waits for some events.

EXAMPLE 4 The state of an equipment may be automatic production, adjustments, maintenance.

NQTE 6 The entities state and mode are compliant to IEC 60204 and ISO 12100 (see ISO 12100-1 and ISO-1P100-2)
The entity stock represents products, components or raw materials which are not on the fabrication [ine.

The¢ time reference entity reference a specific point in time that is used to establish.the needed rqlationships
between the various point in time related to the data collected locally by different systems.

The entity work_order represents the unit of scheduled work that may'be dispatched to a repource and
addresses a specific phase of the manufacturing process.

5.3 Structure of shop floor data acquisition system

The structure of the shop floor data acquisition system is shown in Figure 2.

© 1SO 2010 — Al rights reserved 9
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Translation software

Pata collection (level 2)

Raw data collected from
heterogeneous equipment

Fieldbuses Fieldbuses
Manufacturing Manufacturing
Equipment Equipment
(Level 1) (Level 1)

Standardised
and time /_ \
referenced \/
Historic recording software data
Historic
y Database
Standardised data
(Real time) (Level 3)

N

Equipment

(Level 1)

Manufacturing

Figure 2 : Schema of the shop floor data acquisition and level 3 recording process

— The dpta gathering is made essentially of two components: a system dedicated to the communication

with manufacforing elements and a watcher that enables the cycle or event based gathering of the shop flpor

data. The picking up of the data may be p
interfaces between humans and machines;

NOC

— The translation program transforms in real time the picked up raw data (that represent several
standardized data, that may be super-imposed, approximated or expressed in units that are specific to the
equipment) into standardized data with well known format and meaning:

— The recording software set up, makes and enriches the database of history and events log. It also checks
the consistency of events, it aggregates the beginning and the end or events provided by the translation
software, it releases the recording in the historic database. It is here that the biggest problem of size and size

evaluation occurs.

10
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5.4 The captured data and their organization

The data that are picked up in the shop floor are classified according to their main use. For all activities, the
first set of data addresses manufacturing orders. The other data are organized according to the diagram
presented in Figure 3.

Times
Manufacturing Order, Equipments
Ref: Work Orders,
clerence Manufacturing batches
Duration
Configufation
A ‘ A 4 v
Traceability )
Manufacturipg
l Productivity,
Maintenance Quality management
Association l l
(genealogy) Stocks
Measurement
Hazafd,events result
Raw material
Humans
Consumption Modes
Product
Product States defect
Figure 3: Organization of the model: main data captured

The logic of the diagram presented in Figure 3 is the following.
The upper boxes identify common entities related to the time, to the work-orders, the equipments used and the
configuration while the boxes under the line identify specific entities related to the manufacturing process.

These specific entities are organized in the following four groups:

— The first one encompasses the entities related to traceability (association, raw material consumption,
product);

— The second one addresses the entities related to productivity and maintenance (hazard event, mode, state);

© 1SO 2010 — Al rights reserved 11


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

— The third one addresses the entities related to quality (Measurement result, product defect);
— The fourth one encompasses the entities related to manufacturing management (stock, humans).

In the context of this standard, there is no entity dedicated to the concept of genealogy. The genealogy is the
capability to find component and/or compound of a manufactured product (manufactured_product) from its
serial number (manufactured product id). This function is only available for products that have a serial
product. It doesn’t exist for common placed production.

This functjon is mandatory. In this standard it is supported through the fact the the manufactured_product
entity is fecursive since one manufactured product entity may be made of one (or more)“other
manufactyred_product entities (association relation).

EXAMPLE|One usage of this genealogy is the identification and traceability of defective component batches ; one other
is the retrieyal of adjustment value for the thermic part ( “son” element) of a magnetothermic cifeuit breaker (“father”
element).

5.4.1 Manufacturing management data

— Stock monitoring;
— Staff thanagement.

5.4.2 Qujality management

— Measyres made on sub-components or final products;
— Defects on sub-components or products checked as bad.

5.4.3 Prgductivity and maintenance

— Follow-up of equipments risks (defects);
— Follow-up of changes in MODE (see-EN 292-2, IEC 60204 and ISO 12100);
— Follow-up of changes in STATUS (see IEC 60204 and ISO 12100).

5.4.4 Traceability

— Sub-cpmponent agsdciation (genealogy);

— Raw material’consumption;

—  Unitany product follow-up.

5.5 The question of time

5.5.1 Time stamping and time measure
The installation of a time stamp on an event may occur at any step of the picking process with the following
constraints:

— the time stamping is all more accurate that it is made early. Even if the data capture system is actually a
real-time one, it introduces some delay that is variable. In the data capture chain, all the buffers, retry process,
examination cycles are decreasing accuracy (they increase the entropy of the system). In that case, it may be

12 © 1SO 2010 — Al rights reserved


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

possible to avoid delays related to the checking, to the information progress through the LAN and to the data
processing. Time stamping can be done at the source with a resolution of 10ms with a PLC. If performed by
the translator it may be unnecessary to go under Is;

— the stamping is all the more homogenous between the various events and the various shop floor sections
when it is late in the process. That enables the set up of relationships and correlations between data that are
not bound by any other thing than the time.

NOTE It is delusive to keep the time stamping of several hundred of PLC exactly at the same time. A one hour shift in

time stamping may hinder the identification of a relationship between events normally linked together.
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b time stamping made by a crossed data processing system improves the requested conSistd
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ear as a redundancy. In fact beginning date and ending date are related to eventsswhile duratio

undancies between these data only if beginning date refers to the event “‘start of the activity”
refers to the event “activity achievement”. Even in that case this “redundancy” may be used
accuracy of the synchronisation between different data sets collectedat different date from dif
uisition systems. It also enables the recovery of missing data in cas€ of cumulated hazard events

pugh RFID tag in association with data collected through:different LAN may also contribute tg
chronisation.

AMPLE 1 A hazard event starts. Then the system updates the recording every minutes. In case of f3
nexion the ending date becomes missing but can beapproximately recovered through the beginning d

nection duration.

pther big interest of this recording of béginning date, ending date and duration, is related to the
the verbs used in nearly all request'seftware.

AMPLE 2 A request based on “WHERE” will use beginning date and ending date while request base]
ction” will use duration.

period of observation before the event time stamping has a significant impact on the precisi
mping as well as on-the shortest event that will be possible to observe. When the event is tim

network it is’gven possible to customize periods of observation that may be different and may
concerned equipment.
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hop, floor.

According to that it becomes mandatory to reduce as far as possible the volume of data to be recorded.

One solution is obviously to aggregate information that is similar (the same kind of information). That means
to only keep the recording of just one event that is able to summarize a whole period of observation. Of course
the precise progress of events during this period is lost in this case.

EXAMPLE 1 Instead of the recording of all the measures made on the 1000 products manufactured during the day, it
may be possible to only store the average, the standard deviation and the number of measures made.

EXAMPLE 2 Instead of memorizing any machine failure along the day, it is possible to summarize for each machine or
group of machines the number of failures by kind of failure or by the duration only.
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It is obvious that a high level of summarization implies that the possibility of further analyse is reduced with

the same rate. Besides, in that case, the possibility of correlation with other events is drastically reduced.

EXAMPLE 3 In the case of machine failures, it becomes impossible with an aggregate to determine if some
manufactured references are involved in this failure. That may need correlation with the equipment risk and

manufacturing orders.

6 The EXPRESS schema definition of shop floor captured data

6.1 Shopfloorcaptured-dataschemadefinition

The following EXPRESS declaration begins the shopfloor captured data schema and identifies

necessary ¢xternal references.
See ISO 10303-11 for the specifications of EXPRESS.

EXPRESS|specification:

)
SCHEMA phopfloor captured data schema;
REFERENCE FROM support resource schema
(identifier,

label,

text) ; -— ISO 10303=4%1

(*

*)
REFERENCE FROM product( définition schema

(produck) ; -— ISO 10303-41

(*

the

*)
REFERENCE FROM measure schema
(measure with unit,

context dependent unit,

unit); -- ISO 10303-41

(*

14
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REFERENCE FROM resource usage management schema

(resource) ; -— ISO 15531-32

(*

*)

REFERENCE FROM time domain schema

(ipterval of time, -— ISO 15531-42
pofint _in time);

6.2 Shopfloor captured data type definitions

6.2l1 type of movement

A type_of _movement is an alphanumeric string that{dentifies the different possibilities of mo

stofage device is able to provide.

EXIPRESS specification:

*)

TYPE type_of_movement = SELECT
(stock_in, stock.eut, stock_taking);

END_TYPE; —~_type_of_movement

(*

6.2l2 stock"in

Ong of the-three types of movement applicable to stocks.

ement the

EYDDFSS opnr\;ﬁr\aﬁnn'

*)

ENTITY stock_in;

END_ENTITY;

(*

NOTE  Used for products entering the storage device.

© 1SO 2010 — All rights reserved
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6.2.3 stock_out

One of the three types of movement applicable to stocks
EXPRESS specification:

*)

ENTITY stock_out;

END_ENT LIV

(*

NOTE Useq for products leaving the storage device.

6.2.4 stofk taking

One of th¢ three types of movement applicable to stocks.
EXPRESS specification:

*)
ENTITY Ektock_taking;
END_ENT[TY;

( *

NOTE Use( to count the number of manufactured products in the inventory.

6.3 Shop|floor captured data entity definitions
6.3.1 Manufacturing management
6.3.1.1 Btock

A stock is fonstituted of produets, component or raw materials which are not on the fabrication line.

EXPRESS]|specification:

*)

ENTITY gteck;

contains: manufactured_product;
refers_to: OPTIONAL manufacturing batch;
stored_on: equipment;

quantity: OPTIONAL measure_with_unit;
move: type_of_movement;

date_of_movement: point_in_time;
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END_ENTITY;

(*

Attribute definitions:

contains : specifies the manufactured products that are stored in this stock.

refers_to: specifies the manufacturing_batch to which this stock belongs.

sto fcd_on : 1dentilies the equipment on which the stock 1s stored.

qug

mojve: identifies one of the three possibilities defined in the entity type_of movement.

date_of movement : point_in_time that characterizes the date of the movements

6.4

Mgnufactured_product is a specialisation of the product entity (from1SO 10303) that is a thing p

the
ns

model” of which all the concerned instances belong.

EXIAMPLE a manufacturted product may be contactor madel to which each contactor instances that at
manufactured in the same manufacturing_batch belong.

EX

ntity : is the actual size of the stock.

Manufactured product

manufacturing process; it may be a finished or partly-finished product. Manufactured_produd
ance of which the manufacturing process is in progress. Manufactured_product is actually th

PRESS specification:

*)

EN|

UN

TITY manufactured_producty
manufactured_productihid: identifier;
is_made_of: SET ([0:?] OF manufactured_product;
relates_to: product;

belongs_t6H~“OPTIONAL manufacturing batch;

TQUE

URIs>manufactured_product_id;

END“ENTITY;

roduced by
t is not the
e “product

e stored, or

(*

Attribute definitions:

manufactured_product_id; identifies the manufactured_product.

is_made of : specifies which manufactured_product is used in the assembly.

related to: specifies the products to which the manufactured_product relates.

belongs to: OPTIONAL, refers to the manufacturing_batch to which the manufacturing_product belongs.

© 1SO 2010 — All rights reserved
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6.5 Orders

6.5.1 Manufacturing_order

See the definition in clause 3.1.8. A manufacturing order is composed of all the work orders corresponding to
the range of the manufactured product identified in the manufacturing order to be produced.

EXPRESS specification:

*)

ENTITY manufacturing_order;
is_cpmposed_of: SET [0:?] OF work_order;
headpr: manufacturing_order_header;
durakion: interval of time;
endihg_date: point_in_time;
begihning date: point_in_time;
END_ENT[ITY;
( *

Attribute definitions:

is_composgd_of : list of work_orders that belong to the;:iianufacturing_order.

header: idgntifies the manufacturing_order_header-that includes all the attributes that are predefined for this
manufactyring_order.

duration : interval_of time during which,the activities and/or phases to which the manufacturing_order
refers, sprdad out .

ending dafe : point_in_time of the event that marks the actual end of the activities to which the
manufactyring_order refers (not'the scheduled ending time).

beginning |date : point_jn\time of the event that marks the actual starting point of the activities to which the
manufactyring_order-sefers (not the scheduled starting time).

652 M

The manufdctuting order header is defined to include all the information that is predefined for
manufacturing_order and not subject to change during the manuiacturing process.

nufacturing_order_header

the

EXPRESS specification:

*)
ENTITY manufacturing_order_header;
manufacturing order_id: identifier;

customer_order: OPTIONAL label;
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manufacturing order_label: OPTIONAL label;
symbol : string;

quantity: context_dependent_unit;

measure: unit;

due_date: point_in_time;

UN|

ENDP_ENTITY;

(*

Attribute definitions:

mahpufacturing_order id : identifies the manufacturing_order towhich this

CuSs

mahufacturing_order label: OPTIONAL enables the reéeording of specific information.

syT]

qug
Th

me
dug
beg

6.5

A
bel

TQUE

URl: manufacturing_order_id;

manufacturing_order_header refers]

tomer order: OPTIONAL identifies the customer order'to-which this manufacturing_order ref|

hbol: specify a reference of the product to manufacture.

ntity: provides the quantity of product\te be manufactured according to this manufacturing ordg
s quantity may or may not have a pnit:

psure: provides the unit used{or the evaluation of the quantity.
_date: identifies the date'to’which the manufacturing shall be achieved.

linning_scheduled-date: identifies the scheduled beginning_date.

L3 Manufacturing batch

manufacturing batch is a set of manufactured products. It is the gathering of manufacturg
pnging.te the same work order.

CTS.

=

d products

N

TE~] a batch consists either of finished products, semi-finished products or sub-assemblies but never cot

sists of raw

material.

NOTE 2 the entity manufacturing_batch has been designed as a specialisation of a possible entity batch (not described in
this standard) focusing on discrete part manufacturing. Nevertheless it may be used has it is for non-discrete products.
The appellation manufacturing_batch enables user to add another specialisation of the entity batch to take in account

pos

sible generic attributes specific to non-discrete products if needed.

EXPRESS specification:

*)

EN

TITY manufacturing batch;

© 1SO 2010 — All rights reserved
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is_made_of : SET [0:?] OF manufactured_product;

is_managed_by : manufacturing order;

batch_id : string;

size

context_dependent_unit;

duration : interval of time;

endi
begi

END_ENT

(*

RS I 2 i o)

7

rg—da + pointdn

hning date : point_in_time;

[TY;

Attribute definitions:

is_made off: specifies which manufactured_products belong to the batch.

iS_manage

batch_id: gllows a batch to be identified

size: repre

duration: ipterval of time during which the activities and/or phases to which the work order refers, spres

out.

ending_dat

ents the number of manufactured_product in the.batch.

refers (nof the scheduled ending time).

beginning |
work_ord

br refers (not the scheduled'starting time).

6.5.4 Wqrk_order

A work ordler represents the.€xecution of a particular process phase of the work range.

Work ord
manufact

EXAMPLE wh11e a manufacturmg order addresses the manufacturmg of a lot of products (for example) alon

manufactur

ring_batch.

concerns a component (for example) processed on a given equlpment of this lme

EXPRESS

specification:

*)

ENTITY work_order;

work_

order_id: identifier;

is_part_of: manufacturing_order;

20

1 by: the evolution of the batch is given by the manufacturing-~order.

e: point_in_time of the event that marks-the actual end of the activities to which the work_orde

date: point_in_time of the event that marks the actual starting point of the activities to which th

er is related~to a given equipment and to a manufacturing order that is related to a gi

d

]

Ay

yen

2 a

that
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is_performed_on: equipment;
duration: interval of_time;
ending_date: point_in_time;
beginning date: point_in_time;

processed_gquantity: context_dependent_unit;

T Esz O - oot £ dornandant 1102+ .
= ¥ = =

ISO 15531-44:2010(E)

n 3 3 3
pPTrocrer o—geretrreTT ey — A T —orepeT Tty

produced_quantity NOK: context_dependent_unit;
previous_work_order: OPTIONAL work_order;
TQUE

UR1l:work_order_id;

ENDP_ENTITY;

(*

Attribute definitions:

WO
is_|

is_|

rk order id: allows the work order to be unikely identified.

performed_on: identifies the equipment on which the work_order is processed.

part_of : identifies the manufacturing_order tg;which this work_order belongs.

dugjation: interval_of time during which-the activities and/or phases to which the work order refefs, spread

out.

eng

refers (not the scheduled ending time).

bed
wo

prd

prd

rk_order refers~(not the scheduled starting time)

AVAY

cessed quantity: counts the quantity of products that are manufactured on an equipment.

ling_date: point_in_time of the event that marks the actual end of the activities to which the wortk order

inning_date: point\in’_time of the event that marks the actual starting point of the activities to which the

duced quantity OK: counts the quantity of good products that are manufactured on an equipment.

pr

d d yays AN 1 s | fadt £1 | | tatloot £ o4 | 2 t
jvisiviwie \.iualll,ll.)’ INUIN. CUUILILS UIv \.iualll.ll.)’ vl vad PlUuubLD uldl aiv 11iaiuiravtuirvy Ul dall CllulPlll n .

previous work order: is optional and when present identifies the work order which has just been finished.

6.6 Traceability

6.6.1 material_consumption

volume, number and supplier batch number of raw material and parts of all kind used and consumed during
the manufacturing process and corresponding to a given phase of the work order

EXPRESS specification:

© 1SO 2010 — All rights reserved
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*)

ENTITY material_ consumption;
supplier_batch _number: string;
gquantity: OPTIONAL measure_with_unit;

internal_reference: string;

used] for: manufactured_product;
corrgsponds_to: OPTIONAL work_ order;
date] of_consumption: point_in_time;
used] equipment: equipment;
END_ENTLTY ;
(*

Attribute definitions:

supplier_bitch number: batch number of the part used or consumed.provided by the supplier of the part.
quantity: provides the quantity of material or part used or consumed during the assembly process.
internal_refference: name of the material or part used within the company.

used for: product or sub-assembly within whichcthe material or part is incorporated.

corresponds_to: work_order during which the material or part has been used or consumed.

date_of cqnsumption; point_in_time ‘at'which the material or part is consumed.

used equipment; equipment ofiwhich the material or part is consumed.

NOTE The jnformation abotit the phase of the work order is not mandatory

6.7 Productivity and_maintenance

6.7.1 Hafard. event

An hazard evemtisamunpredicted and armf o cident that occurs Quring @ WOTK process.

EXPRESS specification:

)
ENTITY hazard event;
hazard event id: identifier;

hazard event type: string;
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hazard event gravity: string;
hazard event location: equipment;
relates to: OPTIONAL work order;
beginning date: point in time;

ending date: point in time;

duration: 1nterval of time;
UN[LQUE

UR1l: hazard event id;

URZ2 : relates to;

END ENTITY;

(*

A

—+

fribute definitions:

hagard event id: allows a hazard_event to be uniquely identified.

hagard event type : allows a hazard_event to be classified.

hagzard event gravity : allows a hazard_event_gravity to be fixed.

harzard_event location : allows the hazard_event to be associated to a work_order.

relgtes-to: OPTIONAL, provides the manufacturing code number that identifies the work_order to[which the
hazard_event may relate.

NQTE The work_order identified here is the work_order that is running when the hazard-event occurs.

beginning_date : pointin_time of the event that marks the actual starting point of the incident that|is referred
to by the hazard_event.

ending_date : point_in_time of the event that marks the actual end of the incident that is referred to by the
hazard_event.

dullation vinterval _of time during which the incident spread out.

6.7.2 Mode

The entity mode identifies the operation mode that characterizes the way of operating for the equipment
and/or the work unit in the phase concerned by the work order. It is selected into a list of value that is
associated to the equipment or work unit in a PLIB library (See ISO 13584-1 and ISO 13584-24). It identifies
the different working situations of an equipment.

EXPRESS specification:

*)

ENTITY mode;
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mode_1id: identifier;

name

: label;

description: text;

beginning date: point_in_time;

ending_date: point_in_time;

dura

A antorszal £ +ima-.
T el ’

He-

occu
UNIQUE
UR1:
END_ENT
(*

Attribute d

rred_on: equipment;

mode_id;

[TY;

cfinitions:

mode id :

name: enalples easy identification of the mode.

descriptiorn

beginning |

ending_dafe : point_in_time that characterizes\the actual end of the current mode.

duration : interval_of time during which\thé current mode is active.

occurred_(

6.7.3 State

The entity
performed

EXPRESS

specification:

bnables the current mode of the equipment to be identified.

: text that describes and specifies the mode.

date : point_in_time that characterizes the actual starting point of the current mode.

n; equipment on which the current mode is active.

state identifi¢s a particular condition or situation of the equipment on which the work order is

*)

ENTITY state;

state_id: identifier;

name

: label;

description: text;

beginning date: point_in_time;

24
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ending _date: point_in_time;
duration: interval of_time;

occurred_on: equipment;

END_ENTITY;

(*

Attribute definitions:

stafe id : enables the current state of the equipment to be identified.

natpe: enables easy identification of the state.

degcription: text that describes and specifies the state.

beginning_date : point_in_time that characterizes the actual starting point of the current state.
ending_date : point_in_time that characterizes the actualend of the current state.

dugation : interval_of time during which the current state is active.

ocqurred on; equipment on which the current-$tate is active.

6.8 Quality
6.8.1 Measurement result

Quplitative and/or quantitative control made on a manufactured product or on the manufacturing
vetjification purpose.

line for a

EXJAMPLE This conttol/may be made to verify, for example, if the manufactured product is or risks to be dffected by a

profuct-defect.

NQTE The entity measure of ISO 10303-41 (STEP) represents the measure made on a manufactured_pro
if there issproduct defect or not. In this standard a measurement_result does not mandatory relate to a prod
may be'for example related to a manufacturing efficiency, that is a difference with STEP definition.

EXPRESS specification:

*)

ENTITY measurement_result;
name: label;
description: text;

applies_to: OPTIONAL manufactured_product;

© 1SO 2010 — All rights reserved
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occurred_on: equipment;

shows: product_defect;

date_of_measurement: point_in_time;

measure_unit: OPTIONAL unit;

measure: OPTIONAL measure_with_ unit;

END_ENT £#5¥+

(*

Attribute d

efinitions:

name: identifies the name of the measure that leads to this measurement result.

descriptior
applies_to
occurred d
shows : th
date of m
measure_ul

measure: (
measureni

: text that describes the measure made.

. the measure is made ona manufactured_product.

n: equipment on which the measure is made.

e measure reveals product_defect.

asurement: point_in_time at which the measure isade.

hit: OPTIONAL, defines the unit to be used toGnterpret the measurement_result.

)PTIONAL, identifies the fact a mesure_unit is needed (or not) to interpret the
ent_result.

6.8.2 Product-defect

A product

efect is the reporting of a meéasure which reveals that the quality of the product is out of the qua

criteria defiined. Each type of report‘has its own name, describing the issue.

EXPRESS

specification:

*)

ENTITY

defe

broductvdefect;

rt”id: identifier;

lity

relates_to: OPTIONAL product;

is_shown_by: OPTIONAL measurement_result;

defect_date: point_in_time;

defect_type: label;

END_ENTITY;

(*

26
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Attribute definitions:

defect id: allows a product_defect to be identified.
relates to: OPTIONAL identifies the product to which the product_defect may be associated.
is_shown_by: is revealed by the measure as it is described in ISO10303-41 (STEP).

defect date : point_in_time of the event that marks the actual moment where the product_defect is detected.

deflect type : describes the kind of the detected defect.

6.9 Resource

6.91 Equipment

Eqpipment is a physical device that is used during a manufacturing process to trafisform raw matgrial and/or
component into a more finished component or product. Equipment is a sub-class, of resource and when used is
referenced in a work _order.

EXIPRESS specification:

*)
ENTITY equipment;
allows_the_execution: work_order;
is_made_of: SET [0:?] OF equipmént;
informs_person: resource;

header: equipment_header:
equipment_mode: lalkel;
equipment_state:\_label;

END_ENTITY;

( *

Attribute definitions:

allTws_the_execution: identifies the work_order that can be performed when the equipment is reafdy.

is_made of: identifies the equipments from which this equipment is made of.

informs_person: informs about the type of human resource that is working on this equipment for this
work_order.

header: equipment_header that includes all the attributes that are predefined for this equipment.
equipment_mode: identifies the working mode of this equipment for this work_order.

equipment_state: identifies state in which the equipment is.

© 1SO 2010 — Al rights reserved 27


https://standardsiso.com/api/?name=75c88ae78e96e9ea869526445e97b563

ISO 15531-44:2010(E)

6.9.2 Equipment header

The equipment header includes all the information needed on the equipment that are predefined and not
subject to changes during the manufacturing process. It may, for example, include configuration information.
Some of this information is company and context specific.

EXPRESS specification:

*)

ENTITY eguipment header:

equipment_id: identifier;
equipment_label: OPTIONAL label;
UNIQUE
URl:| equipment_id;
END_ENTLTY;
(*

Attribute definitions:

equipment| id: identifies the equipment to which this equipment header refers.

equipment| label: OPTIONAL enables the recording of ne&ded information on the equipment (e.g.
configuration information).

6.10  Tiime stamping and time reference

6.10.1 Time reference

The entity| time_reference is the speeific point_in_time that is used to establish the needed relationships
between thie various point_in_times collected locally by different systems.

EXPRESS|specification:

*)
ENTITY pime_réflerence;

refefrericé_date: point_in_time;

END_ENTITY;

(*

Attribute definitions:

reference date: identifies the point_in_time to which the different point_in_times collected should refer
through specific relationships.

6.10.2 Duration_reference

The entity duration_reference is the specific duration to which all the collected duration has to refer
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EXPRESS specification:

*)
ENTITY duration_reference;
reference_duration: interval of time;

END_ENTITY;

(*

Attribute definitions:

refprence_duration: identifies the interval_of_time to which the collected durations refetythrough sj
relationships.

END_SCHEMA;

pecific
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Annex A
(normative)
Information object registration

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

1so standard 15531 part 44 version 1

is assigned to this part of ISO 15531. The meaning of this value is defined in ISO/IEC 8824-1.
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Annex B
(informative)
EXPRESS listing

ISO 15531-44:2010(E)

This annex provides a listing of the EXPRESS specified in this part of ISO 15531. No text or annotation is
included. The computer interpretable form of this annex is provided in the file ISO TC184/SC4/JWGS8 N570.

TC184/SC4/JWG 8 N570 2010-05-05
EXPRESS DECLARATIONS FOR ISO 15531-44

SCHEMA shopfloor_captured_data_schema;
REFERENCE FROM support_resource_schema
(identifier,

lapel,

tekt) ; -- ISO 1Q0@03-41

REFERENCE FROM produc¢t_definition_schema

(product) ; -—- ISO 10303-41

REFERENCE FROM measure_schema

(measure_with_unit,
context_dependent_unit,

unit) ; -- ISO 10303-41

REFERENCE FROM resource_usage_management_schema

© 1SO 2010 — All rights reserved
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(resource) ; —-- ISO 15531-32

REFERENCE FROM time_domailn_schema

(interval_ of time, -—- ISO 15531-42

point_in_time) ;

TYPE type_of movement = SELECT
(stofk_in, stock_out, stock_taking);

END_TYP

L1

; -- type_of_movement

ENTITY btock_in;

END_ENTITY;

ENTITY ptock_out;

END_ENT[TY;

ENTITY Ektock_taking;

END_ENT[ITY;

ENTITY gtock;
contpins: manufactured_product;
refefs_to: QPTIONAL manufacturing batch;

storpd_on+ equipment;

quan 11‘}17- OPTTONAL mecasurce with units

move: type_of_movement;
date_of_movement: point_in_time;

END_ENTITY;

ENTITY manufactured_product;

32
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