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Smart Factory 
Automation  
§  of various individual processes 

§  production 
§  warehouse 

(Enterprise-wide) integration  
§  of machines and processes 
§  factory as one organism  

Control 
§  machines and processes 
§  monitoring, analytics, and diagnostics  
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Smart factories 
are in heart of 

Industry 4.0 



Software View on Smart Factories 
Smart factory is 
§  fully computerized  
§  software-driven (system) 
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Software View on Smart Factories 
Smart factory is 
§  fully computerized  
§  software-driven (system) 

Software levels 
§  embedded in machines 

Ex: Conveyor belt system 
§  simple controlling  

§  positioning 
§  speed 
§  safety: emergency stop 
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Conveyor belt system 

27 Connection cable for PROFIBUS, per metre LM9181 5

28 Wire stripper for PROFIBUS cables LM9184 1

29 Safety measurement cable (4mm), 100cm/40", blue SO5126-9A 1

30 Safety measurement cable (4mm), 100cm/40", red SO5126-8U 1

IMS 1.3: AC transport system  

IMS 1.3: AC transport system  

The conveyor belt system is the element that connects all of the subsystems and thus forms the backbone of
the entire production line. In the IMS® production line the conveyor belt systems are self-contained modules,
which can be integrated with the sub-systems as needed. Basic processes like “positioning” and “speed” can be
demonstrated with just this simple system. The three-phase motor with a frequency converter allows the speed
to be continuously modified. 

Training objectives for AC transport system

Making controlled movements on a single axis

Generating ramps for the frequency converter

Incremental positioning of a workpiece carrier

Disabling movement forwards or backwards

Program for monitoring slip and whether a machine is stopped

Safe handling of various safety circuits and locks.
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Software View on Smart Factories 
Smart factory is 
§  fully computerized  
§  software-driven (system) 

Software levels 
§  embedded in machines 
§  controlling several machines 

 Ex: Manufacturing  
       conveying sub-system 
§  combines  

§  Conveyer belt system  
§  Routing system 
§  Storage system 

§  orchestrated by complex controllers  
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Mechatronics  
Sub-System with  

Siemens PLC 

Mechatronics Sub-Systems with Siemens PLC

Mechatronics Sub-Systems with Siemens PLC

All IMS sub-systems are composed of several individual IMS components. They can be connected to any
programmable logic controller by means of standard connectors. Before IMS sub-systems are connected in
larger installations, the requisite knowledge and skills should be learned with the aid of multi-media UniTrain-I
courses.

IMS sub-systems with Siemens S7 and experiment manuals: it is of course also possible to follow the
conventional route and connect a sub-system to an industrial-type programmable logic controller and put
it into operation.

 

Training objectives for sub-systems:

Analysis of functional relationships

Set-up and adjustment of sensors

Introduction to electrical and pneumatic function modules

Configuration of mechatronics sub-systems

Investigation of the flow of energy and information

PLC programming
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Software View on Smart Factories 
Smart factory is 
§  fully computerized  
§  software-driven (system) 

Software levels 
§  embedded in machines 
§  controlling several machines 
§  controlling the whole plant 

 
Supervisory level 
§  plant-wide  

§  integration 
§  orchestration of processes  

§  plant-wide  
§  monitoring  
§  diagnostics of machines and processes 
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Software View on Smart Factories 
Smart factory is 
§  fully computerized  
§  software-driven (system) 

Software levels 
§  embedded in machines 
§  controlling several machines 
§  controlling the whole plant 
§  management level software 

§  ERP 
– Manufacturing resource planning  
–  Finance  
–  Human resources 
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Software Challenges 
Challenges 
§  Software development 
§  Software integration  
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software development: ~40% of the 
price of manufacturing machines 

 
estimated by Mechanical Engineering Industry 

Association (VDMA)  [2011] 

Smart factory 
fully computerized and software-driven 
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Information Models for Smart Factories 
Factory-wide info. models  
§  address challenges 

§  SW development 
§  SW integration 

§  capture knowledge  
on all SW levels  
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Fig. 2. Extracts of the yogurt production MES-ML-Models with visualization of selected links.

Within these interviews quantitative as well as qualitative data
were collected. All participants pointed out that they entirely

comprehend the MES-ML models during the workshops inde-
pendently of their previous knowledge and background. During
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Information Models for Smart Factories 
Factory-wide info. models  
§  address challenges 

§  SW development 
§  SW integration 

§  capture knowledge  
on all SW levels  

 
Industrial standardisation is critical 
§  ensures: safety, security, robustness, … 
§  sets “good practices” for  

industrial automation 
§  bases for industrial information models 
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Challenges with Existing Information Models 
Reality of Information Models 
§  many types of models co-exist in one factory 
§  often incompatible models  

§  independently developed 
§  use different (often incompatible) formats  
§  come from different types of proprietary software  
§  may not come with a well-defined semantics 
§  specification can be ambiguous 

Consequences 
§  applications 

§  ad hoc customization for various models 
§  loosely integrated 

§  model management is a nightmare  
§  development  
§  maintenance 
§  integration 
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Can Semantic Technologies  
make life easier? 



Ontologies as Information Models 
Industrial Adoption of Sem. Tech. 
§  A lot of research  
§  Industry started adapting Sem Tech 

§  Statoil, Aibel, Siemens 
§  OWL 2 and RDF Benefits 

§  W3C standard  
§  a lot of tooling 
§  clear (machine process.) semantics  
§  flex. data standard: storing, exch. 
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Outline 
Intro 
§  Smart factories and the role of software  
§  Industrial information models to facilitate smart factories 
§  Ontologies as industrial information models 

 
Our project 
§  goals 
§  achievements 
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Capturing  
Industrial Information Models with 

Ontologies and Constraints 



Our Project Goals 
1. Ontology language for industrial info. models 
§  better understanding  
§  set foundations for ontologies capturing  

§  master data ~ industrial standards 
§  domain specific model ~ concrete factories 

§  study 
§  expressiveness  
§  management tasks: ontology and data oriented 
§  algorithms: to efficiently accomplish the tasks 

2. Concrete ontologies 
§  to show modeling capabilities and practical benefits for industry 

 
3. Modelling Methodology and Tooling 
§  cost efficient for creation & management of IIM – w/o SWeb background 
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Goals 
1.  Onto language for IIM 
2.  Concrete ontologies 
3.  Modelling methodology  

and tooling 



Our Achievements  
Ontology language for IIM 
§  expressiveness  
§  algorithms 

 
Concrete ontologies 
§  2 ontologies 
§  experiments 

Modeling methodology and tooling 
§  SOMM systems 
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Goals 
1.  Onto language for IIM 
2.  Concrete ontologies 
3.  Modelling methodology  

and tooling 



Ontology Language for Industrial Info Models 
 Analyzed two (sets of) industrial standards 
§  Manufacturing  

§  IEC 62264 à ISA 88 and ISA 95 
§  Energy 

§  IEC 81346  à ISO/TS 16952-10  
à RDS PP and KKS 

§  Consolidated modeling requirements  
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4.7 Process segment  

4.7.1 Process segment model 

A process segment is a logical grouping of personnel resources, equipment resources, and material 
required to carry out a production step. A process segment defines the needed classes of personnel, 
equipment, and material, and/or it may define specific resources, such as specific equipment needed. 
A process segment may define the quantity of the resource needed. 

Figure 5 is a copy of Figure 17 in IEC 62264-1, with a clarification of the relationship to the personnel, 
equipment, and material models, and with an additional object to contain the process segment 
dependency. 

 

 

Figure 5 – Process segment model 
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Table 27 lists the attributes of process segment. 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 

4.5.2 Personnel class 

Table 3 lists the attributes of personnel class. 

Table 3 – Attributes of personnel class  

Attribute 
name 

Description Example 

ID A unique identification of a specific personnel class. 

These are not necessarily job titles, but identify classes that 
are referenced in other parts of the model. 

Widget assembly operator 

Description Additional information and description about the personnel 
class. 

“General information about widget 
assembly operators.” 
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4.5.7 Qualification test result 

Table 8 lists the attributes of qualification test result. 

Table 8 – Attributes of qualification test result  

Attribute 
name 

Description Example 

ID A unique instance identification that records the results from 
the execution of a test identified in a qualification test 
specification for a specific person. (For example, this may 
just be a number assigned by the testing authority.) 

T5568700827 

Description Additional information and description about the 
qualification test results. 

“Results from Joe’s widget 
assembly qualification test for 
October 1999.” 

Date The date and time of the qualification test. 1999-10-25 13:30 

Result The result of the qualification test. For example: pass, fail Pass 

Result unit of 
measure 

The unit of measure of the associated test result, if 
applicable. 

{Pass, fail} 

Expiration The date of the expiration of the qualification. 2000-10-25 13:30 

 

4.6 Equipment  

4.6.1 Equipment model 

The equipment model contains the information about specific equipment, the classes of equipment, 
equipment capability tests, and maintenance information associated with equipment. This 
corresponds to a resource model for equipment, as defined in ISO 15704:2000. 

Figure 3 is a modified copy of Figure 15 in Part 1. 

 

Figure 3 – Equipment model 
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Material  

4.6.11 Material model 

The material model defines the actual materials, material definitions, and information about classes of 
material definitions. Material information includes the inventory of raw, finished, and intermediate 
materials. The current material information is contained in the material lot and material sublot 
information. Material classes are defined to organize materials. This corresponds to a resource model 
for material, as defined in ISO 10303. 

Figure 4 is a copy of Figure 16 in IEC 62264-1. An additional association is shown between a QA test 
specification and a material class property. 

 

 

Figure 4 – Material model 

4.6.12 Material class 

Table 18 lists the attributes of material class. 

Table 18 – Attributes of material class  

Attribute 
name 

Description Example 

ID A unique identification of a specific material class, within the 
scope of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
material class needs to be identified, such as the production 
capability for this material class, or a production response 
identifying the material class used. 

Polymer sheet stock 1001A 

 

Description Additional information about the material class. “Solid polymer resin” 
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4.6.2 Equipment class 

Table 9 lists the attributes of equipment class. 

Table 9 – Attributes of equipment class  

Attribute 
name 

Description Example 

ID A unique identification of a specific equipment class, within 
the scope of the information exchanged (production 
capability, production schedule, production performance, 
etc.). 

The ID shall be used in other parts of the model when the 
equipment class needs to be identified, such as the 
production capability for this equipment class, or a 
production response identifying the equipment class used. 

WJ6672892 

Description Additional information about the equipment class. “Jigs used to assemble widgets.” 

 

4.6.3 Equipment class property 

Table 10 lists the attributes of equipment class property. 

Table 10 – Attributes of equipment class property  

Attribute 
name 

Description Examples 

Run rate ID An identification of the specific property. 

 Template size 

“Range of run rate for the widget 
machines.” 

Description Additional information about the equipment class property. 

“Range of template sizes for 
widget machines.” 

{1..100} Value The value, set of values, or range of the property. 

{10,20,30,40,100,200,300} 

Widgets/h Value unit of 
measure 

The unit of measure of the associated property value, if 
applicable. 

cm 
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Designation of wind power plants with RDS-PP VGB PowerTech 7 l 2014

Another example is illustrated in F i g u r e 
5. All tasks related to storage (energy, ma-
terial, information) are grouped in a class 
named “storing” (C). The second letter de-
fines the subcategory (electrical, informa-
tion/signals, or mechanical/civil) of the 
respective task. 
The basic concept is established in the gen-
eral standard IEC 81346-2 and further de-
scribed in the above-mentioned guideline 
VGB-B 102.

Designation of wind power 
plants with RDS-PP®

In recent years, especially the development 
in the wind power industry has gained 
considerable momentum. This has led to 
a significant increase in the complexity of 
power plant technologies. To take this de-
velopment into account, the first version of 
the VGB Application Explanation for Wind 
Power Plants from 2006 has been com-
pletely revised and considerable enlarged. 

Naturally, there is a special focus on the 
wind turbine itself. But now the entire in-
frastructure, for example, the innerpark 
cabling and substation and communica-
tion networks for power plant manage-
ment, has been comprehensively covered. 
F i g u r e  6 offers an overview of the scope 
of RDS-PP® codes for wind power plants.
Comprehensive designation specifications 
were stipulated for each main system and 
linked to their respective systems, subsys-
tems, and basic functions. 
One of the main systems is called =G “en-
ergy conversion” (wind turbine), which is 
then broken down into systems as illustrat-
ed in F i g u r e  7. 
In addition to other systems, a wind tur-
bine consists primarily of the wind turbine 
system (=MD). The wind turbine system is 
subdivided into other systems, which are 
listed in Table 3.
One part of the wind turbine system 
(=MD) is the drive train system (=MDK), 
which contains subsystems as illustrated in 
F i g u r e  8.
The major tasks and system boundaries to 
adjacent (sub) systems of all systems and 
subsystems are defined in the VGB Applica-
tion Guideline VGB-S-823-32.
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power plant process

B
C
D

E

F
G

H

J
K
L

M

N
P
Q
R
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sources and heat generation from natural sources

Nuclear heat generation
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Water, steam, condensate syst

Medium supply system, energy

Systems for generation to and 
transmission of electrical energy

Cooling water systems
Auxiliary systems

Flue gas exhaust and treatment

- reserved for later standardization -
- reserved for later standardization -

Structures and areas for systems inside the power plant process

MD
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MDL
MDV
MDX
MDY

Wind Turbine System
Rotor System
Drive Train System
Yaw System
Central Lubrication System

Central Hydraulic System

Control System

ISO/TS 16952-10 and VGB-B 101

What does this object do?
It operates/switches electrical energy. How is this object constructed?

A metal frame containing 
electrical components.

Where is an object located?
Is there any space for another 

object left?

Functional aspect
(Function or task)

Product aspect
(Design and configuration)

Location aspect

Fig. 4. The three RDS-PP® aspects.

Tab. 3.  Systems of the  
wind turbine system =MD.

F1 Denomination

=MDA Rotor System

=MDK Drive Train System

=MDL Yaw System

=MDV Central Lubrication System

=MDX Central Hydraulic System

=MDY Control System

Tab. 2. Prefixes for distinguishing the three aspects.

Prefix Designation task/aspect Application Example

= Function Designation Main Systems, Systems,  
Subsystems, Basic Functions

=G001 MDA30 GP001 
WTG 1, Tip Hydraulic Oil 
Pump Brake System Rotor

– Product Designation Product classes –MA001 
Electric Motor 1

+ Point of Installation Cabinets, vessels +G001 MDA30 GP001.MA001 
WTG 1, Tip Hydraulic Oil Pump 
Brake System Rotor, Motor Side

++ Site of Installation Building, areas ++G001 MUD10 
WTG 1, Nacelle

Fig. 3. System coding using RDS-PP®.
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a significant increase in the complexity of 
power plant technologies. To take this de-
velopment into account, the first version of 
the VGB Application Explanation for Wind 
Power Plants from 2006 has been com-
pletely revised and considerable enlarged. 

Naturally, there is a special focus on the 
wind turbine itself. But now the entire in-
frastructure, for example, the innerpark 
cabling and substation and communica-
tion networks for power plant manage-
ment, has been comprehensively covered. 
F i g u r e  6 offers an overview of the scope 
of RDS-PP® codes for wind power plants.
Comprehensive designation specifications 
were stipulated for each main system and 
linked to their respective systems, subsys-
tems, and basic functions. 
One of the main systems is called =G “en-
ergy conversion” (wind turbine), which is 
then broken down into systems as illustrat-
ed in F i g u r e  7. 
In addition to other systems, a wind tur-
bine consists primarily of the wind turbine 
system (=MD). The wind turbine system is 
subdivided into other systems, which are 
listed in Table 3.
One part of the wind turbine system 
(=MD) is the drive train system (=MDK), 
which contains subsystems as illustrated in 
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The major tasks and system boundaries to 
adjacent (sub) systems of all systems and 
subsystems are defined in the VGB Applica-
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power plant process

B
C
D

E

F
G

H

J
K
L

M

N
P
Q
R
S
T
U

Electrical auxiliary power supply system
Control and management systems
Functional allocation

Fuel treatment and supply of fossil and renewable
energy sources inclusive residue disposal
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Naturally, there is a special focus on the 
wind turbine itself. But now the entire in-
frastructure, for example, the innerpark 
cabling and substation and communica-
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of RDS-PP® codes for wind power plants.
Comprehensive designation specifications 
were stipulated for each main system and 
linked to their respective systems, subsys-
tems, and basic functions. 
One of the main systems is called =G “en-
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Hierarchical designation: 
“From large to small“
The assignment of a designation code to a 
motor, for example, must indicate whether 
this motor is part of a fan or a pump; and 
in the former case, if this fan is installed in 
the brake system of a wind turbine or in 
the transformer of a substation. The codes 
according to RDS-PP® are compiled in a 
hierarchical structure starting from, for 
example, a complete wind power plant and 
ending with a single circuit breaker in a 
control cabinet. It is important to note that 
each hierarchical level (group of systems, 
system, group of elements, element) re-
presents an independent object. It receives 
a code of its own, which is derived from the 
primary designation level. For example, 
the entire wind turbine is an object with its 
own RDS-PP® designation, just like the yaw 
system, its drives, and their drive motors. 
The code allows the object itself as well as 
its hierarchical level to be identified. 
F i g u r e  2 illustrates the designation  
concept for a wind power plant, while  
Ta b l e  1 shows the designation hierarchy 
of RDS-PP®.
The designation of systems or subsystems 
also follows the international standard IEC 
81346-2, Table 2 and ISO/TS 16952-10. 
The Guideline VGB-B 101 shown in F i g u r e 
3  enriches the letter codes with additional 
synonyms for power plant applications.
The identification of basic functions and 
product classes follows the international 
standard IEC 81346-2, which was enriched 
by the Guideline VGB-B 102 with addition-
al synonyms for power plant applications.

Each object has several aspects
F i g u r e  4 shows that an object can be 
considered from different aspects. One 
possibility is the task- or function-related 
approach: What does the object do, what 

task does it perform? Another perspective 
is product-related: What components does 
the object consist of? A third perspective is 
location-related: What amount and type of 

space does it need, and is there space for 
other objects?
The designation code must clearly identify 
the specific aspect of the object. For this 
purpose, a prefix is allocated to each code 
in RDS-PP®, for example, an equal sign (=) 
for the functional aspect, a minus sign (-) 
for the product aspect, and plus sign (+) 
or plusplus (++) for the location aspect.
Ta b l e  2 illustrates the classification of  
the various aspects of several objects.

Objects with similar characteristics 
are bundled in classes
Within RDS-PP®, objects with similar tasks 
(basic functions) are bundled into classes so 
that diverse technical disciplines can “speak 
the same language”. This approach supports 
the standardisation of detail engineering as 
well as operation and maintenance (O&M) 
tasks. This means that the maintenance 
activities for the gear boxes of all wind tur-
bines will be assembled and consistently 
evaluated within the basic function “rota-
tion conversion” irrespectively whether an 
automatic gearbox, a regulating transmis-
sion or a reduction gear is installed.
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ISO/TS 16952-10 being transferred to ISO/TS 81346-10
Reference designation system - Part 10: Power plants

VGB B101
RDS-PP Letter Codes for Power Plant Systems
VGB B102
RDS-PP Letter Codes for Basic Functions and Product Classes

VGB-S-823-01 Power Plants General
     Mechanical

Civil
lectrical and I&C

Process control

VGB-S-823
   –  31 Hydro Power Plants
   –  32 Wind Power Plants

Fig. 1. Interrelationships between designation standards and guidelines for RDS-PP®.

Conjoint designation for Wind Power Plant:
#5154N00883E.DE_NW.ELI_1WN

Main system designation e.g. for
Wind Turbine Generator: =G001

System designation e.g. for
Yaw System: =G001 MDL

Subsystem designation e.g. for
Yaw Drive System: =G001 MDL10

Basic Function  designation e.g. for
Yaw Drive 1: =G001 MDL10 MZ010

Product designation e.g. for
Yaw Motor 1: =G001 MDL10 MZ010–MA001
Product designation e.g. for
Yaw Gear 1: =G001 MDL10 MZ010–TL001

=G002

=B001

=G003 =G001 =G004
=G005

=W601

=U001 =C001

(c) Enercon

Fig. 2. Hierarchical designation with RDS-PP®.

Tab. 1. RDS-PP® designation concept: “From large to small”.

Conjoint Designation

#5154N00883E.DE_NW.ELI_1WN

Main System System Subsystem Basic Function Product Class

Wind Turbine 1  
=G001

Wind Turbine 1  
=G001

Yaw System  
MDL

Wind Turbine 1  
=G001

Yaw System  
MDL

Drive Subsystem  
10

Wind Turbine 1  
=G001

Yaw System  
MDL 

Drive Subsystem  
10

Drive 1  
MZ010

Wind Turbine 1  
=G001

Yaw System 
MDL

Drive Subsystem  
10

Drive 1  
MZ010

Motor 1  
–MA001

Wind Power Plan Model
6
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Application of RDS-PP® in 
asset management systems
One of the main challenges for the opera-
tion of wind power plants is to obtain con-
sistent information for the entire plant and 
to draw trustworthy conclusions about the 
plant condition, asset performance and 
reliability, as well as component failure 
rates. This information serves as the back-
bone of an efficient operating management 
in terms of budget planning, material and 
labour planning, history record managing, 
etc., in other words: a trustful basis in or-
der to actively make decisions.

The basis to gain such information is a uni-
fied structure and unambiguous identifica-
tion of individual systems and components 
across countries and machinery types. For 
various tasks of asset management differ-
ent requirements may consist regarding 
the level of detail of the respective infor-
mation. For controlling purposes, for ex-
ample, information is needed which relates 
to the entire wind power plant, while for 
planning and procurement purposes in-
formation has to be provided down to the 
component level. F i g u r e  10 schemati-
cally shows this distribution of informa-
tion requirements with respect to its level 
of detail. 

With RDS-PP® the different information 
hierarchies can be structured clearly and 
addressed uniquely as illustrated by means 
of the classical maintenance process (F i g -
u r e  11).

This process starts with the determination 
of the maintenance requirements either 
as preventive measure( (P) , as reactive, 
unplanned measure( (R)  or as condition-
based measure (CB).

 – Preventive measures are usually planned 
in advance and in detail with material 
usage and labour time in a maintenance 

management system (e.g. SAP-PM). 
RDS-PP® serves here as structuring el-
ement in order to link recurring work 
steps, so-called “Task Lists”, on compo-
nent or system level.

 – Unplanned measures mostly lead to a 
corresponding alarm message in the 
SCADA system. The RDS-PP® coding in 
the SCADA system is used to uniquely 
address the relevant system or com-
ponent in order to start the respective 

workflow in the maintenance manage-
ment system. 

 – The evaluation of system conditions can 
take place in different ways, e.g. through 
regular inspections, condition monitor-
ing systems or by evaluating SCADA 
signals. These system conditions are as-
signed to the RDS-PP® designated object 
and enable the unambiguous allocation 
of the necessary maintenance measures. 

The generation of work orders and the fi-
nal resource planning typically takes place 
in the maintenance management system. 
The performance of these activities can 
be supported as well via RDS-PP®: e.g. the 
service team can retrieve additional detail 
documentation about the respective object 
as soon as the detail documentation identi-
fier is linked to the RDS-PP® code.

In the last step, the information regarding 
the measures carried out are stored and as-
signed to the respective object by means of 
RDS-PP® coding.

The entire process and the assignment of 
information take place always in the same 
manner, independent of the type of plant 
or contractual conditions. 

In order to gain the advantages of the three 
different RDS-PP® aspects in one single 
maintenance management system (e.g. 
SAP-PM) this system has to provide respec-
tive structural elements as shown exem-
plarily in F i g u r e  12 where a wind turbine 
generator is structured in this manner:

Tab. 4. Basic functions and product classes of the Cooling System Drive Train MDK56.

F1 F2 P1 Denomination

=MDK56 CM001 Expansion Tank  
Cooling System Drive Train

=MDK56 CM001 –EQ001 Coolant  
Cooling System Drive Train

=MDK56 BL001 Level Coolant  
Cooling System Drive Train

=MDK56 GP001 Coolant Pump  
Cooling System Drive Train

=MDK56 GP001 –MA001 Motor Coolant Pump  
Cooling System Drive Train

=MDK56 … … …

F1 Denomination
=MD_
=MKA
=MS_
=MU_
=MYA
=B—
=CK_
=UMD
=WBA
=X—
=YAA

Wind Turbine System
Power Generator System
Transmission
Common Systems for Wind Turbines
Remote Monitoring System
Electr. Auxiliary Power Supply System
Process Monitoring
Tower Systems
Personnel Rescue System
Ancillary Systems
Telephone System

Wind Turbine System
=MD_

Drive Train

Power Generator
System
=MK_

G

Electrical Auxiliary Power 
Supply System
=B—

Transmission
=MS_

Fig. 7. Overview of systems belonging to main system “G” (energy conversion.

F1
=MDK10
=MDK20
=MDK30
=MDK40
=MDK50
=MDK51
=MDK52
=MDK53
=MDK54
=MDK55
=MDK56

Denomination
Rotor Bearing System
Speed Conversion System
Brake System Drive Train
Torque Transmission High Speed Shaft
Auxiliary Systems Drive Train
Main Gear Oil System

Common Oil Lubrication System Drive Train
Offline Gear Oil System

Rotor Lock Drive Train
Rotor Slewing Unit
Cooling System Drive Train

Fig. 8. Structure of drive train system =MDK.
Wind Turbine Model
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4.7 Process segment  

4.7.1 Process segment model 

A process segment is a logical grouping of personnel resources, equipment resources, and material 
required to carry out a production step. A process segment defines the needed classes of personnel, 
equipment, and material, and/or it may define specific resources, such as specific equipment needed. 
A process segment may define the quantity of the resource needed. 

Figure 5 is a copy of Figure 17 in IEC 62264-1, with a clarification of the relationship to the personnel, 
equipment, and material models, and with an additional object to contain the process segment 
dependency. 

 

 

Figure 5 – Process segment model 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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4.5.7 Qualification test result 

Table 8 lists the attributes of qualification test result. 

Table 8 – Attributes of qualification test result  

Attribute 
name 

Description Example 

ID A unique instance identification that records the results from 
the execution of a test identified in a qualification test 
specification for a specific person. (For example, this may 
just be a number assigned by the testing authority.) 

T5568700827 

Description Additional information and description about the 
qualification test results. 

“Results from Joe’s widget 
assembly qualification test for 
October 1999.” 

Date The date and time of the qualification test. 1999-10-25 13:30 

Result The result of the qualification test. For example: pass, fail Pass 

Result unit of 
measure 

The unit of measure of the associated test result, if 
applicable. 

{Pass, fail} 

Expiration The date of the expiration of the qualification. 2000-10-25 13:30 

 

4.6 Equipment  

4.6.1 Equipment model 

The equipment model contains the information about specific equipment, the classes of equipment, 
equipment capability tests, and maintenance information associated with equipment. This 
corresponds to a resource model for equipment, as defined in ISO 15704:2000. 

Figure 3 is a modified copy of Figure 15 in Part 1. 

 

Figure 3 – Equipment model 
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Material  

4.6.11 Material model 

The material model defines the actual materials, material definitions, and information about classes of 
material definitions. Material information includes the inventory of raw, finished, and intermediate 
materials. The current material information is contained in the material lot and material sublot 
information. Material classes are defined to organize materials. This corresponds to a resource model 
for material, as defined in ISO 10303. 

Figure 4 is a copy of Figure 16 in IEC 62264-1. An additional association is shown between a QA test 
specification and a material class property. 

 

 

Figure 4 – Material model 
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4.6.2 Equipment class 

Table 9 lists the attributes of equipment class. 

Table 9 – Attributes of equipment class  

Attribute 
name 

Description Example 

ID A unique identification of a specific equipment class, within 
the scope of the information exchanged (production 
capability, production schedule, production performance, 
etc.). 

The ID shall be used in other parts of the model when the 
equipment class needs to be identified, such as the 
production capability for this equipment class, or a 
production response identifying the equipment class used. 

WJ6672892 

Description Additional information about the equipment class. “Jigs used to assemble widgets.” 

 

4.6.3 Equipment class property 

Table 10 lists the attributes of equipment class property. 

Table 10 – Attributes of equipment class property  

Attribute 
name 

Description Examples 

Run rate ID An identification of the specific property. 

 Template size 

“Range of run rate for the widget 
machines.” 

Description Additional information about the equipment class property. 

“Range of template sizes for 
widget machines.” 

{1..100} Value The value, set of values, or range of the property. 

{10,20,30,40,100,200,300} 

Widgets/h Value unit of 
measure 

The unit of measure of the associated property value, if 
applicable. 

cm 
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How to Turn an ISA standard into an Ontology? 
Vocabulary 
§  Classes 

§  Main class, subclasses,  
type of provenance, prov. Results 

§  Properties 
§  Data, Object, Annotation, with provenance 

 
Axioms  
§  Properties “attached” to classes with 

§  Typing 
§  Default values  
§  Uniqueness of prop. values 
§  “Required” property 
§  Cardinality restriction (?) 

§  Disjoint classes  
§  E.g. personnel & equipment 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 
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Someone has to make a design choice  
on how to interpret a standard 



A Possible Interpretation of ISA 88-95 
ISA 88-95 modules 
§  Person, Equipment, Material  

 
Classes:  
§  Person, PersonClass, 

PersonProvenanceType 
PersonProvenanceTest 

§  Engineer, Plummer, etc 
 
Properties 
§  ID, Description, Name 
§  DoB, Address 

 
Attached properties for Person 
§  ID (Int): compulsory, unique  
§  Name (String) 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 
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4.5.4 Person 
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Someone has to make a design choice  
on how to attach properties to classes 



Classes 
Class  
§  “Person” = {bob, john, …} 

 
Class of classes (?) or jobs (?) 
§  “Personnel class” =   

{Engineers, Pilots, …} 
 
Modeling in OWL 

 
Class: Person 
 
 
Class: Personnel 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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Properties of Objects 
Attributes: for objects 
§  “Default” for objects of a given class 

§  E.g.: Bob has ID, Desc, Name 
§  Extra properties of objects 

(for objects of a given class) 
§  Person prop. = {age, friend-of} 
§  Defined via “templates” 
§  Age has ID, Desc, Value, V. unit of meas. 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 

 

   B55EB1B3E14C22109E918E8EA43EDB30F09CC7B7EF8DD9

N
or

m
C

D
 - 

St
an

d 
20

09
-0

3

DIN EN 62264-2:2008-07 
EN 62264-2:2008 

17 

4.5.5 Person property 

Table 6 lists the attributes of person property. 

Table 6 – Attributes of person property  

Attribute 
name 

Description Examples 

Class 1 certified 

Exposure hours available 

ID An identification of the specific property. 

Pager number 

“Indicates if the person is class 1 
certified widget assembly 
operator” 

“Indicates number of exposure 
hours available this month” 

Description Additional information about the person property. 

“Pager number” 

True 

4 

Value The value, set of values, or range of the property. 

The value(s) is assumed to be within the range or set of 
defined values for the related personnel class property. 

800-555-1212 

Boolean 

h 

Value unit of 
measure 

The unit of measure of the associated property value, if 
applicable. 

Phone number 

 

4.5.6 Qualification test specification 

Table 7 lists the attributes of qualification test specification. 

Table 7 – Attributes of qualification test specification  

Attribute 
name 

Description Example 

Name An identification of a test for certifying one or more values 
for one or more person properties. 

For example, this may be the name of a document that 
describes or defines the qualification test. 

Class 1 widget assembly 
certification test 

Description Additional information and description about the 
qualification test specification. 

“Identifies the test for class 1 
widget assembly certification –
returns a true or false value for 
the class 1 widget assembly 
certification property 

Version An identification of the version of the qualification test 
specification. 

In cases where there are multiple versions of a qualification 
test specification, then the version attribute shall contain the 
additional identification information to differentiate each 
version. 

V23 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 

4.5.2 Personnel class 

Table 3 lists the attributes of personnel class. 

Table 3 – Attributes of personnel class  

Attribute 
name 

Description Example 

ID A unique identification of a specific personnel class. 

These are not necessarily job titles, but identify classes that 
are referenced in other parts of the model. 

Widget assembly operator 

Description Additional information and description about the personnel 
class. 

“General information about widget 
assembly operators.” 
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e   ObjectProperty: PagerNumber 

          Annotations:  ID “pager number”   
  Description “descr of pager number” 

          Domain:  Person 
          Range:    PhoneNumber 
           

AnnotationProperty: ID 
          Domain:  PagerNumber, … 
          Range:    integer[ > 0 ] 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 
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4.5.5 Person property 

Table 6 lists the attributes of person property. 

Table 6 – Attributes of person property  

Attribute 
name 

Description Examples 

Class 1 certified 

Exposure hours available 

ID An identification of the specific property. 

Pager number 

“Indicates if the person is class 1 
certified widget assembly 
operator” 

“Indicates number of exposure 
hours available this month” 

Description Additional information about the person property. 

“Pager number” 

True 

4 

Value The value, set of values, or range of the property. 

The value(s) is assumed to be within the range or set of 
defined values for the related personnel class property. 

800-555-1212 

Boolean 

h 

Value unit of 
measure 

The unit of measure of the associated property value, if 
applicable. 

Phone number 

 

4.5.6 Qualification test specification 

Table 7 lists the attributes of qualification test specification. 

Table 7 – Attributes of qualification test specification  

Attribute 
name 

Description Example 

Name An identification of a test for certifying one or more values 
for one or more person properties. 

For example, this may be the name of a document that 
describes or defines the qualification test. 

Class 1 widget assembly 
certification test 

Description Additional information and description about the 
qualification test specification. 

“Identifies the test for class 1 
widget assembly certification –
returns a true or false value for 
the class 1 widget assembly 
certification property 

Version An identification of the version of the qualification test 
specification. 

In cases where there are multiple versions of a qualification 
test specification, then the version attribute shall contain the 
additional identification information to differentiate each 
version. 
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Properties of Classes 
Attributes: for lasses 

§  “Default” for specific class 
§  Bob has ID, Desc, Name 

§   Extra properties for classes 
§  Person prop. = {age, friend-of} 
§  Defined via “templates” 
§  Age has ID, Desc, Value, V. unit of meas. 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 
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4.5.5 Person property 

Table 6 lists the attributes of person property. 

Table 6 – Attributes of person property  

Attribute 
name 

Description Examples 

Class 1 certified 

Exposure hours available 

ID An identification of the specific property. 

Pager number 

“Indicates if the person is class 1 
certified widget assembly 
operator” 

“Indicates number of exposure 
hours available this month” 

Description Additional information about the person property. 

“Pager number” 

True 

4 

Value The value, set of values, or range of the property. 

The value(s) is assumed to be within the range or set of 
defined values for the related personnel class property. 

800-555-1212 

Boolean 

h 

Value unit of 
measure 

The unit of measure of the associated property value, if 
applicable. 

Phone number 

 

4.5.6 Qualification test specification 

Table 7 lists the attributes of qualification test specification. 

Table 7 – Attributes of qualification test specification  

Attribute 
name 

Description Example 

Name An identification of a test for certifying one or more values 
for one or more person properties. 

For example, this may be the name of a document that 
describes or defines the qualification test. 

Class 1 widget assembly 
certification test 

Description Additional information and description about the 
qualification test specification. 

“Identifies the test for class 1 
widget assembly certification –
returns a true or false value for 
the class 1 widget assembly 
certification property 

Version An identification of the version of the qualification test 
specification. 

In cases where there are multiple versions of a qualification 
test specification, then the version attribute shall contain the 
additional identification information to differentiate each 
version. 

V23 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 

4.5.2 Personnel class 

Table 3 lists the attributes of personnel class. 

Table 3 – Attributes of personnel class  

Attribute 
name 

Description Example 

ID A unique identification of a specific personnel class. 

These are not necessarily job titles, but identify classes that 
are referenced in other parts of the model. 

Widget assembly operator 

Description Additional information and description about the personnel 
class. 

“General information about widget 
assembly operators.” 
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 AnnotationProperty: ID 
          Domain:  PersonnerlClass 
          Range:    string 
 
 AnnotationProperty: Description 
          Domain:  PersonnerlClass 
          Range:    string 
 
  DataProperty: ClassOneCertified 
          Annotations:  ID “Class One Certified”   

  Description “Indicates the …” 
          Domain:  Engineer  
          Range:    Boolean 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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Attribute 
name 

Description Example 

ID A unique identification of a specific personnel class. 

These are not necessarily job titles, but identify classes that 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 
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Class: Engineer 
     SubClassOf: ClassOneCertified exactly 1 and 
                           ClassOneCertified exists {true, false} 
                           ClassOneCertified only {true, false}           
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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Table 3 lists the attributes of personnel class. 

Table 3 – Attributes of personnel class  

Attribute 
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Description Example 
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4.5 Personnel  

4.5.1 Personnel model 

The personnel model contains the information about specific personnel, classes of personnel, and 
qualifications of personnel. Figure 2 is a modified copy of Figure 14 in Part 1. This corresponds to a 
resource model for personnel, as given in ISO 15704. 

 

 

Figure 2 – Personnel model 
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4.5.3 Personnel class property 

Table 4 lists the attributes of personnel class property. 

Table 4 – Attributes of personnel class property  

Attribute 
name 

Description Examples 

Class 1 certified 

Night shift available 

ID An identification of the specific property, unique under the 
scope of the parent personnel class object. 

For example, the property “has class 1 safety training” (with 
values of yes or no) may be defined under several different 
personnel class definitions, such as fork lift operator and 
pipe fitter classes, but has a different meaning for each 
class. 

Monthly exposure hours 
maximum 

“Indicates the certification level of 
the operator.” 

“Indicates if operator is available 
for night shift.” 

Description Additional information and description about the personnel 
class property. 

“Indicates the maximum monthly 
exposure hours that can be 
used.” 

{True, False} 

{True, False} 

Value The value, set of values, or range of the property. 

This presents a range of possible numeric values, a list of 
possible values, or it may be empty if any value is valid. 

[0..20] 

Boolean 

Boolean 

Value unit of 
measure 

The unit of measure of the associated property values, if 
applicable. 

 
h 

 

4.5.4 Person 

A person is a representation of a specifically identified individual. A person may be a member of zero 
or more personnel classes. Table 5 lists the attributes of person. 

Table 5 – Attributes of person  

Attribute 
name 

Description Examples 

999-123-4567 

Jane W Smith – #2 

ID A unique identification of a specific person, within the scope 
of the information exchanged (production capability, 
production schedule, production performance, etc.). 

The ID shall be used in other parts of the model when the 
person needs to be identified, such as the production 
capability for this person, or a production response 
identifying the person. 

Employee 23 

“Person information” 

“Person information” 

Description Additional information about the resource. 

“Person information” 

Joe Smith III 

Jane 

Name The name of the individual. 

This is meant as an additional identification of the resource, 
but only as information and not as a unique value. 

Bubba 
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Q: What kind of inheritance do we need? 
 
A: May make sense to allow different options  

∃ ClassOneCertified. {true} ⊑ Engineer
∀ ClassOneCertified. {true} ⊑ Engineer 

Engineer ⊑ ∃ ClassOneCertified. {true}
Engineer ⊑ ∀ ClassOneCertified. {true}

Person

SE

Engineer

∃ ClassOneCertified. {true} ⊑ Person
∀ ClassOneCertified. {true} ⊑ Person 

SE ⊑ ∃ ClassOneCertified. {true}
SE ⊑ ∀ ClassOneCertified. {true}

ClassOneCertified

ClassOneCertified

ClassOneCertified
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Ontology Language for Industrial Info Models 
Axioms 
§  assigning (relevant)  

properties to classes 
§  If-Then by default (A-quantifier) 
§  influence type of inheritance 
§  domains and ranges of properties 

 
Data Constraints 
§  Compulsory and default values 
§  # of compulsory values 
§  functional properties 
§  encoded as annotated  

standard axioms 

This behaviour is naturally captured by an integrity constraint: whenever a turbine
is added and its rotors are not provided, the application should flag an error. Integrity
constraints are not supported in OWL 2; for instance, the axiom

SubClassOf(Turbine ObjectSomeValuesFrom(hasPart Rotor)) (6)

states that every turbine must contain a rotor as a part; such rotor, however, can be
possibly unknown or unspecified.

The information models also impose cardinality restrictions on relationships. For
instance, each double rotor turbine in the energy plant model is specified as having
exactly two rotors. This can be modelled in OWL 2 using the axioms

SubClassOf(TwoRotorTurbine ObjectMinCardinality(2 hasPart Rotor)) (7)
SubClassOf(TwoRotorTurbine ObjectMaxCardinality(2 hasPart Rotor)) (8)

Such cardinality restrictions are interpreted as integrity constraints in many applications:
when introducing a specific double rotor turbine, the model requires that we also provide
its two rotors. The semantics of axioms (7) and (8) is not well-suited for this purpose: on
the one hand, (7) does not enforce a double rotor turbine to explicitly contain any rotors at
all; on the other hand, if more than two rotors are provided, then (8) non-deterministically
enforces at least two of them to be equal.

There have been several proposals to extend OWL 2 with integrity constraints [27,
37]. In these approaches, the ontology developer explicitly designates a subset of the
OWL 2 axioms as constraints. Similarly to constraints in databases, these axioms are
used as checks over the given data and do not participate in query answering once the
data has been validated. The specifics of how this is accomplished semantically differ
amongst each of the proposals; however, all approaches largely coincide if the standard
axioms are in OWL 2 RL.

3.2 Data Validation and Query Answering

Our approach to data validation and query answering follows the standard approaches in
the literature [27, 37]: given a query Q, dataset D, and OWL 2 ontology O consisting of
a set S of standard OWL 2 RL axioms and a set C of axioms marked as constraints, we
proceed according to Steps 1–4 given next.
1. Translate the standard axioms S into a Datalog program ⇧

S

using the well-known
correspondence between OWL 2 RL and Datalog.

2. Translate the integrity constraints C into a Datalog program ⇧

C

with stratified
negation-as-failure containing a distinguished binary predicate Violation for record-
ing the individuals and axioms involved in a constraint violation.

3. Retrieve and flag all integrity constraint violations. This can be done by computing
the extension of the Violation predicate.

4. If no constraints are violated, answer the user’s query Q using the query answering
facilities provided by the reasoner.
Steps 3 and 4 can be implemented on top of RDF triple stores with support for OWL 2

RL and stratified negation (e.g., [28]), as well as on top of generic rule inference systems
(e.g., [3]). In the remainder of this Section we illustrate Steps 1 and 2, where standard
axioms and constraints are translated into rules.

This behaviour is naturally captured by an integrity constraint: whenever a turbine
is added and its rotors are not provided, the application should flag an error. Integrity
constraints are not supported in OWL 2; for instance, the axiom

SubClassOf(Turbine ObjectSomeValuesFrom(hasPart Rotor)) (6)

states that every turbine must contain a rotor as a part; such rotor, however, can be
possibly unknown or unspecified.

The information models also impose cardinality restrictions on relationships. For
instance, each double rotor turbine in the energy plant model is specified as having
exactly two rotors. This can be modelled in OWL 2 using the axioms

SubClassOf(TwoRotorTurbine ObjectMinCardinality(2 hasPart Rotor)) (7)
SubClassOf(TwoRotorTurbine ObjectMaxCardinality(2 hasPart Rotor)) (8)

Such cardinality restrictions are interpreted as integrity constraints in many applications:
when introducing a specific double rotor turbine, the model requires that we also provide
its two rotors. The semantics of axioms (7) and (8) is not well-suited for this purpose: on
the one hand, (7) does not enforce a double rotor turbine to explicitly contain any rotors at
all; on the other hand, if more than two rotors are provided, then (8) non-deterministically
enforces at least two of them to be equal.

There have been several proposals to extend OWL 2 with integrity constraints [27,
37]. In these approaches, the ontology developer explicitly designates a subset of the
OWL 2 axioms as constraints. Similarly to constraints in databases, these axioms are
used as checks over the given data and do not participate in query answering once the
data has been validated. The specifics of how this is accomplished semantically differ
amongst each of the proposals; however, all approaches largely coincide if the standard
axioms are in OWL 2 RL.

3.2 Data Validation and Query Answering

Our approach to data validation and query answering follows the standard approaches in
the literature [27, 37]: given a query Q, dataset D, and OWL 2 ontology O consisting of
a set S of standard OWL 2 RL axioms and a set C of axioms marked as constraints, we
proceed according to Steps 1–4 given next.
1. Translate the standard axioms S into a Datalog program ⇧

S

using the well-known
correspondence between OWL 2 RL and Datalog.

2. Translate the integrity constraints C into a Datalog program ⇧

C

with stratified
negation-as-failure containing a distinguished binary predicate Violation for record-
ing the individuals and axioms involved in a constraint violation.

3. Retrieve and flag all integrity constraint violations. This can be done by computing
the extension of the Violation predicate.

4. If no constraints are violated, answer the user’s query Q using the query answering
facilities provided by the reasoner.
Steps 3 and 4 can be implemented on top of RDF triple stores with support for OWL 2

RL and stratified negation (e.g., [28]), as well as on top of generic rule inference systems
(e.g., [3]). In the remainder of this Section we illustrate Steps 1 and 2, where standard
axioms and constraints are translated into rules.
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3.1 Modelling

From an ontological point of view, most building blocks of the the typical industrial
information models are rather standard in conceptual design and naturally correspond
to OWL 2 classes (e.g., Turbine, Process, Product), object properties (e.g., hasPart,
hasFunction, locatedIn) and data properties (e.g., ID, hasRotorSpeed).

The main challenge that we encountered was to capture the constraints of the
models using ontological axioms. We next describe how this was accomplished using a
combination of OWL 2 RL axioms and integrity constraints.

Standard OWL 2 RL Axioms The specification of the models suggests the arrangement
of classes and properties according to subsumption hierarchies, which represent the
skeleton of the model and establish the basic relationships between their components. For
instance, in the energy plant model a Turbine is specified as a kind of Equipment, whereas
hasRotorSpeed is seen as a more specific relation than hasSpeed. The models also suggest
that certain properties must be declared as transitive, such as hasPart and locatedIn.
Similarly, certain properties are naturally seen as inverse of each other (e.g., hasPart and
partOf ). These requirements are easily modelled in OWL 2 using the following axioms
written in functional-style syntax:

SubClassOf(Turbine Equipment) (1)
SubDataPropertyOf(hasRotorSpeed hasSpeed) (2)
TransitiveObjectProperty(hasPart) (3)
InverseObjectProperties(hasPart partOf ) (4)

These axioms can be readily exploited by reasoners to support query answering; e.g.,
when asking for all equipment with a rotor, one would expect to see all turbines that
contain a rotor as a part (either directly or indirectly).

Additionally, the models describe optional relationships between entities. In the
manufacturing model certain materials are optional to certain processes, i.e., they are
compatible with the process but they are not always required. Similarly, certain processes
can optionally be followed by other processes ( e.g., conveying may be followed by
packaging). Universal (i.e., AllValuesFrom) restrictions are well-suited for attaching an
optional property to a class. For instance, the axiom

SubClassOf(Conveying ObjectAllValuesFrom(followedBy Packaging)) (5)

states that only packaging processes can follow conveying processes; that is, a conveying
process can be either terminal (i.e., not followed by any other process) or it is followed by
a packaging process. As a result, when introducing a new conveying process we are not
forced to provide a follow-up process, but if we do so it must be an instance of Packaging.

All the aforementioned types of axioms are included in the OWL 2 RL profile. This
has many practical advantages for reasoning since OWL 2 RL is amenable to efficient
implementation using rule-based technologies.

Constraint Axioms In addition to optional relationships, the information models from
Section 2 also describe relationships that are inherently mandatory, e.g., when introducing
a new turbine, the energy model requires that we also provide its rotors.

SubClassOf(Conveying

ObjectAllValuesFrom(followedBy Packaging))

OWL 2 Axiom Datalog Rules
SubClassOf(A B) B(?x) A(?x)

SubPropertyOf(P1 P2) P2(?x, ?y) P1(?x, ?y)

TransitiveObjectProperty(P ) P (?x, ?z) P (?x, ?y) ^ P (?y, ?z)

InverseObjectProperties(P1, P2)
P2(?y, ?x) P1(?x, ?y) and
P1(?y, ?x) P2(?x, ?y)

SubClassOf(A AllValuesFrom(P B)) B(?y) P (?x, ?y) ^A(?x)

Table 1: OWL 2 RL axioms as rules. All entities mentioned in the axioms are named. By
abuse of notation, we use SubPropertyOf and AllValuesFrom to refer to both their Object
and Data versions in functional syntax.

SubClassOf(Turbine SomeValuesFrom(R B))
SubClassOf(A HasValue(R b))
SubClassOf(A MaxCardinality(n R B))
SubClassOf(A MinCardinality(n R B))
FunctionalProperty(R)

Standard Axioms Table 1 provides the standard OWL 2 RL axioms needed to capture
the information models of Section 2 and their translation into negation-free rules. In
particular, the axioms (1)–(5) are equivalent to the following rules:

Equipment(?x) Turbine(?x) (9)
hasSpeed(?x, ?y) hasRotorSpeed(?x, ?y) (10)
hasPart(?x, ?z) hasPart(?x, ?y) ^ hasPart(?y, ?z) (11)
Packaging(?y) Conveying(?x) ^ followedBy(?x, ?y) (12)

Constraint Axioms Table ?? provides the constraint axioms required to capture the
models of Section 2 together with their translation into rules with negation. Our translation
assigns a unique id to each individual axiom marked as an integrity constraint in the
ontology, and it introduces predicates not occurring in the ontology in the heads of all
rules. Constraint violations are recorded using the fresh predicate Violation relating
individuals to constraint axiom ids.

The constraint (6) from Section 3.1 is captured by the following rules:

hasPart Rotor(?x) hasPart(?x, ?y) ^ Rotor(?y) (13)
V iolation(?x,↵) Turbine(?x) ^ not hasPart Rotor(?x) (14)

Rule (13) identifies all individuals with a rotor as a part, and stores them as instances of
the auxiliary predicate hasPart Rotor . In turn, Rule (14) identifies all turbines that are
not known to be instances of hasPart Rotor (i.e., those with no known rotor as a part)
and links them to the constraint ↵ they violate.

Integrity constraints based on cardinalities require the use of the OWL 2 equality
predicate owl:sameAs. For instance, the constraint axiom (7) from Section 3.1, to which
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OWL 2 Axiom Datalog Rules
SubClassOf(A B) B(?x) A(?x)

SubPropertyOf(P1 P2) P2(?x, ?y) P1(?x, ?y)

TransitiveObjectProperty(P ) P (?x, ?z) P (?x, ?y) ^ P (?y, ?z)

InverseObjectProperties(P1, P2)
P2(?y, ?x) P1(?x, ?y) and
P1(?y, ?x) P2(?x, ?y)

SubClassOf(A AllValuesFrom(P B)) B(?y) P (?x, ?y) ^A(?x)

Table 1: OWL 2 RL axioms as rules. All entities mentioned in the axioms are named. By
abuse of notation, we use SubPropertyOf and AllValuesFrom to refer to both their Object
and Data versions in functional syntax.

Standard Axioms Table 1 provides the standard OWL 2 RL axioms needed to capture
the information models of Section 2 and their translation into negation-free rules. In
particular, the axioms (1)–(5) are equivalent to the following rules:

Equipment(?x) Turbine(?x) (9)
hasSpeed(?x, ?y) hasRotorSpeed(?x, ?y) (10)
hasPart(?x, ?z) hasPart(?x, ?y) ^ hasPart(?y, ?z) (11)
Packaging(?y) Conveying(?x) ^ followedBy(?x, ?y) (12)

Constraint Axioms Table 2 provides the constraint axioms required to capture the models
of Section 2 together with their translation into rules with negation. Our translation
assigns a unique id to each individual axiom marked as an integrity constraint in the
ontology, and it introduces predicates not occurring in the ontology in the heads of all
rules. Constraint violations are recorded using the fresh predicate Violation relating
individuals to constraint axiom ids.

The constraint (6) from Section 3.1 is captured by the following rules:

hasPart Rotor(?x) hasPart(?x, ?y) ^ Rotor(?y) (13)
V iolation(?x,↵) Turbine(?x) ^ not hasPart Rotor(?x) (14)

Rule (13) identifies all individuals with a rotor as a part, and stores them as instances of
the auxiliary predicate hasPart Rotor . In turn, Rule (14) identifies all turbines that are
not known to be instances of hasPart Rotor (i.e., those with no known rotor as a part)
and links them to the constraint ↵ they violate.

Integrity constraints based on cardinalities require the use of the OWL 2 equality
predicate owl:sameAs. For instance, the constraint axiom (7) from Section 3.1, to which
we assign the id �1, is translated into the following rules:

hasPart 2 Rotor(?x) 
^

1i2

(hasPart(?x, ?y
i

) ^Rotor(?y
i

))^

^ (not owl:sameAs(?y1, ?y2))

V iolation(?x,�1) TwoRotorTurbine(?x) ^ not hasPart 2 Rotor(?x)

The first rule infers an instance of the auxiliary predicate hasPart 2 Rotor if it is
connected to two instances of Rotor that are not known to be equal; in turn, the second

OWL Axiom Datalog rules

SubClassOf(A SomeValuesFrom(R B))
R B(?x) R(?x, ?y) ^ B(?y) and
V iolation(?x,↵) A(?x) ^ not R B(?x)

SubClassOf(A HasValue(R b)) V iolation(?x,↵) A(?x) ^ not R(?x, b)

FunctionalProperty(R)
R 2(?x) R(?x, ?y1) ^ R(?x, ?y2) ^

not owl:sameAs(?y1, ?y2)
and V iolation(?x,↵) R 2(?x)

SubClassOf(A MaxCardinality(n R B))

R (n+1) B(?x) 
^

1in+1

(R(?x, ?yi) ^ B(?yi))

^

1i<jn+1

(not owl:sameAs(?yi, ?yj))

and V iolation(?x,↵) A(?x) ^ R (n+1) B(?x)

SubClassOf(A MinCardinality(n R B))

R n B(?x) 
^

1in

(R(?x, ?yi) ^ B(?yi))

^

1i<jn

(not owl:sameAs(?yi, ?yj))

and V iolation(?x,↵) A(?x) ^ not R n B(?x)

Table 2: Constraints axioms as rules. All entities are named, n � 1, and ↵ is the
unique id for the given constraint. SomeValuesFrom, HasValue, FunctionalProperty,
MaxCardinality and MinCardinality denote both their Object and Data versions.

rule infers that all instances of TwoRotorTurbine that are not known to be instances of
the auxiliary predicate violate the constraint (7). Similarly, axiom (8), to which we assign
the id �2, is translated as follows:

hasPart 3 Rotor(?x) 
^

1i3
(hasPart(?x, ?y

i

) ^Rotor(?y
i

))^

^
^

1i<j3
(not owl:sameAs(?y

i

, ?y
j

))

V iolation(?x,�2) TwoRotorTurbine(?x) ^ hasPart 3 Rotor(?x)

Analogously to the previous case, the first rule infers that an individual is an instance of
hasPart 3 Rotor if it is connected to three instances of Rotor that are not known to be
equal; in turn, the second rule infers that every such individual that is also an instance of
TwoRotorTurbine violates the constraint axiom (8).

To conclude this section, we note that our translation in Table 2 yields a stratified
program for any set C of constraints. We can always define a stratification where the
lowest stratum consists of the predicates in C and owl:sameAs, the intermediate stratum
contains all predicates of the form R B, R n B, and R n, and the uppermost stratum
contains the special V iolation predicate.

4 SOMM: an Industrial Ontology Management System

We have developed the Siemens-Oxford Ontology Management (SOMM) tool3 to support
engineers in building ontologies and inserting data based on their information models.
The interface of SOMM is restricted to support only the kinds of standard OWL 2 RL
axioms and constraints discussed in Section 3.

3 http://www.cs.ox.ac.uk/isg/tools/SOMM/
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Our Achievements 
Ontology language for IIM 
§  formalization 
§  algorithms 

 
Concrete ontologies 
§  2 ontologies 
§  experiments 

Modeling methodology and tooling 
§  SOMM systems 
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Goals 
1.  Onto language for IIM 
2.  Concrete ontologies 
3.  Modelling methodology  

and tooling 



Ontologies 
Manufacturing ontology  
§  based on IEC 62264 
§  79 standard axioms  
§  20 constraints 

Turbine ontology 
§  based on IEC 81346 
§  121 standard axioms  
§  25 constraints 
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Manufacturing Experiment 
Manufacturing data  
§  simulated by Siemens   
§  two types of products  
§  two configurations  

§  manufacturing that violates 
the model specifications  
(too much material is used) 

§  manufacturing according  
to specifications 

§  6 data sets: 50 à 1x10^6 
 
3 monitoring queries  

§  Q1: find all products that use material from a given lot 
§  Q2: find all material lots used in a given product 
§  Q3: find the total quantity of material in lots of a specific kind 

Results 
§  C. validation, Q. answering is feasible on stock hardware: 87s 
§                  over data datasets with ~1 million triples 
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Fig. 6: Experimental results.

Our experiments follow Steps 1–4 in Section 3.2. We checked validity of each dataset
against the ontology using Steps 1–3; then, for each dataset created using C2 we also
answered all test queries (Step 4). We repeated the experiment 5 times for each dataset
and configuration (i.e., 10 times for each dataset size).

Our results are summarised in Figure 6. Times for each data size are wall clock
time averages (in ms). Constraint validation time (grey bar) correspond to Step 3 in
Section 3.2. Query answering times (blue bar) measure the time for answering the use
case queries (Step 4); here, only datasets satisfying the constraints (i.e., generated using
C2) are considered. The figure also provides the average number of constraint violations
in data generated according to C1, and the number of triples after constraint validation.

Our results demonstrate the feasibility of our ontology-based approach to model
validation and query answering in realistic manufacturing scenarios. In particular,
constraint validation and query answering were feasible within 87s on stock hardware
over datasets containing over 1 million triples.

Gas Turbine Experiment. In this experiment we used the following data:

– The ontology capturing the energy plant model illustrated in Figure 2 from Section 2.
The ontology contains 121 standard axioms and 25 constraints.

– An anonymised dataset describing the structure of 800 real gas turbines, their sensor
readings (temperature, pressure, rotor speed and position), and associated processes
(e.g., expansion, compression, start up, shut down). The dataset was converted from
a relational DB into RDF, and contains 25, 090 triples involving 4, 076 individuals.

– Three commonly used test queries. The first query asks for the core parts, equipment
and current state of all turbines of a given type; the second asks for all components
involved in a compression process; the last query asks for the temperature readings
of turbines of a given type.

We followed the same steps as in the previous experiments, with very positive results.
Constraint checking was completed in 2s and generated 27, 007 additional triples; we
found 1, 582 constraint violations, which is especially interesting given that the data is
real. Query answering over the valid subset took 1s on average.
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Gas Turbine Experiment 
Anonymized dataset 
§  from 800 real gas turbines  
§  sensor readings (temperature, pressure, rotor speed and position) 
§  associated processes (e.g., expansion, compression, start up, shut down)  
§  converted from a relational DB into RDF  
§  25,090 triples over 4, 076 individuals.  

3 monitoring queries  
§  Q1: find all core parts, equipment & current state of all turb. of a given type 
§  Q2: find all components involved in a compression process 
§  Q3: find temperature readings of turbines of a given type 

Results 
§  Constraint checking and query answering: < 2s 
§  1,582 constraint violations 
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Our Achievements 
Ontology language for IIM 
§  formalization 
§  algorithms 

 
Concrete ontologies 
§  2 ontologies 
§  Experiments 

Modeling methodology and tooling 
§  SOMM systems 
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Goals 
1.  Onto language for IIM 
2.  Concrete ontologies 
3.  Modelling methodology  
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See demo later today! 

 



Summary  
Use case analyses 
§  Smart factories and the role of info models 
§  Industrial standards  

§  Manufacturing (IEC 62264), Energy (IEC 81346) 
 
Foundations of ontology language to capture IIM 
§  Capturing with axioms and constraints 
§  Algorithms for constraint verification and query answering 

 
Concrete ontologies 
§  2 ontologies: Manufacturing, Energy 
§  experiments 

Modeling methodology and tooling 
§  SOMM system 
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