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Motivation 1 

The intelligent manufacturing networks of digital factories will only become reality with machine -2 
processable, standardized information, because they have to interact over different communication 3 
technologies, different companies and even across industry boundaries. PROFIBUS & PROFINET 4 
International (PI) sees its role in creating the necessary basis for this fact, especially in view of 5 
Industrie 4.0. 6 

This has been accomplished by providing device-related expertise for PI technologies – for 7 
instance, in the form of parameters in the open device profiles or other specifications for the 8 
application layer, like for an asset management record. However, in order for these to be use d as 9 
the basis for a machine-processable flow of data across the various systems – from sensor to 10 
cloud – the data that is already available today must be transformed into clearly usable information 11 
by means of semantic standards.  12 

ECLASS e.V. is playing an increasingly important role in industrial automation and especially for 13 
Industrie 4.0. In cooperation with ECLASS e.V. existing PI specifications will be expanded by 14 
semantic identifiers. In a first step, PI application profiles (e.g., PA Profile) were selected, having 15 
the best preconditions for this endeavor. 16 

The results form a significant basis for the automated interaction of various systems and 17 
components from different manufacturers are essential for business processes to run optimally 18 
between end users, suppliers, customers, etc. in systems of the Industrie 4.0 generation. 19 

 20 

21 



Semantics for PI Application Profiles Version 1.0 

 

© Copyright PNO 2021 - All Rights Reserved Page 7 of 41 Pages 

 

1 Management Summary - Scope of this Document 22 

This white paper presents the results from the joint working group PI and ECLASS.  23 

It describes how to extend already existing PI Application Profiles (e.g., PA Profile, PROFIdrive) 24 
with standardized semantic information. 25 

 26 

Figure 1: Overview 27 

A converter can provide the necessary transformation 28 

• from standardized data defined by PI Application profiles 29 

• to fieldbus neutral technologic oriented semantic information  30 

The PI application profiles itself do not need to be changed. They are extended with a generic 31 
approach to support semantic interoperability.  32 

Today not all data provided by PI application profiles already have such a semantic information, it 33 
is future work to provide a complete set of information. 34 

The concept supports primarily ECLASS, nevertheless also other semantic standards like IEC CDD 35 
(common data dictionary) or semantic web will be supported. 36 

In context with Industrie 4.0, the above-mentioned converter can also provide the content for the 37 
asset administration shell.  38 

39 
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2 Related documents and references 40 

2.1 Related documents 41 

[1] PI “Identification & Maintenance Functions” 42 
Profile Guidelines Part 1, Order No.: 3.502 43 

[2] PI “Data types, Programming Languages, and Platforms ” 44 
Profile Guidelines, Part 2, Order No: 3.512 45 

[3] PI “Profile for Process Control Devices”, Order No: 3.042  46 

[4] PI “Topology and Asset Discovery for PROFINET Guideline”, Order No. 7.182 47 

2.2 References 48 

[100]  ECLASS Wiki: https://wiki.eclass.eu/wiki/Main_Page 49 

[101]  ECLASS white paper "Toward smart manufacturing with data and semantics"  50 

[105]  IEC Common Data Dictionary: https://cdd.iec.ch/ 51 

[110]  https://schema.org/ 52 

[111]  http://iotschema.org/ 53 

3 Definitions and Abbreviations 54 

3.1 Definitions  55 

3.1.1 Block 56 

Blocks are a means to structure properties in a convenient and task related way (from IEC 61360-1). 57 

3.1.2 COMDO  58 

ECLASS, IEC and ISO - want to provide a Common Data Repository for Smart Manufacturing, 59 
Industrie 4.0 and other domains for classifying and describing things (products, services, 60 
procedures) along the process life cycle - based on high quality ISO/IEC Standards - to enable 61 
electronic data transfer in an unambiguous way and to support digitalization of business by all 62 
international market participants. 63 

Since October 1, 2020 COMDO is a project as the 3 partiers (ECLASS, IEC and ISO) support the 64 
preparation and signing of an agreement (so-called MoU). 65 

3.1.3 Data 66 

representation of information in a formalized manner suitable for human or automatic processing  67 
(source: http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=171-01-02) 68 

3.1.4 TUF – Transaction Update Files 69 

ECLASS provides the Transaction Update Files (TUF) conta ining all information that is needed for 70 
a semi-automated ECLASS version update (e.g., migration from version 11.1 to version 12.0)  71 

3.1.5 IEC CDD 72 

IEC Common Data Dictionary. See [105]. Actually, IEC CDD offers data structures (classification 73 
and associated properties) in 3 technical areas based on international standards:  74 

https://wiki.eclass.eu/wiki/Main_Page
https://www.eclass.eu/fileadmin/downloads/ecl-Whitepaper_2018_EN.pdf
https://cdd.iec.ch/
https://cdd.iec.ch/
https://schema.org/
http://iotschema.org/
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=171-01-02
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• Electric/Electronic Components (IEC 61360-4) 75 

• Process Automation (IEC 61987) 76 

• Low voltage switchgear and controlgear (IEC 62638)  77 

3.1.6 Information 78 

Knowledge concerning objects, such as facts, events, things, processes, or ideas (including 79 
concepts) that, within a certain context, has a particular meaning (source: 80 
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=171-01-01) 81 

3.1.7 Ontology 82 

An ontology is a way of showing the properties of a subject area and how they are related, by 83 
defining a set of concepts and categories that represent the subject  (source: 84 
https://en.wikipedia.org/wiki/Ontology_(information_science)) 85 

3.1.8 OWL 86 

Web Ontology Language is a family of knowledge representation languages for authoring 87 
ontologies. Source: https://en.wikipedia.org/wiki/Web_Ontology_Language 88 

3.1.9 Property 89 

A property describes a characteristic of a product (e.g., material, colour, article number) [100]. 90 
Source: IEC 61360-1 Chapter 6 “Property”. 91 

3.1.10 Value 92 

A property has values which determine the characterist ics. A value can be a numerical quantity with or 93 
without a unit, or a text that describes a subject in more detail  (e.g., property: colour, value: red; 94 
property: length, value: 25 mm). Source: IEC 61360-1 Chapter 6 “Property”. 95 

3.1.11 Variable 96 

A PI application profile standardizes variables. They can be  97 

• Parameters (how to parametrize the device)  98 

• Measured values (can be transported cyclic or acyclic) 99 

• Enumerations (e.g., Unit, sensor type) 100 

• Diagnosis information 101 

Variables consist of two main parts 102 

• The value itself 103 

• The access to the value (addressing) 104 

 105 

3.2 Abbreviations 106 
 107 
IRDI  International Registration Data Identifier , based on ISO 29002-5 108 

JWG  Joint Working Group 109 

LOP  List Of Properties 110 

W3C  World Wide Web Consortium 111 

112 

http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=171-01-01
https://en.wikipedia.org/wiki/Ontology_(information_science)
https://en.wikipedia.org/wiki/Web_Ontology_Language
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4 Semantic introduction 113 

Goal of this white paper is to describe ways how machines can interact with each other. But first, we 114 
look to humans. The science which applies to study of human language is linguistics.  115 

 116 

Figure 2: Semiotic triangle 117 

The semiotic triangle (also known as the triangle of meaning or the triangle of reference) is a model of 118 
how linguistic symbols are related to the objects they represent ( from Wikipedia “Triangle of 119 
reference”). The sender and receiver can understand each other if both use the same symbol for the 120 
related object and have the same description of the object in mind. The description explains the object. 121 
To ensure this, the symbol references to a description of the object as well. 122 

 123 

Figure 3: Semiotic triangle for PI application profiles 124 

Today PI application profiles provide in the context of field devices such a “description” for different 125 
types of devices. But this description is made for humans: The meaning of the “symbols” is known 126 
by the programmers and coded in the software of the devices and controllers.  127 

In future scenarios, e.g., smart manufacturing and Industrie 4.0 machines are directly talking with 128 
each other. To understand each other, the exchange of the value itself is not enough, an additional 129 

https://en.wikipedia.org/wiki/Semiotics
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identification (ID) to specify the value transferred is necessary. The “symbol” in this case is a 130 
combination of ID and value and the ID now references to a machine interpretable description.  131 

 132 

Figure 4: Semantics for PI application profiles 133 

This concept can be used for machine-to-machine communication and / or any semantic based 134 
tools analysing information. The additional ID needed is called the semantic identifier.  135 

We all know, that there is not only one single device used in a plant but many devices even of the 136 
same type measuring different technological values. Semantic also provides a concept to handle 137 
this problem. This is called the “context”. The context describes the application  area and is again 138 
represented by a semantic identifier.  139 

The concatenation of the semantic identifiers for the context (s) and for the symbol(s) result in a 140 
complete technological description. The next figure illustrates this concatenation, building up a 141 
path of semantic identifiers. 142 

 143 

Figure 5: Semantic context (example heat exchanger) 144 

145 
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5 Use cases for semantics 146 

The following use cases were discussed during the various meetings of JWG PNO ECLASS. They 147 
do not claim to be complete but provide an overview on possibilities of using semantics.  148 

All these use cases rely on an international, standardized description of semantic identifier.  149 

5.1 Engineering Workflow 150 

The engineering workflow is characterized by offline scenarios, in which the instance of the device 151 
itself is not present or accessible. 152 

5.1.1 UC1: Selection of devices 153 

During the engineering phase the plant engineer decided, where a pump, a valve, a flowmeter or 154 
a temperature measurement device is needed. Later the engineer has more detaile d data for the 155 
plant like the flow and the pressure of the pump, the materials, which are resistant against the 156 
process demands, the minimal and maximal range of flow and the temperature range, the process 157 
will have. 158 

With this information it is possible to start a request to the device supplier to ask for a quotation of 159 
a full specified device. Due to the huge number of variants, a pump, a valve, a flowmeter can be 160 
manufactured, the supplier provides a web configuration tool to consider all technical data t o be 161 
able to provide a quotation for a device. After the selection, the supplier can calculate the price, 162 
the delivery time, the exact dimensions and weight etc. At the same time, when the engineer gets 163 
these data, he can use all the available (technical) product information to work with these (real) 164 
data in the engineering and construction software at the earliest possible time.  165 

5.1.2 UC2: Ordering devices 166 

The procurement of an engineering company has the task to compare and to buy the specified 167 
devices (or services) for the best price. For this, the buyer has to compare the quotations of several 168 
manufacturers to find the most suitable product (depending on his/her internal guidelines like price, 169 
durability, accuracy, service or spare part expenses, etc.). With a  detailed specification of the 170 
demand, it is possible to get a high-quality quotation with all relevant or mandatory information to 171 
select the most suitable product by using a (semiautomatic) selection tool for the ranking.  172 

5.1.3 UC3: Offline parametrization of devices 173 

During the engineering phase and after the selection of a device (see UC1) the (technical) product 174 
information is available. The engineer can now start to define the parametrization of the devices’  175 
technological variables like min. / max. flow or any other.  176 

The device itself doesn’t need to be present at this time, only a list of the supported variables and 177 
their standardized meaning is needed as input. If the device supports a PI application profile, PI 178 
can provide so called mapping tables, which supply these informations. 179 

5.1.4 UC4: Offline parameter migration 180 

If a device must be replaced, then the new device may have a newer version or may be from a 181 
different vendor. In this case the parameter set for the device needs also to be replaced. For the 182 
transfer of the parameter content from the old device onto the parameter set of the new device , 183 
the semantic information can be used to match corresponding parameters and to adapt parameter 184 
contents to the semantic of the parameters of the new device.  185 

5.2 Runtime Workflows 186 

Runtime workflows are characterized by having an established online communication to the 187 
instance of the device. This is typically true during commissioning and operation phase. 188 
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5.2.1 UC5: Inventory list 189 

PI devices support an electronic faceplate, called “Identification and Maintenance Information”. [1] 190 
Access to this information is different due to e.g., different communication systems like PROFIBUS 191 
or PROFINET. 192 

The PI mapping table “hides” the access and provides the  electronic faceplate in a semantically 193 
standardized manner. An online scan over all active devices [4] connected to the network provides 194 
an inventory list of all devices with their name, manufacturer, order number, serial number, 195 
hardware and software revision available in a plant. 196 

5.2.2 UC6: Download parametrization 197 

The offline parametrization (see UC 3) can be downloaded to the device instance to ensure the 198 
proper functionality. 199 

PI mapping table supports this download by defining the refence between technological value and 200 
write access within the device. Of cause the parameter download can also be done by a device 201 
specific tool. 202 

Note: Typically, more devices instances of the same type are used in a plant. Make sure to identify 203 
the desired device instance first. 204 

5.2.3 UC7: Check parametrization 205 

Over time the parametrization of device instances may be changed (temporarily or not).  Goal of 206 
this use case is to detect differences between the engineering phase (planning) and the real 207 
configuration which is active in the field.  208 

The PI mapping table supports this comparison by defining the reference between technological 209 
value and read access within the device 210 

5.2.4 UC8: Provide information for analytics 211 

Typically, PI devices use internally more information from additional sensors built in to provide the 212 
right value for the control system.  213 

Goal of this use case is to provide this already available not time critical information for analytics. 214 
PI mapping tables offer a technology oriented and standardized way to get this information out of 215 
the devices to be used directly as input for any analytics. 216 

217 
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6  Introduction Semantic Organizations 218 

This chapter gives an overview on semantic organizations already specifying semantic identifiers. 219 
They provide a neutral technological definition of e.g., product data. The scope of product data 220 
may cover catalogue information, parameter and actual values of devices including their 221 
engineering, their diagnostic information or other needed information. 222 

This technological definition is independent from any underlying communication system.  223 

There are several independent organisations worldwide supporting such semantic identifiers. This 224 
chapter gives a short overview of selected organisations (we do not claim a full worldwide view). 225 
The content and examples shown, will focus on PI technology wherever possible, not every other 226 
aspect is covered.  227 

6.1 ECLASS  228 

ECLASS is most developed worldwide ISO/IEC-compliant data standard for goods and services1. 229 
ECLASS contains tens of thousands of product classes and unique properties. This standardize s 230 
procurement, storage, production, and distribution activities in and between companies - across 231 
sectors, countries and languages. 232 

ECLASS is a hierarchical classification system for grouping materials, products and services 233 
according to an agreed, systematic structure. All products and services can be described by 234 
product-specific and standard-compliant properties, which are identified by IRDI's. They are 235 
assigned to the four-level numerical ECLASS class structure. The 4th level of the hierarchical 236 
classification is always the level that carries all structures and properties for the exact description 237 
of the product type or product instance (depending on the use case).  238 

 239 

Figure 6: ECLASS – classification scheme 240 

Since ECLASS release 7.0, a BASIC Application Class (BASIC AC) and an ADVANCED 241 
Application Class (ADVANCED AC) coexist in the same classification system.  242 

The BASIC Application Class is mainly used for e-business catalogues, where people with a 243 
limited number of properties can compare and select the device or service they are looking for in 244 
a flat list. 245 

The ADVANCED Application Class can be used to provide a detailed description of any device 246 
with an almost unlimited number of properties in a hierarchical list with blocks and othe r 247 
structure elements. It is used for engineering and (in the future) for Industrie 4.0 [101] 248 
applications, where machines will exchange data without any human interaction.  249 

For the use with PI only the Advanced application classes can be used. 250 

————————— 
1 The term “services” in context of ECLASS has a much broader scope than the PI technical term  
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ECLASS covers various segments of product types. Segment 27 contains “Electric engineering, 251 
automation, process control engineering” definitions.  252 

 253 

Figure 7: ECLASS – Segment 27 excerpt (https://www.eclasscontent.com/)  254 

The list below covers the most relevant main groups and groups  relevant for PI technology: 255 

• 19-17 Network technology (computer communication)  256 

• 27-02 Electrical drive 257 

• 27-20 Measurement technology, process measurement technology 258 

• 27-21 Signal processing 259 

• 27-23 Process control system (PCS) 260 

• 27-24-22 Programmable logic control (SPS) 261 

• 27-24-26 Field bus, decentralized peripheral 262 

https://www.eclasscontent.com/
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• 27-32 Industrial weighing technology 263 

• 27-37 Low-voltage switch technology 264 

• 37-01-10 Valve (with actuator) 265 
 266 

Let’s make an example: We choose application class 27-24-26-01: Field bus, decentralized 267 
peripheral - analogue I/O module. 268 

This type of module has the Identifier “0173-1---ADVANCED_1_1#01-ADN577#010”. 269 

 270 

Figure 8: ECLASS – example: fieldbus, analogue I/O module 271 

The figure above shows on the right side the definition and identification of the I /O module type. 272 
On the left side, the properties listed there are characterizing the I /O module. 273 

We select the property “design of electrical connection”, with its identifier 0173-1#02-BAD831#012.  274 
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 275 

Figure 9: ECLASS – example: Design of electrical connection 276 

This property has a value list “type of the plug”, containing in this case 39 different types of plugs  277 
(ECLASS11.1). 278 

 279 

Figure 10: ECLASS – example: excerpt of value list “type of the plug”  280 

This example shows how to characterize product features of an I/O module. 281 

The same ideas is used to characterize variables (e.g., actual values, parameters or diagnosis 282 
information) of PI application profile compliant devices. This allows a technologic oriented 283 
standardized access to information. 284 

Access by humans to ECLASS elements (via ECLASS internet page) is free of charge but a license 285 
is required to download ECLASS data structures, to assign data to ECLASS elements and to 286 
exchange data.  287 
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ECLASS and its service providers supply professional IT support, transaction- and version 288 
management and a fast-track procedure (ECLASS ACCELERATED) to get ECLASS elements 289 
(classes, properties, …) defined quickly. 290 

6.2 IEC CDD 291 

IEC Common Data Dictionary (IEC CDD) [105] is an International Standard (IEC 61360-4 DB) and 292 
serves as a common repository of concepts for industrial/technical domains . It is based on the 293 
methodology and the information model of  IEC 61360 series, and provides [105]: 294 

• unambiguous identification of classes and properties, and their  relations 295 

• commonly accepted terminology and definitions based on accepted sources such as IEC 296 
International Standards, other International Standards,  Industry Standards, or Public 297 
Authorities 298 

• hierarchies of concepts enabling users to appropriately characterize their products and 299 
services 300 

• all kind of data element types and concepts like classes, properties, value lists, values, 301 
cardinality, polymorphism, blocks, conditions, qualifiers, conditions, constraints, 302 
relations, … 303 

• technical representation of concepts including units and data types and their identification  304 

IEC CDD actually supports the following domains:  305 

• IEC 62683 (low voltage switch gears) 306 

• IEC 61360 (electric / electronic components) 307 

• IEC 61987 (process automation) 308 

IEC 61987 covers process automation topics in detail. The following picture shows an overview of 309 
supported transmitters. 310 

 311 

Figure 11: IEC CDD – transmitter overview 312 
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Unlike in ECLASS, IEC CDD already provides semantic definitions for device parameters, which 313 
in this case can be mapped to PA Profile [3]. This example shows the parameter low flow cut-off. 314 

 315 

Figure 12: IEC CDD – example property list 316 

The exact parameter definition is given in the following picture. The identifier (IRDI), the description 317 
and the unit in which the parameter value is shown. 318 

 319 

Figure 13: IEC CDD – example property content 320 
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Access by humans to IEC CDD (via internet page) is free of charge. IEC also offers so-called “free 321 
attributes” to enable electronic data exchange free of charge. Download and distribution of 322 
elements and concepts with the full set of attributes requires a license from IEC . 323 

IEC SC3D offers support for IEC TCs/SCs to model and implement concepts in IEC CDD. IEC CDD 324 
offers version management for each and every data element (not for the total database).  It covers 325 
only a few numbers of product types, but being an international standard, the definition depth is in 326 
parts deeper compared to ECLASS. 327 

6.3 Harmonization IEC CDD – ECLASS 328 

An international cooperation between the IEC and ECLASS e.V. was signed in 2016. Under this 329 
Cooperation Agreement the content for mapping belongs to  330 

• IEC 61987, lndustrial-process measurement and control - Data structures and elements in 331 
process equipment catalogues;  332 

• IEC 61360, Standard data element types with associated classification scheme for electric 333 
components; and  334 

• ECLASS Segment 27: Electric engineering, automation, process control engineering.  335 

For the benefit of ECLASS and IEC CDD users, common content shall be identified and easily 336 
accessible in a harmonized form. Actual status see COMDO in section definitions. 337 

It can be expected that for several standards (IEC, ISO, ECLASS) several identifiers (IRDI’s) will 338 
be defined for the same semantic topic.  339 

6.4 International Registration Data Identifiers (IRDI)  340 

IEC CDD and ECLASS both rely on the same basic definition of semantic identifiers , the IRDI. 341 

The structure and syntax of IRDI is defined in ISO/TS 29002-5. 342 
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 343 

Figure 14: IRDI structure [100] 344 

To reach the goal of globally unique identifiers each publishing organization defining IRDI’s requests 345 
an ICD (International Code Designator) at the relevant registration authority to globally identify the 346 
organization and the OI (Organisation Identifier) if specified.  347 

Examples: ECLASS: 0173-1; ISO: 0112/1; IEC: 0112/2 348 

Note: As the separator is not specified in ISO/TS 29002-5 the organisations are using different 349 
separators. Separator examples: ECLASS: “-“; ISO and IEC: “/“ 350 

Data element IRDI 

Dictionary: IEC CDD 

Domain: Electric/electronic components (IEC 61360-4) 

Data element: designation of IP protection 

0112/2///61360_4#AAH011#003 

Dictionary: IEC CDD 

Domain: International Classification for Standards (ISO ICS) 

Data element: Printed circuits and boards 

0112/1///ICS#SAB156#002 

Dictionary: ECLASS 

Data element: degree of protection 

0173-1#02-BAG975#013 

Table 1: Examples for IRDI’s 351 

The item code (IC) - marked bold in the table above - unambiguously identifies a specific data 352 
element in the dictionary. 353 

One advantage of the IRDI is language neutrality. The name and the semantic definition of a data 354 
element can be translated in every language worldwide without changing the semantic meaning.  355 

Note: IEC CDD uses the number of the standard (IEC or ISO) as an additional informatio n (AI) to 356 
distinguish between different domains and their different semantic definitions.  357 
 358 

https://cdd.iec.ch/CDD/IEC61360/iec61360.nsf/PropertiesAllVersions/0112-2---61360_4%23AAH011
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6.5 Thing description 359 

Schema.org [110] is a collaborative, community activity with a mission to create, maintain, and 360 
promote schemas for things (structured data) on the Internet, on web pages, in email messages, 361 
and beyond. Schema.org provides a collection of shared vocabularies webmasters can use to mark 362 
up their web pages in ways that can be understood by the major search engines: Google, Microsoft, 363 
Yandex and Yahoo!  364 

Actually schema.org does not provide semantic definitions relevant for PI technologies.  365 

6.6 IoT thing description 366 

iotschema.org [111] is an extension of schema.org for Internet of Things. The goal is to enable 367 
web applications to interact with the physical world based on machine interpretable information. 368 
iotschema.org enables semantic interoperabil ity for connected things across diverse IoT 369 
ecosystems. 370 

The further development in this direction should be monitored carefully. PI shall not only rely on 371 
IRDI’s but also have the possibility to support definitions like iotschema.org in future as well.  372 

6.7 Summary 373 

Actually, ECLASS is the most promising semantic organization to work with. Reasons  are as 374 
follows: 375 

• ECLASS today mainly supports properties for product catalogues. That means, ECLASS 376 
today already supports use cases UC1 and UC2  377 

• Scope of ECLASS is extended towards Industrie 4.0 [101]. Industrie 4.0 uses ECLASS. 378 

• Professional IT support 379 

• Transaction update management of versions  380 

• Well established version- and change management 381 

• Has fast track procedure getting new properties defined 382 

• Curated long-term specification  383 

• Supports the full life cycle of property definition  384 

For international applications other semantic database standards like IEC CDD needs to be 385 
considered. 386 

387 
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7 Working model JWG PI – ECLASS 388 

In the near future, PI and ECLASS e.V. expect a great value mapping semantically well-defined 389 
product classes / properties to PI technologies. Therefore, a joint working group was established 390 
to work out the technical details to support this mapping automatically executed by machines.  391 

PI brings in the technological know-how of the devices used in automation, ECLASS adds it’s 392 
semantic know how. This unique combination offers a significant step towards smart manufacturing 393 
and Industrie 4.0. 394 

The working model is shown in the next figure.  395 

 396 

Figure 15: Working model PI – ECLASS 397 

Goal of the JWG is to define fieldbus neutral technologic oriented semantic information.  398 

7.1 Current status 399 

At first, the discussions were focused on the semantic organizations ECLASS e.V. and IEC CDD. 400 
The chapter “Introduction Semantic Organizations” provides  technical background, similarities and 401 
differences. 402 

Second the JWG focused on the technical details, e.g., how to map data types and so on. The 403 
results of this discussion and technical solution proposals can be found in chapter “mapping 404 
model”. 405 

Finally, a meta model was built up how to add semantics to PI Application profiles resulting in a 406 
first version of an XML scheme for the mapping tables. This includes a conceptional verification of 407 
the XML scheme by considering several aspects of existing PI application profiles.  408 

7.2 Proposed next steps 409 

Define concrete mapping for selected PI application profiles and refine XML scheme if necessary. 410 

411 



Semantics for PI Application Profiles Version 1.0 

 

© Copyright PNO 2021 - All Rights Reserved Page 24 of 41 Pages 

 

8 Mapping model 412 

The mapping model provides the necessary reference between  413 

• the variable (content and access) defined by PI application profiles  414 

• the technologic meaning by using semantic identifiers (e.g., IRDI paths) without knowledge 415 
of the underlying communication protocol 416 

 417 

 418 

Figure 16: Mapping model overview 419 

The mapping model covers the device types defined by PI application profiles only. 420 

Concrete mapping implementations use instances of these device types. The figure above shows 421 
additional instance related information indicated by the dashed fields. This example contains e.g., 422 
the instance name of the device and a timestamp when the variable was read.  423 

8.1 Mapping requirements  424 

The mapping is an add on to a PI application profile. It is recommended not to reference semantic 425 
identifier directly in the application profile because semantic identifier may be changed 426 
asynchronously by semantic organizations.  427 

There is no single PI mapping table. PI will provide mapping tables for each application profile or 428 
even for each device type defined within an application profile. This allows an incremental 429 
approach and later a flexible handling of updates.  430 

To support different semantic organizations and their identifiers the mapping provides the 431 
possibility to use different types of identifier (e.g., IRDI) for the same variable. 432 

PI application profiles support different underlying communication protocols like PROFINET or 433 
PROFIBUS and use specific methods to access variables. The mapping shall support different 434 
types of access methods for the same variable. 435 

A variable consists of a value and for several data types of a unit (e.g., ˚C) and/or a status (e.g., 436 
good / bad). This fact shall be supported by the mapping.  437 
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PI application profiles often use tables in which a numeric value relates to a selection. Example is 438 
the unit code table provided by the PA Profile, the decimal value 1001 relates to ˚C (degree 439 
Celsius) and has the ECLASS IRDI 0173-1#05-AAA567#004. The mapping shall support the 440 
generic use of tables. 441 

A property may be related (belong) to another property resulting in a series of variables. This is 442 
modeled by IRDI paths representing the series and shall be supported by the mapping. Example: 443 
One property damping belongs to mass flow signal, or the property damping belongs to density 444 
signal.  445 

8.2 Preconditions for using the mapping 446 

The use of the semantic mapping requires for the runtime use cases only some preconditions in 447 
the communication environment. 448 

• A discovery mechanism used to identify the devices connected to the network. See [4]. 449 

• A communication connection to the devices is established 450 

• To detect devices / slots following any PI application profile, the PROFILE_ID (and optional 451 
the PROFILE_SPECIFIC_TYPE) supported by I&M functions can be used. See [1] for further 452 
details. 453 

Using this basic communication information, the semantic access to the devices’ information is 454 
possible. The mapping table describes the link between semantic identifier ( e.g., IRDI) and their 455 
associated access and data already standardized by PI application profiles.  456 

8.3 Mapping of data types 457 

PI application profiles support constrained devices. This is the reason why much more data types 458 
[2] than of other concepts are used to save device resources. Example: there are data types for 459 
integer with different lengths: int8, int16, int32 and int64.  460 

Semantic definitions do not need this restriction. They typically support native data types e.g., the 461 
data type integer. Combining data type and data format, restrictions can be defined as well. 462 

However, the different data types must be converted to ensure the right values to be used. There 463 
is almost no conversion problem reading information from a device. Writing to a device requires 464 
an online check whether the given value from outside can be correctly transferred to the device or 465 
not. 466 

The mapping table provides the data type used by the device to perform this check.  467 

Hint 1: There is no unsigned data type in ECLASS yet. Reading may cause problems when data 468 
type unsigned64 is used and the values exceed 232. In this case a wrong negative value is 469 
assumed. 470 

Hint 2: PI data types use big endian coding. Typically, PC data types use little endian coding. In 471 
case of need, the byte order has to be exchanged. See [2] for further information. 472 

8.4 Mapping units 473 

Units are also coded as IRDI’s. IEC/TS 62720 “Identification of units of measurement for computer-474 
based processing” provides the definition for IEC CDD. ECLASS provides own IRDI’s based on 475 
UnitsML. There is a 1:1 relationship between units for IEC and units for ECLASS. 476 
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 477 

Figure 17: Example unit nanofarad from IEC TS 62720 478 

For practical reasons, ECLASS assumes units to be fixed. This means the version information will 479 
not be used, especially for ECLASS updates. 480 

Depending on the definition of the PI application profile, a unit of a variable can be fixed or read / 481 
written from / to the device. Due to constrained resources, the PI devices deliver a coded number 482 
instead of a string or IRDI.  483 

 484 

Figure 18: Example unit code nanofarad from PA Profile  485 

In this example, the coded number for unit “nanofarad” is 1248. The IRDI for “nanofarad” is 486 
0112/2///62720#UAA903#001. A special transformation table for units is necessary to 487 
automatically map coded number for unit to IRDI. 488 

Hint: PI needs different unit transformation tables depending on the different application profiles 489 
supported. 490 

Hint: The transformation tables should support ECLASS and IEC CDD identifiers for units.  491 

8.5 Mapping using transformations 492 

Constrained devices often do not support strings directly. Therefore, often lists with value – string 493 
pairs are defined in PI Application profiles. Examples:  494 

• Manufacturer ID – company name https://www.profibus.com/IM/Man_ID_Table.xml 495 

https://www.profibus.com/IM/Man_ID_Table.xml
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These lists shall be converted in machine readable format to perform the automated transformation 496 
from value to string.  497 

The second type of lists defines triples: value – string – IRDI’s. Example: 498 

• Type of linearization  499 
PA Profile 4.0 value 119 string RTD Ni100 IRDI (CDD) ABB088/ABK987 500 

• ECLASS (AAT180 defines type of RTD sensor)  501 
PA Profile 4.0 value 119 string Ni100 IRDI (ECLASS) 07-AAX026 502 

Hint: in contradiction to units, transformations in general are version depended.  503 

8.6 Proof of concept: electronic faceplate 504 

PROFINET and PROFIBUS DP V1 devices support the PI wide standardized identification and 505 
maintenance data (I&M).  506 

One part of the I&M data is the electronic faceplate. The following table shows the mapping  by 507 
adding the ECLASS semantic identifiers and their data types. 508 

PROFINET / 
PROFIBUS  

Offset, 
length 

Data type ECLASS device 
identification 

ECLASS IRDI path ECLASS 
data type 

MANUFACTURER_ID 0, 2 unsigned 16 Manufacturer name /:ADN228/AAQ373/AAO677 String_ 
translatable 

ORDER_ID 2, 22 visible string 20 Product article 
number of 
manufacturer 

/:ADN228/AAQ373/AAO676 String_ 
translatable 

SERIAL_NUMBER 22, 38 visible string 16 Serial number /:ADN228/AAQ373/AAM556 String_ 
translatable 

HW Revision 38, 54 visible string 16 Hardware version /:ADN331/AAN270 String_ 
translatable 

SW Revision 54, 70 visible string 16 Firmware version /:ADN331/AAM985 String_ 
translatable 

Table 2: Mapping electronic faceplate  509 

This proof of concept shows the general idea works. Using an ECLASS IRDI can be mapped to a 510 
standardized data access in a device. 511 

This example also shows the use of transformations. The MANUFACTURER_ID represents the 512 
name of the manufacturer. PI provides a list transforming ID’s to name, see 513 
https://www.profibus.com/IM/Man_ID_Table.xml.  514 

Note: Keep in mind that the transformation Manufacturer → name to ID is not 1:1. There might be 515 
several entries for one manufacturer due to mergers and acquisitions  over time. 516 

  517 

https://www.profibus.com/IM/Man_ID_Table.xml
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8.7 Verification of mapping using PA Profile V 4.0 518 

To verify this general concept, we used the PI application profile “PA Profile” V4.0 [3]. One reason 519 
is being a real complex example, the other reason is that there are already IRDI definitions by IEC 520 
CDD available. 521 

8.7.1 Support different device types within a profile 522 

PA Profile [3] defines different types of devices (so called transducer blocks) for e.g., flow or 523 
temperature transmitter. Interesting problem here is that a flow transducer block also supports a 524 
temperature but the address is different (slot 3 vs. slot 1)  compared with temperature transducer 525 
block. 526 

 527 

Figure 19: Example different ECLASS device types 528 

 529 

Figure 20: Example different PA Profile device types 530 

Solution: 531 

The mapping file must be specific for the device type used. That means, there is a mapping table 532 
for the device type flow transmitter and another mapping table for temperature. PA profile e.g., 533 
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specifies device type with the help of online readable information. To select the right file, the file 534 
name must include such device type information. 535 

8.7.2 Variable names are used multiple times 536 

In the example shown, the variable damping is used several times. In fact, the device supports for 537 
each primary variable (e.g., mass flow) an own value for damping. This requires that not only the 538 
variable but also the context is necessary.  539 

 540 

Figure 21: Example context 541 

Solution: 542 

Instead using the IRDI for damping ABH526 (from CDD) the IRDI path which indicates this is the 543 
damping for e.g., the variable mass flow shall be used. This link shall be explicitly modelled within 544 
the mapping file to avoid time and processing power consuming searches.  545 

8.7.3 Unit Codes need transformation 546 

The chapter “Mapping Units” already describes the principle. A transformation is used to convert 547 
PI application profile unit codes to IRDI’s and vice versa.  548 

8.7.4 Shown display language 549 

PA devices support different languages on their local display.  ECLASS supports a list of all 550 
supported display languages (AAT401). There is up to now no ECLASS identifier which language 551 
is actually shown on the display. 552 

Solution: 553 
Add a new IRDI in ECLASS. 554 

8.7.5 Different types of linearization 555 

PA Profile [3] Table 240 provides a list “Type of linearization”, supporting e.g., different 556 
temperature sensor types (e.g., PT 100, Ni 100).  557 

 558 

Figure 22: Example linearization 559 
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 560 

Figure 23: Example linearization IEC CDD 561 

 562 

Figure 24: Example linearization ECLASS  563 

Solution: 564 

Use triple transformation: value (from PI application profile), string (human readable), IRDI (from 565 
ECLASS, IEC CDD) 566 

Hint: Linearization is version dependent 567 

8.7.6 Conclusion 568 

From theoretical point of view, the semantic mapping of PA Profile with all its specifics is possible. 569 

570 
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9 Recommended Actions 571 

The recommended actions base on the discussions in the JWG PI – ECLASS. They will be 572 
extended or refined if needed. 573 

9.1 ECLASS 574 

Delete PROLIST information within ECLASS. In ECLASS10.1 the PROLIST information is already 575 
signed as “phased out”.  576 

Build up a definition which focusses on technology properties for PA devices only and align to IEC 577 
CDD 61987-Series). Keep this definition as slim as possible. Do not introduce any communication 578 
or fieldbus specific properties / information. Incorporate results from project COMDO. 579 

Continue already started activities on ECLASS – OWL mapping to enable use of W3C semantic 580 
tools (e.g., search engines) together with ECLASS semantic definitions. 581 

Additional tool support is necessary: Simple export of complete path for use in PI mapping tables. 582 
This path shall be the same path as used in TUF file for ECLASS version updates. Support also 583 
value lists with its values. 584 

9.2 PI 585 

Today not all data provided by PI application prof iles already have such a semantic property 586 
defined, it is future work to provide a complete set of information.  587 

Up to the PG’s to 588 

• Select parameter / values defined by profile to be extended with semantic identifiers  589 

• Support ECLASS IRDI’s and other semantic identifiers (e.g., IEC CDD IRDI’s) as well 590 

• Provide XML file(s) for mapping 591 

• Support ECLASS TUF update mechanisms 592 

9.3 JWG PI – ECLASS 593 

This white paper describes the results of the JWG PI – ECLASS so far. Future work: 594 

• Refine the meta model (and XML mapping file) when necessary 595 

• Give support and advice to PI PG’s working on semantic definitions for application profiles 596 
and beyond 597 

• Evaluate PI goal to shorten IRDI paths vs. TUF update file 598 

Support ECLASS version updates by providing updated mapping tables.  Use ECLASS beta 599 
versions to prepare XML files in advance for testing purposes.  600 

601 
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10 Annex: XML Schema for Mapping table  602 

The mapping table models how to access to information provided by PI application profiles using 603 
a given semantic identifier (e.g., IRDI path). The complete property definition of semantic 604 
organisations like ECLASS will not be part of the mapping table in order to avoid inconsistencies 605 
or double definitions. 606 

This XML schema can be found in the attachments to this white paper, file name 607 
“PI_ECLASS_SemanticMapping_1.0.xsd”. 608 

The XML schema contains type information only. The number of instances needed depends on the 609 
number of connected devices. 610 

10.1 Overview 611 

 612 

Figure 25: Overview XML mapping table 613 

The SemanticMapping XML file consists of one Header and one VariableList for each device type. 614 

The VariableList contains all Variables (e.g. PI data record elements) of this device type for which 615 
a semantic definition is needed. 616 

Each Variable has a Value and optional a Unit or UnitReference.  617 

The Value is defined in the PI application profile with its piName, meaning, data type, online 618 
access, … . The Semantic identifiers (e.g. IRDI path) are added. There may be different Semantic 619 
identifiers from different semantic organizations or versions.  620 

Beside the Value itself, the Unit is necessary (e.g. length 10 mm) to describe the complete 621 
information. The Unit may also be read from the device (like the Value) and has also a Semantic 622 
identifier. Alternatively, UnitReference refers to the unit of another Variable.  623 

  624 
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10.2 XML filename 625 

The XML filename for a specific device type enables any mapping application to determine the 626 
right mapping table to be used for the connected device.  The filename shall fulfill the following 627 
conventions 628 

PI_SEM1.0-<profileID>-<profileSubID>-<releaseDate> 629 

PI_SEM1.0 630 
Indicates a PI semantic mapping table with the used schema version 631 

<profileID> 632 
Indicates the PI application profile e.g., 0x9700 for PA Profile. 633 

<profileSubID> 634 
Indicates different device types supported by PI application profile 635 

<releaseDate> 636 
Indicates the date of the mapping table released. Format is yyyymmdd 637 

Background: The online detection of devices delivers exactly the information, which profile and 638 
profile sub type is supported. This can be easily used to open the corresponding XML file. 639 

This definition supports the following Requirements 640 

• Machine readable 641 

• no additional information (see XML Header inside the file) 642 

• global unique file names (one directory for all mapping files)) 643 

• contains version of XML scheme to optimize file open with the right scheme 644 

Hints:  645 

• For some PI profiles a specific logic is needed to determine the exact type of the device.  646 

• IO-Link is currently not supported. Reason: One IO-Link device may support more than one 647 
profile ID. 648 

 649 

10.3 Header 650 

The Header within the XML file supports the same information that is given in the filename. This 651 
is intended to doublecheck eventual misuse of windows rename function.  652 
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 653 

Figure 26: XML Header 654 

Version 655 
Version of this XML schema for SemanticMapping 656 

ReleaseDate 657 
release date of the XML mapping file for the specific device type supported 658 

ProfileID 659 
Profile ID defined by PI for each application profile, see I&M0 data 660 
https://www.profibus.com/IM/Profile_ID_Table.xml  661 

ProfileSubID (optional) 662 
Specifies sub types of devices, see I&M0 data Profile Specific Type or IdentNumber  663 

10.4 VariableList 664 

The VariableList contains all Variables (e.g. PI data record elements) of this device type needing 665 
a semantic definition. 666 

 667 

Figure 27: XML Variable List 668 

VariableList 669 
Container for all Variables defined 670 

10.4.1 Variable 671 

Each Variable has a Value and optional a Unit or UnitReference.  672 

https://www.profibus.com/IM/Profile_ID_Table.xml
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 673 

Figure 28: XML Variable 674 

piName 675 
name of the Variable from PI application profile 676 

belongsTo (optional) 677 
Link to another Variable. Can be used e.g., for damping as reference to primary variable e.g., 678 
mass flow. 679 

10.4.1.1 Value 680 

The Value is defined in the PI application profile. The textual references to the data type, the online 681 
access (for e.g., PROFINET and / or PROFIBUS), the referring Unit etc. and the Semantic identifier 682 
are modelled for computerized use. 683 

 684 

Figure 29: XML Value 685 

piDataType 686 
data type of the Value defined by PI application profile 687 
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bitLength (optional) 688 
length of bits of PI data type. Only needed if not al igned to byte boundaries 689 

length (optional) 690 
length of octets of PI data type 691 

gradient / offset (optional) 692 
enables linearization of the Value if needed 693 

offlineValue (optional) 694 
predefined Value by PI application profile 695 

transformation (optional) 696 
Reference to a transformation with a keyword having input and output parameters. Each 697 
transformation has to be coded within the application. This is used for 698 

• coding /decoding a list with “value ↔ string” tupels. E.g., useful for decoding manufacturer 699 
ID’s to manufacturer names. This transformation could be indicated with the keyword 700 
“Manufacturer List” 701 

• containing business logic. E.g. for IO-Link, the MinCycleTime ranges from 0.4 to 132.8 702 
milliseconds with varying resolution, and is encoded in a single byte. It uses 6 bits 703 
multiplicator and 2 bits time base encoding, as specified in the IO-Link Interface and 704 
System Specification. This transformation could be indicated with the keyword “IO-Link 705 
CycleTime” 706 

10.4.1.2 Online access (optional) 707 

Depending on the fieldbus and the application profile, dif ferent types to access the data from the 708 
device are needed.  709 

 710 

Figure 30: XML OnlineAccessT 711 

accessRights 712 
Value may be read only, read/write or write only. Defined by PI specifications. 713 

The standard access types for PI fieldbus communication technologies have to be coded within 714 
the application using the following definitions: 715 

• PROFINET: PNOnlineAccessT – native access type to data  716 

• PROFIBUS: PBOnlineAccessT – native access type to data  717 

• PROFIBUS DS 255 call mechanism (see [1]): PBCall255OnlineAccessT – access type for 718 
e.g. I&M data 719 

The XML model allows to add more than one OnlineAccessT for a Value, supporting the different 720 
PI fieldbus systems.  721 

These types can be extended for e.g.:  722 

• PROFIdrive: PDOnlineAccessT and PDOnlineAccessUnit 723 
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• PA Profile V3: PA3OnlineAccessT 724 

10.4.1.3 Online access PROFINET (optional) 725 

Native data access type for PROFINET: PNOnlineAccessT  726 

 727 

Figure 31: XML PNOnlineAccessT 728 

slot (optional) 729 
the slot within the device. Defined by PI specifications. Needed e.g., for PA devices 730 

subslot 731 
the subslot to address within the device. Defined by PI specifications 732 

index 733 
the record number within the subslot to address. Defined by PI specifications 734 

byteOffset 735 
the byte offset within the record to address the value. Defined by PI specifications 736 

bitOffset (optional) 737 
The bit offset within the addressed byte. Defined by PI specifications 738 

10.4.1.4 Online access PROFIBUS (optional) 739 

Native data access type for PROFIBUS: PBOnlineAccessT 740 
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 741 

Figure 32: XML PBOnlineAccessT 742 

slot (optional) 743 
the slot within the device to address. Defined by PI specifications 744 

index 745 
the record number within the slot to address. Defined by PI specifications 746 

byteOffset 747 
the byte offset within the record to address the Value. Defined by PI specifications 748 

bitOffset (optional) 749 
The bit offset within the addressed byte. Defined by PI specifications 750 

10.4.1.5 Online access PROFIBUS Call 255 mechanism (optional) 751 

Access type to data using PROFIBUS DS 255 call mechanism (see [1]). Needed e.g., for I&M data. 752 

 753 

Figure 33: XML PBCall255OnlineAccessT 754 
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slot (optional) 755 
the slot within the device to address 756 

index 757 
the record number within the slot to address 758 

byteOffset 759 
the byte offset within the record to address the Value 760 

bitOffset (optional) 761 
The bit offset within the addressed byte 762 

entity 763 
The sub-component within a slot 764 

functionInvocationIndex 765 
the communication service to use. See [1], table “Services of the Load Region state machine” 766 

10.4.1.6 Semantic  767 

For each Value, at least one semantic description is defined.  768 

 769 

Figure 34: XML Semantic container 770 

Semantic 771 
container for all types of semantic identifier 772 

There can be different types of semantic identifiers, supporting e.g., ECLASS or IEC CDD at the 773 
same time. In this version of XML semantic mapping, ECLASS and IEC CDD are different types to 774 
distinguish between both, but the layout of the content is the same. 775 

 776 

Figure 35: XML SemanticT 777 

identifier 778 
the semantic identifier defined by the appropriate semantic organization. The IRDI path is included. 779 

Version (optional) 780 
container for all versions of the semantic organization the identifier is valid. 781 

id 782 
defines the version of the originator of the semantic identifier. E. g. ECLASS11.1 783 



Semantics for PI Application Profiles Version 1.0 

 

© Copyright PNO 2021 - All Rights Reserved Page 40 of 41 Pages 

 

10.4.2 Unit and UnitReference 784 

The Unit of a Variable can be fixed or read / written from the device, depending on the definition 785 
of the PI specifications. Therefore, Unit is modeled in the same way as Value, with data types and 786 
onlineAccessT. 787 

 788 

Figure 36: XML Unit and UnitReference 789 

Due to constrained resources, the PI devices deliver a coded number instead of a string or IRDI 790 
for units. A special transformation is needed to get the IRDI of the unit.  791 

transformation 792 
coding / decoding a list with “value ↔ string” tupels. In this case, a table with the coded number 793 
of the unit, the ECLASS IRDI and the CDD IRDI could be provided. This transformation could be 794 
indicated with the keyword “Unit List” 795 

UnitReference 796 
A Value may have a Unit or alternatively a UnitReference. The UnitReference supports the fact 797 
that not every Value has an own Unit defined. For example, a process value for pressure defines 798 
the unit itself, but upper and lower pressure limits (being also independent values with own 799 
semantics) always use the same unit definition as the process value.  800 

piName 801 
reference to the Variable from which the Unit has to be used 802 

  803 
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