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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 176 

____________ 177 

 178 

OPC UNIFIED ARCHITECTURE –  179 

 180 

Part 8: Data access 181 

 182 

FOREWORD 183 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all 184 
national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-185 
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition to 186 
other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly Available 187 
Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their preparation is entrusted to technical 188 
committees; any IEC National Committee interested in the subject dealt with may participate in this preparatory work. 189 
International, governmental and non-governmental organizations liaising with the IEC also participate in this preparation. 190 
IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with conditions 191 
determined by agreement between the two organizations. 192 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 193 
consensus of opinion on the relevant subjects since each technical committee has representation from all interested IEC 194 
National Committees.  195 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Committees 196 
in that sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, 197 
IEC cannot be held responsible for the way in which they are used or for any misinterpretation by any end user. 198 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparently 199 
to the maximum extent possible in their national and regional publications. Any divergence between any IEC Publication 200 
and the corresponding national or regional publication shall be clearly indicated in the latter. 201 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity assessment 202 
services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services carried out by 203 
independent certification bodies. 204 

6) All users should ensure that they have the latest edition of this publication. 205 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and members 206 
of its technical committees and IEC National Committees for any personal injury, property damage or other damage of 207 
any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the 208 
publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  209 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is indispensable 210 
for the correct application of this publication. 211 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rights. 212 
IEC shall not be held responsible for identifying any or all such patent rights. 213 

International Standard IEC 62541-8 has been prepared by subcommittee 65E: Devices and integration 214 
in enterprise systems, of IEC technical committee 65: Industrial-process measurement, control and 215 
automation. 216 

This fourth edition cancels and replaces the third edition published in 2020. This edition constitutes a 217 
technical revision. 218 

This edition includes the following significant technical changes with respect to the previous edition: 219 

a) Added a “Quantity Model” which can be referenced from EngineeringUnit Properties. The model 220 
defines quantities and assigned units. In addition it provides alternative units and the conversion 221 
to them. 222 

b) Added additional rules for ValuePrecision Property: 223 

• Can also be used for other subtypes like Duration and Decimal. 224 
• Added rules when ValuePrecision has negative values. 225 
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The text of this International Standard is based on the following documents: 226 

CDV Report on voting 

65E/XX/CDV 65E/XX/RVC 

 227 
Full information on the voting for the approval of this International Standard can be found in the report 228 
on voting indicated in the above table. 229 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 230 

Throughout this document and the other parts of the IEC 62541 series, certain document conventions 231 
are used: 232 

Italics are used to denote a defined term or definition that appears in the "Terms and definition" clause 233 
in one of the parts of the IEC 62541 series. 234 

Italics are also used to denote the name of a service input or output parameter or the name of a 235 
structure or element of a structure that are usually defined in tables. 236 

The italicized terms and names are, with a few exceptions, written in camel-case (the practice of 237 
writing compound words or phrases in which the elements are joined without spaces, with each 238 
element's initial letter capitalized within the compound). For example, the defined term is 239 
AddressSpace instead of Address Space. This makes it easier to understand that there is a single 240 
definition for AddressSpace, not separate definitions for Address and Space. 241 

A list of all parts of the IEC 62541 series, published under the general title OPC Unified Architecture, 242 
can be found on the IEC website. 243 

The committee has decided that the contents of this document will remain unchanged until the stability 244 
date indicated on the IEC website under "http://webstore.iec.ch" in the data related to the specific 245 
document. At this date, the document will be  246 

• reconfirmed, 247 

• withdrawn, 248 

• replaced by a revised edition, or 249 

• amended. 250 

 251 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 

 252 
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OPC UNIFIED ARCHITECTURE –  253 

 254 

Part 8: Data Access 255 

 256 

1 Scope 257 

This part of IEC 62541 is part of the overall OPC Unified Architecture (OPC UA) standard series 258 
and defines the information model associated with Data Access (DA). It particularly includes 259 
additional VariableTypes and complementary descriptions of the NodeClasses and Attributes 260 
needed for Data Access, additional Properties, and other information and behaviour. 261 

The complete address space model, including all NodeClasses and Attributes is specified in 262 
IEC 62541-3. The services to detect and access data are specified in IEC 62541-4. 263 

Annex A specifies the recommended way how the information received from OPC COM Data 264 
Access (DA) Servers shall be mapped to the model in this document. 265 

2 Normative references 266 

The following referenced documents are indispensable for the application of this document. For 267 
dated references, only the edition cited applies. For undated references, the latest edition of 268 
the referenced document (including any amendments and errata) applies. 269 

IEC 62541-1, OPC Unified Architecture - Part 1: Overview and Concepts 270 

IEC 62541-3, OPC Unified Architecture - Part 3: Address Space Model 271 

IEC 62541-4, OPC Unified Architecture - Part 4: Services 272 

IEC 62541-5, OPC Unified Architecture - Part 5: Information Model 273 

IEC 62541-19, OPC Unified Architecture - Part 19: Dictionary References 274 

UN/CEFACT: UNECE Recommendation N° 20, Codes for Units of Measure Used in 275 
International Trade 276 

https://www.unece.org/cefact/codesfortrade/codes_index.html  277 

3 Terms, definitions and abbreviated terms 278 

3.1 Terms and definitions 279 

For the purposes of this document, the terms and definitions given in IEC 62541-1, IEC 62541-280 
3, and IEC 62541-4 and the following apply. 281 

3.1.1  282 
DataItem 283 
link to arbitrary, live automation data, that is, data that represents currently valid information 284 

Note 1 to entry: Examples of such data are 285 
• device data (such as temperature sensors), 286 
• calculated data, 287 
• status information (open/closed, moving), 288 
• dynamically-changing system data (such as stock quotes), 289 
• diagnostic data. 290 

3.1.2  291 
AnalogItem 292 
DataItem that represents continuously-variable physical quantities (e.g., length, temperature), 293 
in contrast to the digital representation of data in discrete items 294 

Note 1 to entry: Typical examples are the values provided by temperature sensors or pressure sensors. OPC UA 295 
defines specific VariableTypes to identify an AnalogItem. Properties describe the possible ranges of AnalogItems. 296 
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3.1.3  297 
DiscreteItem 298 
DataItem that represents data that may take on only a certain number of possible values (e.g., 299 
OPENING, OPEN, CLOSING, CLOSED) 300 

Note 1 to entry: Specific VariableTypes are used to identify DiscreteItems with two states or with multiple states. 301 
Properties specify the string values for these states. 302 

3.1.4  303 
ArrayItem 304 
DataItem that represents continuously-variable physical quantities and where each individual 305 
data point consists of multiple values represented by an array (e.g., the spectral response of a 306 
digital filter) 307 

Note 1 to entry: Typical examples are the data provided by analyser devices. Specific VariableTypes are used to 308 
identify ArrayItem variants.  309 

3.1.5  310 
EngineeringUnits 311 
units of measurement for AnalogItems that represent continuously-variable physical quantities 312 
(e.g., length, mass, time, temperature) 313 

Note 1 to entry: This standard defines Properties to inform about the unit used for the DataItem value and about 314 
the highest and lowest value likely to be obtained in normal operation. 315 

3.2 Abbreviated terms 316 

DA Data Access 317 
EU Engineering Unit 318 
NaN „Not a Number“ defined in IEEE 754 319 
UA  Unified Architecture 320 

4 Concepts 321 

Data Access deals with the representation and use of automation data in Servers. 322 

Automation data can be located inside the Server or on I/O cards directly connected to the 323 
Server. It can also be located in sub-servers or on other devices such as controllers and 324 
input/output modules, connected by serial links via field buses or other communication links. 325 
OPC UA Data Access Servers provide one or more OPC UA Data Access Clients with 326 
transparent access to their automation data. 327 

The links to automation data instances are called DataItems. Which categories of automation 328 
data are provided is completely vendor-specific. Figure 1 illustrates how the AddressSpace of 329 
a Server might contain a broad range of different DataItems. 330 
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OPC UA Server 

  AddressSpace 
with data items 
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 331 

Figure 1 – OPC DataItems are linked to automation data 332 

Clients may read or write DataItems, or monitor them for value changes. The Services needed 333 
for these operations are specified in IEC 62541-4. Changes are defined as a change in status 334 
(quality) or a change in value that exceeds a client-defined range called a Deadband. To detect 335 
the value change, the difference between the current value and the last reported value is 336 
compared to the Deadband. 337 
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5 Model 338 

5.1 General 339 

The DataAccess model extends the variable model by defining VariableTypes. The 340 
DataItemType is the base type. ArrayItemType, BaseAnalogType and DiscreteItemType are 341 
specializations. See Figure 2. Each of these VariableTypes can be further extended to form 342 
domain or server specific DataItems. 343 

DataItemType

DiscreteItemType

TwoStateDiscreteType

MultiState
DiscreteType

BaseDataVariableType Defined in 
[UA Part 5]

MultiStateValue
DiscreteType

<other>Type

ArrayItemType BaseAnalogType

AnalogItemType

AnalogUnitRange
Type

AnalogUnitType

 344 

Figure 2 – DataItem VariableType hierarchy 345 

5.2 SemanticsChanged 346 

The StatusCode also contains an informational bit called SemanticsChanged. 347 

Servers that implement Data Access shall set this Bit in notifications if certain Property values 348 
defined in this standard change. The corresponding Properties are specified individually for 349 
each VariableType. 350 

Clients that use any of these Properties should re-read them before they process the data value. 351 

5.3 Variable Types 352 

5.3.1 DataItemType 353 

This VariableType defines the general characteristics of a DataItem. All other DataItem Types 354 
derive from it. The DataItemType derives from the BaseDataVariableType and therefore shares 355 
the variable model as described in IEC 62541-3 and IEC 62541-5. It is formally defined in Table 356 
1. 357 
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Table 1 – DataItemType definition 358 

Attribute Value 
BrowseName DataItemType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType BaseDataType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the BaseDataVariableType defined in IEC 62541-5; i.e the Properties of that type are inherited. 
HasSubtype VariableType BaseAnalogType Defined in 5.3.2.2  
HasSubtype VariableType DiscreteItemType Defined in 5.3.3 
HasSubtype VariableType ArrayItemType Defined in 5.3.4 
HasProperty Variable Definition String PropertyType Optional 
HasProperty Variable ValuePrecision Double PropertyType Optional 
Conformance Units 
Data Access DataItems 

 359 

Definition is a vendor-specific, human readable string that specifies how the value of this 360 
DataItem is calculated. Definition is non-localized and will often contain an equation that can 361 
be parsed by certain clients. 362 

Example:  Definition::= “(TempA – 25) + TempB” 363 

ValuePrecision specifies the maximum precision that the Server can maintain for the item based 364 
on restrictions in the target environment. 365 

ValuePrecision can be used for the following DataTypes: 366 

• For Float, Double, and Decimal values it specifies the number of digits after the decimal 367 
place when it is a positive number. When it is a negative number, it specifies the number 368 
of insignificant digits to the left of the decimal place. 369 
For example a ValuePrecision of -2 specifies that the precision of the Value is to the 370 
nearest 100. The ValuePrecision should always be a whole number and it shall always 371 
be interpreted as a whole number by rounding it to the nearest whole number. 372 

• For DateTime values it shall always be a positive number which indicates the minimum 373 
time difference in nanoseconds. For example, a ValuePrecision of 20 000 000 defines 374 
a precision of 20 ms. The ValuePrecision should always be a whole number and it shall 375 
always be interpreted as a whole number by rounding it to the nearest whole number. 376 

• ValuePrecision can also be used for other subtypes of Double (like Duration) and other 377 
Number subtypes that can be represented by a Double. 378 

The ValuePrecision Property is an approximation that is intended to provide guidance to a 379 
Client. A Server is expected to silently round any value with more precision that it supports. 380 
This implies that a Client may encounter cases where the value read back from a Server differs 381 
from the value that it wrote to the Server. This difference shall be no more than the difference 382 
suggested by this Property. 383 

The algorithm for rounding should follow the so-called “Banker’s rounding” (aka Round half to 384 
even), in which numbers which are equidistant from the two nearest integers are rounded to the 385 
nearest even integer. Thus, 0.5 rounds down to 0; 1.5 rounds up to 2. 386 

Other decimal fractions round as you would expect: 0.4 to 0, 0.6 to 1, 1.4 to 1, 1.6 to 2, etc. 387 
Only x.5 numbers get the "special" treatment. 388 

 389 

5.3.2 AnalogItem VariableTypes 390 

5.3.2.1 General 391 

The VariableTypes in this subclause define the characteristics of AnalogItems. The types have 392 
identical semantics and Properties but with diverging ModellingRules for individual Properties. 393 

The Properties are only described once - in 5.3.2.2. The descriptions apply to the Properties 394 
for the other VariableTypes as well. 395 
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5.3.2.2 BaseAnalogType 396 

This VariableType is the base type for analog items. All Properties are optional. Subtypes of 397 
this base type will mandate some of the Properties. The BaseAnalogType derives from the 398 
DataItemType. It is formally defined in Table 2. 399 

Table 2 – BaseAnalogType definition 400 

Attribute Value 
BrowseName BaseAnalogType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Number 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the DataItemType defined in 5.3.1; i.e. the Properties of that type are inherited. 
HasSubtype VariableType AnalogItemType Defined in 5.3.2.3 
HasSubtype VariableType AnalogUnitType Defined in 5.3.2.4 
HasProperty Variable InstrumentRange Range PropertyType Optional 
HasProperty Variable EURange Range PropertyType Optional 
HasProperty Variable EngineeringUnits EUInformation PropertyType Optional 
Conformance Units 
Data Access BaseAnalogType 

 401 

The following paragraphs describe the Properties of this VariableType. If the analog item’s 402 
Value contains an array, the Properties shall apply to all elements in the array. 403 

InstrumentRange defines the value range that can be returned by the instrument. 404 

Example:  InstrumentRange::= {-9999.9, 9999.9} 405 

Although defined as optional, it is strongly recommended for Servers to support this Property. 406 
Without an InstrumentRange being provided, Clients will commonly assume the full range 407 
according to the DataType. 408 

The InstrumentRange Property may also be used to restrict a Built-in DataType such as Byte 409 
or Int16) to a smaller range of values.  410 

Examples: 411 
UInt4:  InstrumentRange::= {0, 15} 412 
Int6:  InstrumentRange::= {-32, 31} 413 

The Range DataType is specified in 5.6.2. 414 

EURange defines the value range likely to be obtained in normal operation. It is intended for 415 
such use as automatically scaling a bar graph display. 416 

Sensor or instrument failure or deactivation can result in a returned item value which is actually 417 
outside of this range. Client software must be prepared to deal with this possibility. Similarly a 418 
Client may attempt to write a value that is outside of this range back to the server. The exact 419 
behaviour (accept, reject, clamp, etc.) in this case is Server-dependent. However, in general 420 
Servers shall be prepared to handle this. 421 

Example:  EURange::= {-200.0,1400.0} 422 

See also 7.2 for a special monitoring filter (PercentDeadband) which is based on the 423 
engineering unit range. 424 

NOTE If EURange is not provided on an instance, the PercentDeadband filter cannot be used for that instance (see 425 
clause 7.2). 426 

EngineeringUnits specifies the units for the DataItem’s value (e.g., DEGC, hertz, seconds). The 427 
EUInformation type is specified in 5.6.3. The NonHierarchical References HasQuantity (see 428 
6.5.2) and HasEngineeringUnitDetail (see 6.5.1) can be used to expose further information for 429 
the unit. 430 

It is important to note that understanding the units of a measurement value is essential for a 431 
uniform system. In an open system in particular where Servers from different cultures might be 432 
used, it is essential to know what the units of measurement are. Based on such knowledge, 433 
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values can be converted if necessary before being used. Therefore, although defined as 434 
optional, support of the EngineeringUnits Property is strongly advised. 435 

OPC UA recommends using the “Codes for Units of Measurement” (see UN/CEFACT: UNECE 436 
Recommendation N° 20). The mapping to the EngineeringUnits Property is specified in 5.6.3. 437 

Examples for unit mixup: In 1999, the Mars Climate Orbiter crashed into the surface of Mars. The main reason was 438 
a discrepancy over the units used. The navigation software expected data in newton second; the company who built 439 
the orbiter provided data in pound-force seconds. Another, less expensive, disappointment occurs when people used 440 
to British pints order a pint in the USA, only to be served what they consider a short measure. 441 

The StatusCode SemanticsChanged bit shall be set if any of the EURange (could change the 442 
behaviour of a Subscription if a PercentDeadband filter is used) or EngineeringUnits (could 443 
create problems if the Client uses the value to perform calculations) Properties are changed 444 
(see clause 5.2 for additional information). 445 

5.3.2.3 AnalogItemType 446 

This VariableType requires the EURange Property. The AnalogItemType derives from the 447 
BaseAnalogType. It is formally defined in Table 3. 448 

Table 3 – AnalogItemType definition 449 

Attribute Value 
BrowseName AnalogItemType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Number 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the BaseAnalogType defined in 5.3.2.2; i.e. the Properties of that type are inherited. 
HasSubtype VariableType AnalogUnitRangeType Defined in 5.3.2.5 
HasProperty Variable EURange Range PropertyType Mandatory 
Conformance Units 
Data Access AnalogItemType 

 450 

5.3.2.4 AnalogUnitType 451 

This VariableType requires the EngineeringUnits Property. The AnalogUnitType derives from 452 
the BaseAnalogType. It is formally defined in Table 4. 453 

Table 4 – AnalogUnitType definition 454 

Attribute Value 
BrowseName AnalogUnitType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Number 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the BaseAnalogType defined in 5.3.2.2; i.e. the Properties of that type are inherited. 
HasProperty Variable EngineeringUnits EUInformation PropertyType Mandatory 
Conformance Units 
Data Access AnalogUnitType 

 455 
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5.3.2.5 AnalogUnitRangeType 456 

The AnalogUnitRangeType derives from the AnalogItemType and additionally requires the 457 
EngineeringUnits Property. It is formally defined in Table 5. 458 

Table 5 – AnalogUnitRangeType definition 459 

Attribute Value 
BrowseName AnalogUnitRangeType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Number 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the AnalogItemType defined in 5.3.2.3; i.e. the Properties of that type are inherited. 
HasProperty Variable EngineeringUnits EUInformation PropertyType Mandatory 
Conformance Units 
Data Access AnalogUnitRangeType 

 460 

5.3.3 DiscreteItemType 461 

5.3.3.1 General 462 

This VariableType is an abstract type. That is, no instances of this type can exist. However, it 463 
might be used in a filter when browsing or querying. The DiscreteItemType derives from the 464 
DataItemType and therefore shares all of its characteristics. It is formally defined in Table 6. 465 

Table 6 – DiscreteItemType definition 466 

Attribute Value 
BrowseName DiscreteItemType 
IsAbstract True 
ValueRank −2 (−2 = ‘Any’) 
DataType BaseDataType 
References NodeClass BrowseName DataType TypeDefinition ModellingRule 
Subtype of the DataItemType defined in 5.2; i.e. the Properties of that type are inherited. 
HasSubtype VariableType TwoStateDiscreteType Defined in 5.3.3.2 
HasSubtype VariableType MultiStateDiscreteType Defined in 5.3.3.3 
HasSubtype VariableType MultiStateValueDiscreteType Defined in 5.3.3.4 
Conformance Units 
Data Access DiscreteItemType 

 467 

5.3.3.2 TwoStateDiscreteType 468 

This VariableType defines the general characteristics of a DiscreteItem that can have two 469 
states. The TwoStateDiscreteType derives from the DiscreteItemType. It is formally defined in 470 
Table 7. 471 

Table 7 – TwoStateDiscreteType definition 472 

Attribute Value 
BrowseName TwoStateDiscreteType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Boolean 
References NodeClass BrowseName DataType TypeDefinition ModellingRule 
Subtype of the DiscreteItemType defined in 5.3.3; i.e. the Properties of that type are inherited. 
HasProperty Variable TrueState LocalizedText PropertyType Mandatory 
HasProperty Variable FalseState LocalizedText PropertyType Mandatory 
Conformance Units 
Data Access TwoState 

 473 

TrueState contains a string to be associated with this DataItem when it is TRUE. This is typically 474 
used for a contact when it is in the closed (non-zero) state. 475 

 for example: "RUN", "CLOSE", "ENABLE", "SAFE", etc. 476 
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FalseState contains a string to be associated with this DataItem when it is FALSE. This is 477 
typically used for a contact when it is in the open (zero) state. 478 

 for example: "STOP", "OPEN", "DISABLE", "UNSAFE", etc. 479 

If the item contains an array, then the Properties will apply to all elements in the array. 480 

The StatusCode SemanticsChanged bit shall be set if any of the FalseState or TrueState 481 
Properties are changed (see 5.2 for additional information). 482 

5.3.3.3 MultiStateDiscreteType 483 

This VariableType defines the general characteristics of a DiscreteItem that can have more than 484 
two states. The MultiStateDiscreteType derives from the DiscreteItemType. It is formally 485 
defined in Table 8. 486 

Table 8 – MultiStateDiscreteType definition 487 

Attribute Value 
BrowseName MultiStateDiscreteType 
IsAbstract False 
ValueRank −2 (−2 = ‘Any’) 
DataType UInteger 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the DiscreteItemType defined in 5.3.3; i.e. the Properties of that type are inherited. 
HasProperty Variable EnumStrings LocalizedText[] PropertyType Mandatory 
Conformance Units 
Data Access MultiState 

 488 

EnumStrings is a string lookup table corresponding to sequential numeric values (0, 1, 2, etc.) 489 

Example: 490 

 "OPEN" 491 

 "CLOSE" 492 

 "IN TRANSIT" etc. 493 

Here the string "OPEN" corresponds to 0, "CLOSE" to 1 and "IN TRANSIT" to 2. 494 

Clients should be prepared to handle item values outside of the range of the list; and robust 495 
servers should be prepared to handle writes of illegal values, by providing errorcode 496 
“Bad_OutOfRange”. 497 

If the item contains an array then this lookup table shall apply to all elements in the array. 498 

NOTE The EnumStrings property is also used for Enumeration DataTypes (for the specification of this DataType, 499 
see IEC 62541-3). 500 

The StatusCode SemanticsChanged bit shall be set if the EnumStrings Property is changed 501 
(see 5.2 for additional information). 502 

5.3.3.4 MultiStateValueDiscreteType 503 

This VariableType defines the general characteristics of a DiscreteItem that can have more than 504 
two states and where the state values (the enumeration) do not consist of consecutive numeric 505 
values (may have gaps) or where the enumeration is not zero-based. The 506 
MultiStateValueDiscreteType derives from the DiscreteItemType. It is formally defined in Table 507 
9. 508 
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Table 9 – MultiStateValueDiscreteType definition 509 

Attribute Value 
BrowseName MultiStateValueDiscreteType 
IsAbstract False 
ValueRank −2  (−2 = ‘Any’) 
DataType Number 
References NodeClass BrowseName  DataType 

TypeDefinition 
ModellingRule 

Subtype of the DiscreteItemType defined in 5.3.3; i.e. the Properties of that type are inherited. 
HasProperty Variable EnumValues EnumValueType[] 

PropertyType 
Mandatory 

HasProperty Variable ValueAsText LocalizedText 
PropertyType 

Mandatory 

Conformance Units 
Data Access MultiStateValueDiscrete 

 510 

EnumValues is an array of EnumValueType. Each entry of the array represents one 511 
enumeration value with its integer notation, a human-readable representation, and help 512 
information. This represents enumerations with integers that are not zero-based or have gaps 513 
(e.g. 1, 2, 4, 8, 16). See IEC 62541-3 for the definition of this type. MultiStateValueDiscrete 514 
Variables expose the current integer notation in their Value Attribute. Clients will often read the 515 
EnumValues Property in advance and cache it to lookup a name or help whenever they receive 516 
the numeric representation. 517 

Only DataTypes that can be represented with EnumValues are allowed for Variables of 518 
MultiStateValueDiscreteType. These are Integers up to 64 Bits (signed and unsigned). 519 

The numeric representation of the current enumeration value is provided via the Value Attribute 520 
of the MultiStateValueDiscrete Variable. The ValueAsText Property provides the localized text 521 
representation of the enumeration value. It can be used by Clients only interested in displaying 522 
the text to subscribe to the Property instead of the Value Attribute. 523 

The StatusCode SemanticsChanged bit shall be set if the EnumValues Property value is 524 
changed (see clause 5.2 for additional information). 525 

5.3.4 ArrayItemType 526 

5.3.4.1 General 527 

This abstract VariableType defines the general characteristics of an ArrayItem. Values are 528 
exposed in an array but the content of the array represents a single entity like an image. Other 529 
DataItems might contain arrays that represent for example several values of several 530 
temperature sensors of a boiler. 531 

ArrayItemType or its subtype shall only be used when the Title and AxisScaleType Properties 532 
can be filled with reasonable values. If this is not the case DataItemType and subtypes like 533 
AnalogItemType, which also support arrays, shall be used. The ArrayItemType is formally 534 
defined in Table 10. 535 
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Table 10 – ArrayItemType definition 536 

Attribute Value 
BrowseName ArrayItemType 
IsAbstract True 
ValueRank 0 (0 = OneOrMoreDimensions) 
DataType BaseDataType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the DataItemType defined in 5.3.1; i.e. the Properties of that type are inherited. 
HasSubtype VariableType YArrayItemType Defined in 5.3.4.2 
HasSubtype VariableType XYArrayItemType Defined in 5.3.4.3 
HasSubtype VariableType ImageItemType Defined in 5.3.4.4 
HasSubtype VariableType CubeItemType Defined in 5.3.4.5 
HasSubtype VariableType NDimensionArrayIt

emType 
Defined in 5.3.4.6 

HasProperty Variable InstrumentRange Range PropertyType Optional 
HasProperty Variable EURange Range PropertyType Mandatory 
HasProperty Variable EngineeringUnits EUInformation PropertyType Mandatory 
HasProperty Variable Title LocalizedText PropertyType Mandatory 
HasProperty Variable AxisScaleType AxisScaleEnumeration PropertyType Mandatory 
Conformance Units 
Data Access ArrayItem2Type 

 537 

InstrumentRange defines the range of the Value of the ArrayItem. 538 

EURange defines the value range of the ArrayItem likely to be obtained in normal operation. It 539 
is intended for such use as automatically scaling a bar graph display. 540 

EngineeringUnits holds the information about the engineering units of the Value of the 541 
ArrayItem. 542 

For additional information about InstrumentRange, EURange, and EngineeringUnits see the 543 
description of BaseAnalogType in 5.3.2.2. 544 

Title holds the user readable title of the Value of the ArrayItem. 545 

AxisScaleType defines the scale to be used for the axis where the Value of the ArrayItem shall 546 
be displayed. 547 

The StatusCode SemanticsChanged bit shall be set if any of the InstrumentRange, EURange, 548 
EngineeringUnits or Title Properties are changed (see 5.2 for additional information). 549 

5.3.4.2 YArrayItemType 550 

YArrayItemType represents a single-dimensional array of numerical values used to represent 551 
spectra or distributions where the x axis intervals are constant. YArrayItemType is formally 552 
defined in Table 11. 553 

Table 11 – YArrayItemType definition 554 

Attribute Value 
BrowseName YArrayItemType 
IsAbstract False 
ValueRank 1 
DataType BaseDataType 
ArrayDimensions {0} (0 = UnknownSize) 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the ArrayItemType defined in 5.3.4.1 
      
HasProperty Variable XAxisDefinition AxisInformation PropertyType Mandatory 
Conformance Units 
Data Access YArrayItemType 

 555 
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The Value of the YArrayItem contains the numerical values for the Y-Axis. Engineering Units 556 
and Range for the Value are defined by corresponding Properties inherited from the 557 
ArrayItemType. 558 

The DataType of this VariableType is restricted to SByte, Int16, Int32, Int64, Float, Double, 559 
ComplexNumberType and DoubleComplexNumberType. 560 

The XAxisDefinition Property holds the information about the Engineering Units and Range for 561 
the X-Axis. 562 

The StatusCode SemanticsChanged bit shall be set if any of the following five Properties are 563 
changed: InstrumentRange, EURange, EngineeringUnits, Title or XAxisDefinition (see 5.2 for 564 
additional information). 565 

Figure 3 shows an example of how Attributes and Properties may be used in a graphical 566 
interface.  567 

 568 

Figure 3 – Graphical view of a YArrayItem 569 

Table 12 describes the values of each element presented in Figure 3. 570 

Table 12 – YArrayItem item description 571 

Attribute / Property Item value 

Description Magnitude Response (dB) 

axisScaleType AxisScaleEnumeration.LINEAR 

InstrumentRange.low -90 
InstrumentRange.high 5 

EURange.low -90 

EURange.high 2 

EngineeringUnits.namespaceUrl http://www.opcfoundation.org/UA/units/un/cefact 

EngineeringUnits.unitId 12878 

EngineeringUnits.displayName “en-us”, “dB” 
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Attribute / Property Item value 

EngineeringUnits.description “en-us”, “decibel” 

Title Magnitude 

XAxisDefinition.EngineeringUnits.namespaceUrl http://www.opcfoundation.org/UA/units/un/cefact 

XAxisDefinition.EngineeringUnits.unitId 4933722 

XAxisDefinition.EngineeringUnits.displayName “en-us”, “kHz” 

XAxisDefinition.EngineeringUnits.description “en-us”, “kilohertz” 

XAxisDefinition.Range.low 0 

XAxisDefinition.Range.high 25 

XAxisDefinition.title “en-us”, “Frequency” 

XAxisDefinition.axisScaleType AxisScaleEnumeration.LINEAR 

XAxisDefinition.axisSteps null 
 572 

Interpretation notes: 573 

• Not all elements of this table are used in the graphic. 574 

• The X axis is displayed in reverse order, however, the XAxisDefinition.Range.low shall be lower than 575 
XAxisDefinition.Range.high. It is only a graphical representation that reverses the display order. 576 

• There is a constant X axis 577 

5.3.4.3 XYArrayItemType 578 

XYArrayItemType represents a vector of XVType values like a list of peaks, where XVType.x is 579 
the position of the peak and XVType.value is its intensity. XYArrayItemType is formally defined 580 
in Table 13. 581 

Table 13 – XYArrayItemType definition 582 

Attribute Value 
BrowseName XYArrayItemType 
IsAbstract False 
ValueRank 1 
DataType XVType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the ArrayItemType defined in 5.3.4.1 
      
HasProperty Variable XAxisDefinition AxisInformation PropertyType Mandatory 
Conformance Units 
Data Access XYArrayItemType 

 583 

The Value of the XYArrayItem contains an array of structures (XVType) where each structure 584 
specifies the position for the X-Axis (XVType.x) and the value itself (XVType.value), used for 585 
the Y-Axis. Engineering units and range for the Value are defined by corresponding Properties 586 
inherited from the ArrayItemType. 587 

XAxisDefinition Property holds the information about the Engineering Units and Range for the 588 
X-Axis. 589 

The axisSteps of XAxisDefinition shall be set to NULL because it is not used. 590 

The StatusCode SemanticsChanged bit shall be set if any of the InstrumentRange, EURange, 591 
EngineeringUnits, Title or XAxisDefinition Properties are changed (see 5.2 for additional 592 
information). 593 

5.3.4.4 ImageItemType 594 

ImageItemType defines the general characteristics of an ImageItem which represents a matrix 595 
of values like an image, where the pixel position is given by X which is the column and Y the 596 
row. The value is the pixel intensity. 597 

ImageItemType is formally defined in Table 14. 598 
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Table 14 – ImageItemType definition 599 

Attribute Value 
BrowseName ImageItemType 
IsAbstract False 
ValueRank 2 (2 = two dimensional array) 
DataType BaseDataType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the ArrayItemType defined in 5.3.4.1 
      
HasProperty Variable XAxisDefinition AxisInformation PropertyType Mandatory 
HasProperty Variable YAxisDefinition AxisInformation PropertyType Mandatory 
Conformance Units 
Data Access ImageItemType 

 600 

Engineering units and range for the Value are defined by corresponding Properties inherited 601 
from the ArrayItemType. 602 

The DataType of this VariableType is restricted to SByte, Int16, Int32, Int64, Float, Double, 603 
ComplexNumberType and DoubleComplexNumberType. 604 

The ArrayDimensions Attribute for Variables of this type or subtypes shall use the first entry in 605 
the array ([0]) to define the number of columns and the second entry ([1]) to define the number 606 
of rows, assuming the size of the matrix is not dynamic. 607 

XAxisDefinition Property holds the information about the engineering units and range for the X-608 
Axis. 609 

YAxisDefinition Property holds the information about the engineering units and range for the Y-610 
Axis. 611 

The StatusCode.SemanticsChanged bit shall be set if any of the InstrumentRange, EURange, 612 
EngineeringUnits, Title, XAxisDefinition or YAxisDefinition Properties are changed. 613 

5.3.4.5 CubeItemType 614 

CubeItemType represents a cube of values like a spatial particle distribution, where the particle 615 
position is given by X which is the column, Y the row and Z the depth. In the example of a 616 
spatial partical distribution, the value is the particle size. CubeItemType is formally defined in 617 
Table 15. 618 

Table 15 – CubeItemType definition 619 

Attribute Value 
BrowseName CubeItemType 
IsAbstract False 
ValueRank 3 (3 = three dimensional array) 
DataType BaseDataType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the ArrayItemType defined in 5.3.4.1 
      
HasProperty Variable XAxisDefinition AxisInformation PropertyType Mandatory 
HasProperty Variable YAxisDefinition AxisInformation PropertyType Mandatory 
HasProperty Variable ZAxisDefinition AxisInformation PropertyType Mandatory 
Conformance Units 
Data Access CubeItemType 

 620 

Engineering units and range for the Value are defined by corresponding Properties inherited 621 
from the ArrayItemType. 622 

The DataType of this VariableType is restricted to SByte, Int16, Int32, Int64, Float, Double, 623 
ComplexNumberType and DoubleComplexNumberType. 624 

The ArrayDimensions Attribute for Variables of this type or subtypes should use the first entry 625 
in the array ([0]) to define the number of columns, the second entry ([1]) to define the number 626 
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of rows, and the third entry ([2]) define the number of steps in the Z axis, assuming the size of 627 
the matrix is not dynamic. 628 

XAxisDefinition Property holds the information about the engineering units and range for the X-629 
Axis. 630 

YAxisDefinition Property holds the information about the engineering units and range for the Y-631 
Axis. 632 

ZAxisDefinition Property holds the information about the engineering units and range for the Z-633 
Axis. 634 

The StatusCode SemanticsChanged bit shall be set if any of the InstrumentRange, EURange, 635 
EngineeringUnits, Title, XAxisDefinition, YAxisDefinition or ZAxisDefinition Properties are 636 
changed (see 5.2 for additional information). 637 

5.3.4.6 NDimensionArrayItemType 638 

This VariableType defines a generic multi-dimensional ArrayItem. 639 

This approach minimizes the number of types however it may be proved more difficult to utilize 640 
for control system interactions. 641 

NDimensionArrayItemType is formally defined in Table 16. 642 

Table 16 – NDimensionArrayItemType definition 643 

Attribute Value 
BrowseName NDimensionArrayItemType 
IsAbstract False 
ValueRank 0 (0 = OneOrMoreDimensions) 
DataType BaseDataType 
References NodeClass BrowseName  DataType TypeDefinition ModellingRule 
Subtype of the ArrayItemType defined in 5.3.4.1 
      
HasProperty Variable AxisDefinition AxisInformation [] PropertyType Mandatory 
Conformance Units 
Data Access NDimensionArrayItemType 

 644 

The DataType of this VariableType is restricted to SByte, Int16, Int32, Int64, Float, Double, 645 
ComplexNumberType and DoubleComplexNumberType. 646 

AxisDefinition Property holds the information about the EngineeringUnits and Range for all axis. 647 

The StatusCode SemanticsChanged bit shall be set if any of the InstrumentRange, EURange, 648 
EngineeringUnits, Title or AxisDefinition Properties are changed (see 5.2 for additional 649 
information). 650 

5.4 Address Space model 651 

DataItems are always defined as data components of other Nodes in the AddressSpace. They 652 
are never defined by themselves. A simple example of a container for DataItems would be a 653 
“Folder Object” but it can be an Object of any other type. 654 

Figure 4 illustrates the basic AddressSpace model of a DataItem, in this case an AnalogItem. 655 
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