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Forewords 

Compared with the previous versions, the following changes have been made: 

Version Changes 

1.0.0 Initial Publication 

  

 

OPC UA is a machine to machine communication technology to transmit characteristics of products (e.g. 
manufacturer name, device type or components) and process data (e.g. temperatures, pressures or feed rates). 
To enable vendor unspecific interoperability the description of product characteristics and process data has to 
be standardized utilizing technical specifications, the OPC UA companion specifications. 

This specification was created by a joint working group of the OPC Foundation and VDMA Working Group Laser 
and Laser Systems for Material Processing. 

 

OPC Foundation 

OPC is the interoperability standard for the secure and reliable exchange of data and information in the industrial 
automation space and in other industries. It is platform independent and ensures the seamless flow of 
information among devices from multiple vendors. The OPC Foundation is responsible for the development and 
maintenance of this standard. 

OPC UA is a platform independent service-oriented architecture that integrates all the functionality of the 
individual OPC Classic specifications into one extensible framework. This multi-layered approach accomplishes 
the original design specification goals of: 

– Platform independence: from an embedded microcontroller to cloud-based infrastructure 

– Secure: encryption, authentication, authorization and auditing 

– Extensible: ability to add new features including transports without affecting existing applications 

– Comprehensive information modelling capabilities: for defining any model from simple to complex 

 

VDMA Working Group Laser and Laser Systems for Material Processing 

The VDMA represents around 3600 German and European companies in the mechanical engineering industry. 
The industry represents innovation, export orientation, medium-sized companies and employs around four 
million people in Europe, more than one million of them in Germany. About 47 companies and research institutes 
collaborate under the roof of the VDMA in the Working Group Laser and Laser Systems. Supplier of components 
with direct reference to the end application, laser manufacturers and system integrators as well as research 
institutes and universities are part of the Working Group. The objective of this Working Group is to support the 
members through a wide spectrum of activities and services such as standardization, statistics, marketing, 
public relations, networking events and representation of interests. 
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1 Scope 

This document was created by a joint working group of the OPC Foundation and the VDMA. It specifies an OPC 
UA Information Model for Laser Systems. Such a system is considered a self-contained unit, including the laser 
source and all required subsystems, such as the control system for the laser source, optics, cooling aggregates 
and others. Hence, one or several laser systems may be a subcomponent of a larger machine. The goal of this 
companion specification is to provide a standardized and extendable interface for the integration of laser 
systems into an OPC UA environment. This interface shall then provide laser system maintainers with easy and 
robust access to information, based on which they can optimize their individual processes and derive additional 
value. One example would be the enabling of fast and target-oriented maintenance measures or the on-demand 
stock part management of service life parts. This is primarily achieved by providing data regarding the laser 
system type, identity, and past and current states/conditions. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, the 
latest edition of the referenced document (including any amendments and errata) applies 

OPC 10000-1, OPC Unified Architecture - Part 1: Overview and Concepts  

http://www.opcfoundation.org/documents/10000-1/ 

OPC 10000-2, OPC Unified Architecture - Part 2: Security Model 

http://www.opcfoundation.org/documents/10000-2/ 

OPC 10000-3, OPC Unified Architecture - Part 3: Address Space Model 

http://www.opcfoundation.org/documents/10000-3/ 

OPC 10000-4, OPC Unified Architecture - Part 4: Services 

http://www.opcfoundation.org/documents/10000-4/ 

OPC 10000-5, OPC Unified Architecture - Part 5: Information Model 

http://www.opcfoundation.org/documents/10000-5/ 

OPC 10000-6, OPC Unified Architecture - Part 6: Mappings 

http://www.opcfoundation.org/documents/10000-6/ 

OPC 10000-7, OPC Unified Architecture - Part 7: Profiles 

http://www.opcfoundation.org/documents/10000-7/ 

OPC 10000-8, OPC Unified Architecture - Part 8: Data Access 

http://www.opcfoundation.org/documents/10000-8/ 

OPC 10000-9, OPC Unified Architecture - Part 9: Alarms and Conditions  

http://www.opcfoundation.org/documents/10000-9/ 

OPC 10000-16, OPC Unified Architecture - Part 16: State Machines 

http://www.opcfoundation.org/documents/10000-16/ 

OPC 10000-100, OPC Unified Architecture - Part 100: Devices 

http://www.opcfoundation.org/documents/10000-100/ 

OPC 10000-200, OPC Unified Architecture - Part 200: Industrial Automation 

http://www.opcfoundation.org/documents/10000-200/ 

http://www.opcfoundation.org/documents/10000-1/
http://www.opcfoundation.org/documents/10000-2/
http://www.opcfoundation.org/documents/10000-3/
http://www.opcfoundation.org/documents/10000-4/
http://www.opcfoundation.org/documents/10000-5/
http://www.opcfoundation.org/documents/10000-6/
http://www.opcfoundation.org/documents/10000-7/
http://www.opcfoundation.org/documents/10000-8/
http://www.opcfoundation.org/documents/10000-9/
http://www.opcfoundation.org/documents/10000-16/
http://www.opcfoundation.org/documents/10000-100/
http://www.opcfoundation.org/documents/10000-200/
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OPC 40501-1, OPC UA for Machine Tools - Monitoring and Job Overview 

http://www.opcfoundation.org/documents/40501-1/ 

OPC 40001-1, OPC UA for Machinery - Part 1: Basic Building Blocks  

http://www.opcfoundation.org/documents/40001-1/ 

 

3 Terms, definitions and conventions 

3.1 Overview 

It is assumed that basic concepts of OPC UA information modelling and OPC 40501-1 and OPC 40001-1 are 
understood in this specification. This specification will use these concepts to describe the OPC UA for Laser 
Systems Information Model. For the purposes of this document, the terms and definitions given in in OPC 10000-
1, OPC 10000-3, OPC 10000-4, OPC 10000-5, OPC 10000-7, OPC 10000-8, OPC 10000-9, OPC 10000-16, 
OPC 10000-100. OPC 40001-1 and OPC 40501-1 as well as the following apply.  

Note that OPC UA terms and terms defined in this specification are italicized in the specification. 

3.2 OPC UA for Laser Systems terms 

3.2.1 
Laser System 
a self-contained system, including the laser source and all required subsystems, such as the control system for 
the laser source, optics, cooling aggregates and others. 

3.2.2 
Recipe 

list of operations that the controller of a laser system performs in sequence 

3.2.3 
Activity Monitoring Data 
Data describing activities that have been performed on a laser system, e.g., a change in a critical parameter 
value. 

3.2.4 
Condition Monitoring Data 
Data used to indicate the condition of a laser system, e.g., temperature values. 

3.2.5 
Consumption Monitoring Data 
Information on the external media consumption being consumed (e.g., power consumption, compressed air, 
cooling water) 

3.3 Abbreviated terms 

CNC Computerized Numerical Control 
ERP Enterprise Resource Planning 
HMI Human Machine Interface 
HTTP Hypertext Transfer Protocol 
IP Internet Protocol 
MES Manufacturing Execution System 
OPC UA Open Platform Communications Unified Architecture 
PLC Programable Logical Controller 
PMS Production Management System 
TCP Transmission Control Protocol 
UML Unified Modelling Language 
URI Uniform Resource Identifier 

http://www.opcfoundation.org/documents/40501-1/
http://www.opcfoundation.org/documents/40001-1/
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VDMA German Mechanical Engineering Industry Association  
(OL: Verband Deutscher Maschinen- und Anlagenbau) 
XML Extensible Markup Language 

3.4 Conventions used in this document 

3.4.1 Conventions for Node descriptions 

3.4.1.1 Node definitions 

Node definitions are specified using tables (see Table 2). 

Attributes are defined by providing the Attribute name and a value, or a description of the value. 

References are defined by providing the ReferenceType name, the BrowseName of the TargetNode and its 
NodeClass. 

– If the TargetNode is a component of the Node being defined in the table the Attributes of the composed 
Node are defined in the same row of the table.  

– The DataType is only specified for Variables; “[<number>]” indicates a single-dimensional array, for multi-
dimensional arrays the expression is repeated for each dimension (e.g. [2][3] for a two-dimensional array). 
For all arrays the ArrayDimensions is set as identified by <number> values. If no <number> is set, the 
corresponding dimension is set to 0, indicating an unknown size. If no number is provided at all the 
ArrayDimensions can be omitted. If no brackets are provided, it identifies a scalar DataType and the 
ValueRank is set to the corresponding value (see OPC 10000-3). In addition, ArrayDimensions is set to null 
or is omitted. If it can be Any or ScalarOrOneDimension, the value is put into “{<value>}”, so either “{Any}” 
or “{ScalarOrOneDimension}” and the ValueRank is set to the corresponding value (see OPC 10000-3) and 
the ArrayDimensions is set to null or is omitted. Examples are given in Table 1. 

Table 1 – Examples of DataTypes 

Notation Data-
Type 

Value-
Rank 

Array-
Dimensions 

Description 

0:Int32 0:Int32 -1 omitted or null A scalar Int32. 

0:Int32[] 0:Int32 1 omitted or {0} Single-dimensional array of Int32 with an unknown size. 

0:Int32[][] 0:Int32 2 omitted or {0,0} Two-dimensional array of Int32 with unknown sizes for 
both dimensions. 

0:Int32[3][] 0:Int32 2 {3,0} Two-dimensional array of Int32 with a size of 3 for the first 
dimension and an unknown size for the second 
dimension. 

0:Int32[5][3] 0:Int32 2 {5,3} Two-dimensional array of Int32 with a size of 5 for the first 
dimension and a size of 3 for the second dimension. 

0:Int32{Any} 0:Int32 -2 omitted or null An Int32 where it is unknown if it is scalar or array with 
any number of dimensions. 

0:Int32{ScalarOrOneDimension} 0:Int32 -3 omitted or null An Int32 where it is either a single-dimensional array or a 
scalar. 

 

– The TypeDefinition is specified for Objects and Variables. 

– The TypeDefinition column specifies a symbolic name for a NodeId, i.e. the specified Node points with a 
HasTypeDefinition Reference to the corresponding Node. 

– The ModellingRule of the referenced component is provided by specifying the symbolic name of the rule in 
the ModellingRule column. In the AddressSpace, the Node shall use a HasModellingRule Reference to 
point to the corresponding ModellingRule Object. 

If the NodeId of a DataType is provided, the symbolic name of the Node representing the DataType shall be 
used. 

Note that if a symbolic name of a different namespace is used, it is prefixed by the NamespaceIndex (see 
3.4.2.2). 

Nodes of all other NodeClasses cannot be defined in the same table; therefore only the used ReferenceType, 
their NodeClass and their BrowseName are specified. A reference to another part of this document points to 
their definition. Table 2 illustrates the table. If no components are provided, the DataType, TypeDefinition and 
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ModellingRule columns may be omitted and only a Comment column is introduced to point to the Node 
definition. 

Each Type Node or well-known Instance Node defined shall have one or more ConformanceUnits defined in 
8.1 that require the Node to be in the AddressSpace.  

The relations between Nodes and ConformanceUnits are defined at the end of the tables defining Nodes, one 
row per ConformanceUnit. The ConformanceUnits are reflected in the Category element for the Node definition 
in the UANodeSet (see OPC 10000-6). 

The list of ConformanceUnits in the UANodeSet allows Servers to optimize resource consumption by using a 
list of supported ConformanceUnits to select a subset of the Nodes in an Information Model.  

When a Node is selected in this way, all dependencies implied by the References are also selected. 

Dependencies exist if the Node is the source of HasTypeDefinition, HasInterface, HasAddIn or any 
HierarchicalReference. Dependencies also exist if the Node is the target of a HasSubtype Reference. For 
Variables and VariableTypes, the value of the DataType Attribute is a dependency. For DataType Nodes, any 
DataTypes referenced in the DataTypeDefinition Attribute are also dependencies. 

For additional details see OPC 10000-5. 

Table 2 – Type Definition Table 

Attribute Value 

Attribute name Attribute value. If it is an optional Attribute that is not set “--” will be used. 

  

References NodeClass BrowseName DataType TypeDefinition Other 

ReferenceType 
name 

NodeClass 
of the target 
Node. 

BrowseName 
of the target 
Node. 

DataType of the 
referenced Node, 
only applicable for 
Variables. 

TypeDefinition of the 
referenced Node, only 
applicable for Variables 
and Objects. 

Additional 
characteristics of the 
TargetNode such as 
the ModellingRule or 
AccessLevel. 

NOTE Notes referencing footnotes of the table content. 

Conformance Units 

Name of ConformanceUnit, one row per ConformanceUnit 

 

Components of Nodes can be complex that is containing components by themselves. The TypeDefinition, 
NodeClass and DataType can be derived from the type definitions, and the symbolic name can be created as 
defined in 3.4.3.1. Therefore, those containing components are not explicitly specified; they are implicitly 
specified by the type definitions. 

The Other column defines additional characteristics of the Node. Examples of characteristics that can appear 
in this column are show in Table 3. 

Table 3 – Examples of Other Characteristics 

Name Short Name Description 

0:Mandatory M The Node has the Mandatory ModellingRule. 

0:Optional O The Node has the Optional ModellingRule. 

0:MandatoryPlaceholder MP The Node has the MandatoryPlaceholder ModellingRule. 

0:OptionalPlaceholder OP The Node has the OptionalPlaceholder ModellingRule. 

ReadOnly RO The Node AccessLevel has the CurrentRead bit set but not the CurrentWrite bit. 

ReadWrite RW The Node AccessLevel has the CurrentRead and CurrentWrite bits set. 

WriteOnly WO The Node AccessLevel has the CurrentWrite bit set but not the CurrentRead bit. 

 

If multiple characteristics are defined they are separated by commas. The name or the short name may be used. 

3.4.1.2 Additional References 

To provide information about additional References, the format as shown in Table 4 is used. 
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Table 4 – <some> Additional References 

SourceBrowsePath Reference Type Is Forward TargetBrowsePath 

SourceBrowsePath is 
always relative to the 
TypeDefinition. Multiple 
elements are defined as 
separate rows of a nested 
table. 

ReferenceType 
name 

True = forward 
Reference 

TargetBrowsePath points to another Node, which can be 
a well-known instance or a TypeDefinition. You can use 
BrowsePaths here as well, which is either relative to the 
TypeDefinition or absolute. 

If absolute, the first entry needs to refer to a type or well-
known instance, uniquely identified within a namespace 
by the BrowseName. 

 

References can be to any other Node. 

3.4.1.3 Additional sub-components 

To provide information about sub-components, the format as shown in Table 5 is used. 

Table 5 – <some>Type Additional Subcomponents 

BrowsePath Reference NodeClass BrowseName DataType TypeDefinition Others 

BrowsePath is always relative to 
the TypeDefinition. Multiple 
elements are defined as 
separate rows of a nested table 

NOTE Same as for Table 2 

 

3.4.1.4 Additional Attribute values 

The type definition table provides columns to specify the values for required Node Attributes for 
InstanceDeclarations. To provide information about additional Attributes, the format as shown in Table 6 is used. 

Table 6 – <some>Type Attribute values for child nodes 

BrowsePath <Attribute name> Attribute 

BrowsePath is always 
relative to the 
TypeDefinition. 
Multiple elements are 
defined as separate 
rows of a nested 
table 

The values of attributes are converted to text by adapting the reversible JSON encoding rules defined in 
OPC 10000-6. 

If the JSON encoding of a value is a JSON string or a JSON number then that value is entered in the 
value field. Double quotes are not included. 

If the DataType includes a NamespaceIndex (QualifiedNames, NodeIds or ExpandedNodeIds) then the 
notation used for BrowseNames is used. 

If the value is an Enumeration the name of the enumeration value is entered. 

If the value is a Structure then a sequence of name and value pairs is entered. Each pair is followed by 
a newline. The name is followed by a colon. The names are the names of the fields in the 
DataTypeDefinition. 

If the value is an array of non-structures then a sequence of values is entered where each value is 
followed by a newline. 

If the value is an array of Structures or a Structure with fields that are arrays or with nested Structures 
then the complete JSON array or JSON object is entered. 

 

There can be multiple columns to define more than one Attribute. 

3.4.2 NodeIds and BrowseNames 

3.4.2.1 NodeIds 

The NodeIds of all Nodes described in this standard are only symbolic names. Annex A defines the actual 
NodeIds. 

The symbolic name of each Node defined in this document is its BrowseName, or, when it is part of another 
Node, the BrowseName of the other Node, a “.”, and the BrowseName of itself. In this case “part of” means that 
the whole has a HasProperty or HasComponent Reference to its part. Since all Nodes not being part of another 
Node have a unique name in this document, the symbolic name is unique. 

The NamespaceUri for all NodeIds defined in this document is defined in Annex A. The NamespaceIndex for 
this NamespaceUri is vendor-specific and depends on the position of the NamespaceUri in the server 
namespace table. 
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Note that this document not only defines concrete Nodes, but also requires that some Nodes shall be generated, 
for example one for each Session running on the Server. The NodeIds of those Nodes are Server-specific, 
including the namespace. But the NamespaceIndex of those Nodes cannot be the NamespaceIndex used for 
the Nodes defined in this document, because they are not defined by this document but generated by the Server. 

3.4.2.2 BrowseNames 

The text part of the BrowseNames for all Nodes defined in this document is specified in the tables defining the 
Nodes. The NamespaceUri for all BrowseNames defined in this document is defined in 9.2. 

For InstanceDeclarations of NodeClass Object and Variable that are placeholders (OptionalPlaceholder and 
MandatoryPlaceholder ModellingRule), the BrowseName and the DisplayName are enclosed in angle brackets 
(<>) as recommended in OPC 10000-3. 

If the BrowseName is not defined by this document, a namespace index prefix is added to the BrowseName 
(e.g., prefix '0' leading to ‘0:EngineeringUnits’ or prefix '2' leading to ‘2:DeviceRevision’). This is typically 
necessary if a Property of another specification is overwritten or used in the OPC UA types defined in this 
document. Table 42 provides a list of namespaces and their indexes as used in this document. 

3.4.3 Common Attributes 

3.4.3.1 General 

The Attributes of Nodes, their DataTypes and descriptions are defined in OPC 10000-3. Attributes not marked 
as optional are mandatory and shall be provided by a Server. The following tables define if the Attribute value 
is defined by this specification or if it is server-specific. 

For all Nodes specified in this specification, the Attributes named in Table 7 shall be set as specified in the table. 

Table 7 – Common Node Attributes 

Attribute Value 

DisplayName The DisplayName is a LocalizedText. Each server shall provide the DisplayName identical to 
the BrowseName of the Node for the LocaleId “en”. Whether the server provides translated 
names for other LocaleIds is server-specific. 

Description Optionally a server-specific description is provided. 

NodeClass Shall reflect the NodeClass of the Node. 

NodeId The NodeId is described by BrowseNames as defined in 3.4.2.1. 

WriteMask Optionally the WriteMask Attribute can be provided. If the WriteMask Attribute is provided, it 
shall set all non-server-specific Attributes to not writable. For example, the Description Attribute 
may be set to writable since a Server may provide a server-specific description for the Node. 
The NodeId shall not be writable, because it is defined for each Node in this specification. 

UserWriteMask Optionally the UserWriteMask Attribute can be provided. The same rules as for the WriteMask 
Attribute apply. 

RolePermissions Optionally server-specific role permissions can be provided. 

UserRolePermissions Optionally the role permissions of the current Session can be provided. The value is server-
specifc and depend on the RolePermissions Attribute (if provided) and the current Session. 

AccessRestrictions Optionally server-specific access restrictions can be provided. 

 

3.4.3.2 Objects 

For all Objects specified in this specification, the Attributes named in Table 8 shall be set as specified in the 
table. The definitions for the Attributes can be found in OPC 10000-3. 

Table 8 – Common Object Attributes 

Attribute Value 

EventNotifier Whether the Node can be used to subscribe to Events or not is server-specific. 

 

3.4.3.3 Variables 

For all Variables specified in this specification, the Attributes named in Table 9 shall be set as specified in the 
table. The definitions for the Attributes can be found in OPC 10000-3. 
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Table 9 – Common Variable Attributes 

Attribute Value 

MinimumSamplingInterval Optionally, a server-specific minimum sampling interval is provided. 

AccessLevel The access level for Variables used for type definitions is server-specific, for all other 
Variables defined in this specification, the access level shall allow reading; other settings are 
server-specific. 

UserAccessLevel The value for the UserAccessLevel Attribute is server-specific. It is assumed that all 
Variables can be accessed by at least one user. 

Value For Variables used as InstanceDeclarations, the value is server-specific; otherwise it shall 
represent the value described in the text. 

ArrayDimensions If the ValueRank does not identify an array of a specific dimension (i.e. ValueRank <= 0) the 
ArrayDimensions can either be set to null or the Attribute is missing. This behaviour is 
server-specific. 

If the ValueRank specifies an array of a specific dimension (i.e. ValueRank > 0) then the 
ArrayDimensions Attribute shall be specified in the table defining the Variable. 

Historizing The value for the Historizing Attribute is server-specific. 

AccessLevelEx If the AccessLevelEx Attribute is provided, it shall have the bits 8, 9, and 10 set to 0, 
meaning that read and write operations on an individual Variable are atomic, and arrays can 
be partly written. 

 

3.4.3.4 VariableTypes 

For all VariableTypes specified in this specification, the Attributes named in Table 10 shall be set as specified 
in the table. The definitions for the Attributes can be found in OPC 10000-3. 

Table 10 – Common VariableType Attributes 

Attributes Value 

Value Optionally a server-specific default value can be provided. 

ArrayDimensions If the ValueRank does not identify an array of a specific dimension (i.e. ValueRank <= 0) the 
ArrayDimensions can either be set to null or the Attribute is missing. This behaviour is server-
specific. 

If the ValueRank specifies an array of a specific dimension (i.e. ValueRank > 0) then the 
ArrayDimensions Attribute shall be specified in the table defining the VariableType. 

3.4.3.5 Methods 

For all Methods specified in this specification, the Attributes named in Table 11 shall be set as specified in the 
table. The definitions for the Attributes can be found in OPC 10000-3. 

Table 11 – Common Method Attributes 

Attributes Value 

Executable All Methods defined in this specification shall be executable (Executable Attribute set to “True”), 
unless it is defined differently in the Method definition. 

UserExecutable The value of the UserExecutable Attribute is server-specific. It is assumed that all Methods can 
be executed by at least one user.  

 

3.4.4 Structures 

OPC 10000-3 differentiates between different kinds of Structures. The following conventions explain, how these 
Structures shall be defined. 

The first kind are Structures without optional fields where none of the fields allows subtype (except fields with 
abstract DataTypes). Its definition is in Table 12. 

Table 12 – Structures without optional fields where none of the fields allow subtypes 

Name Type Description 

<someStructure> structure Subtype of <someParentStructure> defined in … 

 SP1 0:Byte[] Setpoint 1 

 SP2 0:Byte[] Setpoint 2 

 

The second kind are Structures with optional fields where none of the fields allows subtypes (except fields with 
abstract DataTypes). Its definition is in Table 13. 
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Structures with fields that are optional have an “Optional” column. Fields that are optional have True set, 
otherwise False. 

Table 13 – Structures with optional fields 

Name Type Description Optional 

<someStructure> structure Subtype of <someParentStructure> defined in …  

 SP1 0:Byte[] Setpoint 1 False 

 SP2 0:Byte[] Setpoint 2 True 

 

The third kind are Structures without optional fields where one or more of the fields allow subtypes. Its definition 
is in Table 14. 

Structures with fields that allow subtypes have an “Allow Subtypes” column. Fields that allow subtypes have 
True set, otherwise False. Fields with abstract DataTypes can always be subtyped. 

Table 14 – Structures where one or more of the fields allow subtypes 

Name Type Description Allow 
SubTypes 

<someStructure> structure Subtype of <someParentStructure> defined in …  

 SP1 0:Byte[] Setpoint 1 False 

 Allow Subtypes 0:ByteString Some Bytestring  True 
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4 General information to Laser Systems and OPC UA 

4.1 Introduction to Laser Systems 

A laser system consists of the source itself and one or more additional components that are either optional (e.g., 
a pilot laser) or required (e.g. a cooling system, a laser source controller) to operate the source itself. The laser 
may be used for different tasks such as cutting, welding, sintering or melting. These laser systems are often 
integrated into a large CNC or PLC controlled machine, which may already be OPC UA capable or even part of 
a larger OPC UA environment. The primary goal of this first part of the specification is to also incorporate the 
laser systems into OPC UA environments. Consequently, creating a standardized interface for maintainers 
which offers information regarding for example the current state of the laser system or upcoming maintenance 
intervals. 

4.2 Introduction to OPC Unified Architecture 

4.2.1 What is OPC UA? 

OPC UA is an open and royalty free set of standards designed as a universal communication protocol. While 
there are numerous communication solutions available, OPC UA has key advantages: 

– A state of art security model (see OPC 10000-2). 

– A fault tolerant communication protocol. 

– An information modelling framework that allows application developers to represent their data in a way that 
makes sense to them. 

OPC UA has a broad scope which delivers for economies of scale for application developers. This means that 
a larger number of high-quality applications at a reasonable cost are available. When combined with semantic 
models such as OPC 40530-1, OPC UA makes it easier for end users to access data via generic commercial 
applications. 

The OPC UA model is scalable from small devices to ERP systems. OPC UA Servers process information 
locally and then provide that data in a consistent format to any application requesting data - ERP, MES, PMS, 
Maintenance Systems, HMI, Smartphone or a standard Browser, for examples. For a more complete overview 
see OPC 10000-1. 

4.2.2 Basics of OPC UA 

As an open standard, OPC UA is based on standard internet technologies, like TCP/IP, HTTP, Web Sockets. 

As an extensible standard, OPC UA provides a set of Services (see OPC 10000-4) and a basic information 
model framework. This framework provides an easy manner for creating and exposing vendor defined 
information in a standard way. More importantly all OPC UA Clients are expected to be able to discover and 
use vendor-defined information. This means OPC UA users can benefit from the economies of scale that come 
with generic visualization and historian applications. This specification is an example of an OPC UA Information 
Model designed to meet the needs of developers and users. 

OPC UA Clients can be any consumer of data from another device on the network to browser based thin clients 
and ERP systems. The full scope of OPC UA applications is shown in Figure 1. 
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Figure 1 – The Scope of OPC UA within an Enterprise 

OPC UA provides a robust and reliable communication infrastructure having mechanisms for handling lost 
messages, failover, heartbeat, etc. With its binary encoded data, it offers a high-performing data exchange 
solution. Security is built into OPC UA as security requirements become more and more important especially 
since environments are connected to the office network or the internet and attackers are starting to focus on 
automation systems. 

4.2.3 Information modelling in OPC UA 

4.2.3.1 Concepts 

OPC UA provides a framework that can be used to represent complex information as Objects in an 
AddressSpace which can be accessed with standard services. These Objects consist of Nodes connected by 
References. Different classes of Nodes convey different semantics. For example, a Variable Node represents 
a value that can be read or written. The Variable Node has an associated DataType that can define the actual 
value, such as a string, float, structure etc. It can also describe the Variable value as a variant. A Method Node 
represents a function that can be called. Every Node has a number of Attributes including a unique identifier 
called a NodeId and non-localized name called as BrowseName. An Object representing a ‘Reservation’ is 
shown in Figure 2. 
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Figure 2 – A Basic Object in an OPC UA Address Space  

Object and Variable Nodes represent instances and they always reference a TypeDefinition (ObjectType or 
VariableType) Node which describes their semantics and structure. Figure 3 illustrates the relationship between 
an instance and its TypeDefinition. 

The type Nodes are templates that define all of the children that can be present in an instance of the type. In 
the example in Figure 3 the PersonType ObjectType defines two children: First Name and Last Name. All 
instances of PersonType are expected to have the same children with the same BrowseNames. Within a type 
the BrowseNames uniquely identify the children. This means Client applications can be designed to search for 
children based on the BrowseNames from the type instead of NodeIds. This eliminates the need for manual 
reconfiguration of systems if a Client uses types that multiple Servers implement. 

OPC UA also supports the concept of sub-typing. This allows a modeller to take an existing type and extend it. 
There are rules regarding sub-typing defined in OPC 10000-3, but in general they allow the extension of a given 
type or the restriction of a DataType. For example, the modeller may decide that the existing ObjectType in 
some cases needs an additional Variable. The modeller can create a subtype of the ObjectType and add the 
Variable. A Client that is expecting the parent type can treat the new type as if it was of the parent type. 
Regarding DataTypes, subtypes can only restrict. If a Variable is defined to have a numeric value, a sub type 
could restrict it to a float. 
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Figure 3 – The Relationship between Type Definitions and Instances  

References allow Nodes to be connected in ways that describe their relationships. All References have a 
ReferenceType that specifies the semantics of the relationship. References can be hierarchical or non-
hierarchical. Hierarchical references are used to create the structure of Objects and Variables. Non-hierarchical 
are used to create arbitrary associations. Applications can define their own ReferenceType by creating subtypes 
of an existing ReferenceType. Subtypes inherit the semantics of the parent but may add additional restrictions. 
Figure 4 depicts several References, connecting different Objects. 
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Figure 4 – Examples of References between Objects  

The figures above use a notation that was developed for the OPC UA specification. The notation is summarized 
in Figure 5. UML representations can also be used; however, the OPC UA notation is less ambiguous because 
there is a direct mapping from the elements in the figures to Nodes in the AddressSpace of an OPC UA Server. 

Object Variable Method View

<TypeName> <TypeName> <TypeName>

Instances
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Standard 
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VariableTypeObjectType DataType ReferenceType

Symmetric
Reference

Asymmetric
Reference

Hierarchical 
Reference
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HasProperty

HasTypeDefinition

HasSubtype Has
Interface

 

Figure 5 – The OPC UA Information Model Notation 
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A complete description of the different types of Nodes and References can be found in OPC 10000-3 and the 
base structure is described in OPC 10000-5. 

OPC UA specification defines a very wide range of functionality in its basic information model. It is not required 
that all Clients or Servers support all functionality in the OPC UA specifications. OPC UA includes the concept 
of Profiles, which segment the functionality into testable certifiable units. This allows the definition of functional 
subsets (that are expected to be implemented) within a companion specification. The Profiles do not restrict 
functionality, but generate requirements for a minimum set of functionality (see OPC 10000-7) 

4.2.3.2 Namespaces 

OPC UA allows information from many different sources to be combined into a single coherent AddressSpace. 
Namespaces are used to make this possible by eliminating naming and id conflicts between information from 
different sources. Each namespace in OPC UA has a globally unique string called a NamespaceUri which 
identifies a naming authority and a locally unique integer called a NamespaceIndex, which is an index into the 
Server's table of NamespaceUris. The NamespaceIndex is unique only within the context of a Session between 
an OPC UA Client and an OPC UA Server- the NamespaceIndex can change between Sessions and still identify 
the same item even though the NamespaceUri's location in the table has changed. The Services defined for 
OPC UA use the NamespaceIndex to specify the Namespace for qualified values. 

There are two types of structured values in OPC UA that are qualified with NamespaceIndexes: NodeIds and 
QualifiedNames. NodeIds are locally unique (and sometimes globally unique) identifiers for Nodes. The same 
globally unique NodeId can be used as the identifier in a node in many Servers – the node's instance data may 
vary but its semantic meaning is the same regardless of the Server it appears in. This means Clients can have 
built-in knowledge of of what the data means in these Nodes. OPC UA Information Models generally define 
globally unique NodeIds for the TypeDefinitions defined by the Information Model. 

QualifiedNames are non-localized names qualified with a Namespace. They are used for the BrowseNames of 
Nodes and allow the same names to be used by different information models without conflict. TypeDefinitions 
are not allowed to have children with duplicate BrowseNames; however, instances do not have that restriction. 

4.2.3.3 Companion Specifications 

An OPC UA companion specification for an industry specific vertical market describes an Information Model by 
defining ObjectTypes, VariableTypes, DataTypes and ReferenceTypes that represent the concepts used in the 
vertical market, and potentially also well-defined Objects as entry points into the AddressSpace. 
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5 Use cases 

5.1 Laser System Running or Not Running 

A maintainer is responsible for managing multiple laser systems in a machine or a machine plant. Using the 
OPC UA Laser Systems interface, the maintainer can see at a glance which laser system is running, not running 
or is in a fault condition. If the laser system is in a fault condition or not running, one can easily identify the 
reason, so that in the event of an unscheduled loss of production, quick action can be taken. In addition, the 
maintainer can use the parameters offered on the interface to make statements about the availability and non-
availability of a laser system (see chapter 7.2.2). 

5.2 Errors and Warnings 

Using the OPC UA Laser Systems interface, a maintainer can quickly identify warnings and errors present on 
the laser system. With the help of these, error statistics may be generated, which can be used to identify error 
causes. Furthermore, the early recognition and remedying of warning causes can prevent time-consuming and 
cost-intensive error states (see chapter 7.3). 

5.3 Information about the Next Maintenance 

The OPC UA Laser Systems interface can be used to display a forecast of the next manual interventions to be 
performed on the laser system. With the help of this predictive information about the next pending maintenance 
intervention, the maintainer and his colleagues can optimize and plan their next activities on the laser systems. 
Consequently, time and money may be saved as down- and lead times can be taken into consideration (see 
chapter 7.3.1 and 7.3.2). 

5.4 Uniform Identification of Laser Systems 

The OPC UA Laser Systems interface provides a digital nameplate for the laser system, displaying basic and 
static information. Laser systems from different manufacturers can thus be identified and maintained in a uniform 
manner (see chapter 7.1). 

5.5 Recipe Settings and Overview 

Recipe settings serve to standardize the usage of a laser system. The OPC UA interface gives access to these 
by listing all available recipes for a given system and offering further specifics of the recipe. This enables the 
user to see which recipe options are available for the laser system. The user utilizes this information to keep 
the laser system updated and ready for its intended usage.  

Furthermore, the user can check the validity of parameters and system limits for specific recipes. Information 
about the recipe version supports the user in planning updates. The information about the recipe settings also 
provides possible solutions to error causes (see chapter 7.4.2). 

5.6 Activity Logging Information 

The OPC UA Laser Systems interface provides high-level logging of the activities performed on the laser 
system. Thus, the user can track configuration changes, which is helpful in identifying possible error causes. 
Configurations, however, cannot be changed by the user via the interface (see chapter 7.2.5). 

5.7 Condition Data Monitoring 

The OPA UA laser system interface provides data (e.g., current temperature or power consumption) in a 
standardized manner, which can be used for system condition monitoring. The individually chosen data may, 
for example, be used to analyze correlations between different variables from different sources. The interface 
provides the raw information and does not analyze the data. Aside from combining the parameters for condition 
monitoring and predictive long-term analysis, a maintainer can make use of these parameters by identifying 
which parameters are outside of their normal working range (see chapter 7.2.6). 
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5.8 Consumption Data 

The OPC UA Laser Systems interface provides details on the external media consumption data (e.g., power 
consumption, compressed air, cooling water). The user can quickly identify which consumables the laser system 
is equipped with and take measures where appropriate (see chapter 7.2.7). 
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6 Laser Systems Information Model overview 

This section introduces the "OPC UA Information Model for Laser Systems“.  

The structure of the model is inspired by the OPC 40501-1 Information Model for Machine Tools. An instance 
representation can be seen in Figure 6. Each instance of the LaserSystemType is representative of an individual 
laser system. All information regarding this one laser system is topically structured in five objects: 

The first object is of the MachineryComponentIdentificationType and is used to identify the individual laser 
system. 

The second object is the folder with all of the used MachineryBuildingBlocks which are used in the entire model. 
Its presence is required by the OPC 40001-1, in order to easily identify these blocks in different servers. 

The third object is of the LaserSystemMonitoringType (see chapter 7.2), it structures all status and monitoring 
information of an individual laser system.  

The fourth object is of the LaserSystemProductionType (see chapter 7.4) it aggregates production related 
information. 

The fifth object is used to structure information regarding errors, warnings and notifications, it is also used to 
indicate to be executed maintenance activities (see chapter 7.3). 
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Figure 6 – Instance Example for the OPC UA information model for Laser System 
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7 OPC UA ObjectTypes 

7.1 LaserSystem ObjectType Definition 

The LaserSystemType defines the top level OPC UA Object for a laser system. Each instance is representative 
of one laser system and thus aggregates all information relevant to the individual system. It is modelled similarly 
to the MachineToolType in OPC 40501-1. 

The LaserSystemType is formally defined in Table 15. 

Table 15 – LaserSystemType Definition 

Attribute Value 

BrowseName LaserSystemType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 0:BaseObjectType defined in OPC 10000-5 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasAddIn Object 2:Identification  3:MachineryComponentIdentificationType M 

0:HasComponent Object 3:MachineryBuilding
Blocks 

 0:FolderType M 

0:HasComponent Object 4:Monitoring  LaserSystemMonitoringType   M 

0:HasComponent Object 4:Notification  4:NotificationType M 

0:HasComponent Object 4:Production  LaserSystemProductionType M 

Conformance Units 

LaserSystems LaserSystemType Basic 

 

2:Identification (see Table 16), Monitoring (see chapter 7.2), 4:Notification (see chapter 7.3) and Production 
(see chapter 7.4) are instances of the respective types. They are used to structure the information in the 
LaserSystemType topically. 

 

The components of the LaserSystemType have additional references which are defined in Table 16. 

Table 16 – LaserSystemType Additional References 

SourceBrowsePath Reference Type Is Forward TargetBrowsePath 

3:MachineryBuildingBlocks 0:HasAddIn True Monitoring 

LaserSystemStatus 

3:MachineryItemState 
 

3:MachineryBuildingBlocks 0:HasAddIn True Monitoring 

LaserSystemStatus 

3:MachineryOperationMode 
 

3:MachineryBuildingBlocks 0:HasAddIn True Monitoring 

LaserSystemStatus 

2:OperationCounters 
 

3:MachineryBuildingBlocks 0:HasAddIn True 2:Identification 
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7.2 Monitoring 

7.2.1 LaserSystemMonitoring ObjectType Definition 

The LaserSystemMonitoringType is used to aggregate all monitoring data related to a laser system. It is 
modelled similarly to the MonitoringType in OPC 40501-1: Machine Tools. 

The LaserSystemMonitoringType is formally defined in Table 17. 

Table 17 – LaserSystemMonitoringType Definition 

Attribute Value 

BrowseName LaserSystemMonitoringType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 0:BaseObjectType defined in OPC 10000-5 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasComponent Object Stacklight  5:BasicStacklightType O 

0:HasComponent Object LaserSystemStatus  LaserSystemStatusType M 

0:HasComponent Object ActivityData  0:OrderedListType O 

0:HasComponent Object ConditionData  0:FolderType O 

0:HasComponent Object ConsumptionData  0:FolderType O 

Conformance Units 

LaserSystems LaserSystemMonitoringType Basic 

 

Stacklight contains the information about a stacklight’s composition and status. It is an object of 
5:BasicStacklightType, defined in OPC 10000-200 Industrial Automation. If the machine tool has a stacklight 
available, the Stacklight shall be present. 

LaserSystemStatus (see chapter 7.2.2), ActivityData (see chapter 7.2.5), ConditionData (see chapter 7.2.6) and 
ConsumptionData (see chapter 7.2.7) are instances of the respective types. They are used to structure the 
information in the LaserSystemMonitoringType topically. 

The components of the LaserSystemMonitoringType have additional subcomponents which are defined in Table 
18. 

Table 18 – LaserSystemMonitoringType Additional Subcomponents 

Source Path Reference NodeClass BrowseName DataType TypeDefinition Others 

ActivityData 0:HasOrderedComponent Object <ActivityData>  ActivityDataMonitoring
Type 

OP 

ConditionData 0:HasComponent Object <ConditionDat
a> 

 ConditionDataMonitori
ngType 

OP 

ConsumptionData 0:HasComponent Object <Consumption
Data> 

 ConsumptionDataMon
itoringType 

OP 

 

7.2.2 LaserSystemStatus ObjectType Definition 

The primary purpose of the LaserSystemState is to provide an interface from which one can quickly determine 
what state the laser system is in, to make statements about the availability of the system. This is done via a 
laser system specific state machine of the LaserSystemState_StateMachineType and an OperationCounters. 
To increase the interoperability of this LaserSystemState interface, to for example existing MES, existing status 
and operation mode state machines as well as monitoring types as defined in OPC 40001-1: Machinery Basic 
Building Blocks and OPC 40501-1: Machine Tools are also included.  

The LaserSystemStatusType is formally defined in in Table 19. 
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Table 19 – LaserSystemStatusType Definition 

Attribute Value 

BrowseName LaserSystemStatusType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 0:BaseObjectType defined in OPC 10000-5 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasComponent Object LaserSystemState  LaserSystemState_StateMachineType M 

0:HasComponent Object MachineToolsLaserStatus  4:LaserMonitoringType M 

0:HasAddIn Object 3:MachineryItemState  3:MachineryItemState_StateMachineTyp
e 

M 

0:HasAddIn Object 3:MachineryOperationMode  3:MachineryOperationModeStateMachin
eType 

M 

0:HasAddIn Object 2:OperationCounters  LaserSystemOperationCounterType M 

Conformance Units 

LaserSystems LaserSystemStatusType Basic 

 

 

LaserSystemState (see chapter 7.2.4), MachineToolsLaserStatus, 3:MachineryItemState, 
3:MachineryOperationMode and 2:OperationCounters (see chapter 7.2.3) are instances of the respective types. 

The states for the 3:MachineryItemState and the 3:MachineryOperationMode as well as the variable values for 
the MachineToolsLaserStatus are to be derived via Table 20. The mapping is only to be used unidirectionally 
from the LaserSystemState state to the other states or variables. 

 

Table 20 – LaserSystemState_StateMachineType Mapping Definition 

LaserSystemState_State
Machine 

MachineToolsLase
rStatus : 
LaserState 

MachineToolsLase
rStatus : 
ControllerIsOn 

 

MachineryItemState
Machine 

MachineryOperationModeSta

teMachine 

 

Off Undefined False NotAvailable None 

EnergySaving Undefined True NotAvailable Setup 

Idle Undefined True NotExecuting Setup 

SetUp Undefined True NotExecuting Setup 

LaserReady Ready True Executing Processing 

Maintenance Undefined True Executing Maintenance 

Error Error True OutOfServiceSate None 

LaserOn Active True Executing Processing 

 

7.2.3 LaserSystemOperationCounter ObjectType Definition 

The LaserSystemOperationCounterType gives an overview of how long the system has been in use. 

The LaserSystemOperationCounterType is formally defined in Table 21. 
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Table 21 – LaserSystemOperationCounterType Definition 

Attribute Value 

BrowseName LaserSystemOperationCounterType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 3:MachineryOperationCounterType defined in OPC 40001-1 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasProperty Variable 2:PowerOnDuration 0:Duration 0:PropertyType M, RO 

0:HasProperty Variable 2:OperationDuration 0:Duration 0:PropertyType M, RO 

0:HasProperty Variable 0:DefaultInstanceBrowseName 0:QualifiedName 0:PropertyType  

0:HasInterface ObjectType 2:IOperationCounterType    

Conformance Units 

LaserSystems LaserSystemOperationCounterType Basic 

3:Machinery Operation Counter 

 

The mandatory 2:PowerOnDuration is the duration the laser system has been powered on. It shall be used as 
defined by OPC 10000-100. 

The mandatory 2:OperationDuration is the duration in which the laser system has actively emitted radiation, 
This, for example, is not the case if radiation is only caused by a trickle current. 

Note: Incrementing the above two variables in a minute interval is deemed sufficient. 

Note: The definition for the above two variable is intentionally vague and may differ from manufacturer to 
manufacturer. 

7.2.4 LaserSystemState_StateMachine ObjectType Definition 

Instances of the LaserSystemState_StateMachine are used to quickly indicate the current state of a laser 
system. This is done using a FiniteStateMachine as defined in OPC 10000-16. The chosen states (see Figure 
7) are generalized and not manufacturer specific, to allow a wide variety of laser systems to be represented by 
this state machine. Furthermore, manufacturers can extend this state machine by further substates. Since the 
intention of this specification is not to restrict the transitions between the states, the state machine defines 
transitions between all states. Instances might restrict the usage of the defined states and transitions. An 
overview of the state machine is given in Figure 7, this is complimented by model overview in Figure 8 and the 
LaserSystemState_StateMachine is formally defined in Table 22. 

 

Off

EnergySaving

Idle

SetUp

LaserReady

Maintenance

Error

LaserOn

 

Figure 7 – LaserSystemState_StateMachine general overview 
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Defined in this specification

Defined OPC 10000-16

0:StateMachineType 0:StateType

0:TransitionType

0:FiniteStateMachineType

0:CurrentState

LaserSystemState_StateMachineType

0:StateType

LaserReady

0:StateType

Maintenance

0:StateType

Error

0:StateType

LaserOn

0:StateType

Off

0:StateType

EnergySaving

0:StateType

Idle

0:StateType

SetUp

FromState

ToState

0:TransitionType

FromLaserReadyToError

.....

 

Figure 8 – LaserSystemState_StateMachine model overview 

Figure 8 depicts how the LaserSystemState_StateMachineType is derived from the FiniteStateMachineType as 
defined in OPC 10000-16. 

 

Table 22 – LaserSystemState_StateMachineType Definition 

Attribute Value 

BrowseName LaserSystemState_StateMachineType 

IsAbstract False 

References Node 
Class 

BrowseName DataType TypeDefinition Other 

Subtype of the 0:FiniteStateMachineType defined in OPC 10000-16, i.e. inheriting the InstanceDeclarations of that Node. 

0:HasProperty Variable 0:DefaultInstanceBrowseName 0:QualifiedName 0:PropertyType  

0:HasComponent Object Off  0:StateType  

0:HasComponent Object EnergySaving  0:StateType  

0:HasComponent Object Idle  0:StateType  

0:HasComponent Object SetUp  0:StateType  

0:HasComponent Object LaserReady  0:StateType  

0:HasComponent   Object Maintenance  0:StateType  

0:HasComponent   Object Error  0:StateType  

0:HasComponent   Object LaserOn  0:StateType  
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0:HasComponent   Object FromOffToOff  0:TransitionType  

0:HasComponent   Object FromOffToEnergySaving  0:TransitionType  

0:HasComponent   Object FromOffToIdle  0:TransitionType  

0:HasComponent   Object FromOffToSetUp  0:TransitionType  

0:HasComponent   Object FromOffToLaserReady  0:TransitionType  

0:HasComponent   Object FromOffToMaintenance  0:TransitionType  

0:HasComponent   Object FromOffToError  0:TransitionType  

0:HasComponent   Object FromOffToLaserOn  0:TransitionType  

0:HasComponent   Object FromEnergySavingToOff  0:TransitionType  

0:HasComponent   Object FromEnergySavingToEnergySaving  0:TransitionType  

0:HasComponent   Object FromEnergySavingToIdle  0:TransitionType  

0:HasComponent   Object FromEnergySavingToSetUp  0:TransitionType  

0:HasComponent   Object FromEnergySavingToLaserReady  0:TransitionType  

0:HasComponent   Object FromEnergySavingToMaintenance  0:TransitionType  

0:HasComponent   Object FromEnergySavingToError  0:TransitionType  

0:HasComponent   Object FromEnergySavingToLaserOn  0:TransitionType  

0:HasComponent   Object FromIdleToOff  0:TransitionType  

0:HasComponent   Object FromIdleToEnergySaving  0:TransitionType  

0:HasComponent   Object FromIdleToIdle  0:TransitionType  

0:HasComponent   Object FromIdleToSetUp  0:TransitionType  

0:HasComponent   Object FromIdleToLaserReady  0:TransitionType  

0:HasComponent   Object FromIdleToMaintenance  0:TransitionType  

0:HasComponent   Object FromIdleToError  0:TransitionType  

0:HasComponent   Object FromIdleToLaserOn  0:TransitionType  

0:HasComponent   Object FromSetUpToOff  0:TransitionType  

0:HasComponent   Object FromSetUpToEnergySaving  0:TransitionType  

0:HasComponent   Object FromSetUpToIdle  0:TransitionType  

0:HasComponent   Object FromSetUpToSetUp  0:TransitionType  

0:HasComponent   Object FromSetUpToLaserReady  0:TransitionType  

0:HasComponent   Object FromSetUpToMaintenance  0:TransitionType  

0:HasComponent   Object FromSetUpToError  0:TransitionType  

0:HasComponent   Object FromSetUpToLaserOn  0:TransitionType  

0:HasComponent   Object FromLaserReadyToOff  0:TransitionType  

0:HasComponent   Object FromLaserReadyToEnergySaving  0:TransitionType  

0:HasComponent   Object FromLaserReadyToIdle  0:TransitionType  

0:HasComponent   Object FromLaserReadyToSetUp  0:TransitionType  

0:HasComponent   Object FromLaserReadyToLaserReady  0:TransitionType  

0:HasComponent   Object FromLaserReadyToMaintenance  0:TransitionType  

0:HasComponent   Object FromLaserReadyToError  0:TransitionType  

0:HasComponent   Object FromLaserReadyToLaserOn  0:TransitionType  

0:HasComponent   Object FromMaintenanceToOff  0:TransitionType  

0:HasComponent   Object FromMaintenanceToEnergySaving  0:TransitionType  

0:HasComponent   Object FromMaintenanceToIdle  0:TransitionType  

0:HasComponent   Object FromMaintenanceToSetUp  0:TransitionType  
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0:HasComponent   Object FromMaintenanceToLaserReady  0:TransitionType  

0:HasComponent   Object FromMaintenanceToMaintenance  0:TransitionType  

0:HasComponent   Object FromMaintenanceToError  0:TransitionType  

0:HasComponent   Object FromMaintenanceToLaserOn  0:TransitionType  

0:HasComponent   Object FromErrorToOff  0:TransitionType  

0:HasComponent   Object FromErrorToEnergySaving  0:TransitionType  

0:HasComponent   Object FromErrorToIdle  0:TransitionType  

0:HasComponent   Object FromErrorToSetUp  0:TransitionType  

0:HasComponent   Object FromErrorToLaserReady  0:TransitionType  

0:HasComponent   Object FromErrorToMaintenance  0:TransitionType  

0:HasComponent   Object FromErrorToError  0:TransitionType  

0:HasComponent   Object FromErrorToLaserOn  0:TransitionType  

0:HasComponent   Object FromLaserOnToOff  0:TransitionType  

0:HasComponent   Object FromLaserOnToEnergySaving  0:TransitionType  

0:HasComponent   Object FromLaserOnToIdle  0:TransitionType  

0:HasComponent   Object FromLaserOnToSetUp  0:TransitionType  

0:HasComponent   Object FromLaserOnToLaserReady  0:TransitionType  

0:HasComponent   Object FromLaserOnToMaintenance  0:TransitionType  

0:HasComponent   Object FromLaserOnToError  0:TransitionType  

0:HasComponent   Object FromLaserOnToLaserOn  0:TransitionType  

Conformance Units 

LaserSystems LaserSystemState_StateMachineType Basic 

 

 

The States and Transitions define a StateMachine as shown in Figure 7. It does not define an initial State, i.e., 
the initial State is vendor-specific. 

Note: None of the States or Transitions have a ModellingRule, i.e., they are only provided in the 
TypeDefinition, not on the instance. The CurrentState Variable (inherited from StateMachineType) contains 
the information of the current State of the instance.  

Off is the state used to represent when a laser system is either completely shut down or in a system state below 
EnergySaving and thus very close to completely shut down (e.g., deep hibernation).  

Note: In the Off state the OPC UA server of the laser system might actually not be reachable by an OPC UA 
client. However, by setting the Off state as part of the shutdown procedure an already connected client would 
know the last state was the Off state indicating that a normal shut down procedure was executed. 

EnergySaving indicates that the energy consumption of the laser system is deliberately reduced. This can 
indicate a wide array of system states, reaching from close to the Off state (e.g., hibernation) to merely one or 
two elements of a laser system (e.g., a coolant pump) having reduced their power consumption. 

Idle indicates that the laser system is not in an EnergySaving state, passively running while no preparing to 
achieve the LaserOn state and is thus also not in the SetUp state. 

SetUp indicates that the system is currently actively doing something (e.g., bringing components to operating 
temperature) in order to achieve the LaserReady state. 

LaserReady indicates that the laser system is merely missing a trigger before actively emitting radiation. 

Maintenance indicates all states where the system is currently not able to operate due to for example software 
updates or hardware checkups. 
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Error indicates all states in which the system can currently not operate as an error is present. A closer 
description of the error can be taken form object instances described in chapter 7.3. 

LaserOn is the only state in which the laser system is actively emitting radiation. 

The components of the LaserSystemState_StateMachineType have additional references which are defined in 
Table 23. 

 

Table 23 – LaserSystemState_StateMachineType Additional References 

SourceBrowsePath Reference Type Is Forward TargetBrowsePath 

FromOffToOff 0:FromState True Off 

0:ToState True Off 

FromOffToEnergySaving 0:FromState True Off 

0:ToState True EnergySaving 

FromOffToIdle 0:FromState True Off 

0:ToState True Idle 

FromOffToSetUp 0:FromState True Off 

0:ToState True SetUp 

FromOffToLaserReady 0:FromState True Off 

0:ToState True LaserReady 

FromOffToMaintenance 0:FromState True Off 

0:ToState True Maintenance 

FromOffToError 0:FromState True Off 

0:ToState True Error 

FromOffToLaserOn 0:FromState True Off 

0:ToState True LaserOn 

FromEnergySavingToOff 0:FromState True EnergySaving 

0:ToState True Off 

FromEnergySavingToEnergySaving 0:FromState True EnergySaving 

0:ToState True EnergySaving 

FromEnergySavingToIdle 0:FromState True EnergySaving 

0:ToState True Idle 

FromEnergySavingToSetUp 0:FromState True EnergySaving 

0:ToState True SetUp 

FromEnergySavingToLaserReady 0:FromState True EnergySaving 

0:ToState True LaserReady 

FromEnergySavingToMaintenance 0:FromState True EnergySaving 

0:ToState True Maintenance 

FromEnergySavingToError 0:FromState True EnergySaving 

0:ToState True Error 

FromEnergySavingToLaserOn 0:FromState True EnergySaving 

0:ToState True LaserOn 

FromIdleToOff 0:FromState True Idle 

0:ToState True Off 

FromIdleToEnergySaving 0:FromState True Idle 

0:ToState True EnergySaving 
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FromIdleToIdle 0:FromState True Idle 

0:ToState True Idle 

FromIdleToSetUp 0:FromState True Idle 

0:ToState True SetUp 

FromIdleToLaserReady 0:FromState True Idle 

0:ToState True LaserReady 

FromIdleToMaintenance 0:FromState True Idle 

0:ToState True Maintenance 

FromIdleToError 0:FromState True Idle 

0:ToState True Error 

FromIdleToLaserOn 0:FromState True Idle 

0:ToState True LaserOn 

FromSetUpToOff 0:FromState True SetUp 

0:ToState True Off 

FromSetUpToEnergySaving 0:FromState True SetUp 

0:ToState True EnergySaving 

FromSetUpToIdle 0:FromState True SetUp 

0:ToState True Idle 

FromSetUpToSetUp 0:FromState True SetUp 

0:ToState True SetUp 

FromSetUpToLaserReady 0:FromState True SetUp 

0:ToState True LaserReady 

FromSetUpToMaintenance 0:FromState True SetUp 

0:ToState True Maintenance 

FromSetUpToError 0:FromState True SetUp 

0:ToState True Error 

FromSetUpToLaserOn 0:FromState True SetUp 

0:ToState True LaserOn 

FromLaserReadyToOff 0:FromState True LaserReady 

0:ToState True Off 

FromLaserReadyToEnergySaving 0:FromState True LaserReady 

0:ToState True EnergySaving 

FromLaserReadyToIdle 0:FromState True LaserReady 

0:ToState True Idle 

FromLaserReadyToSetUp 0:FromState True LaserReady 

0:ToState True SetUp 

FromLaserReadyToLaserReady 0:FromState True LaserReady 

0:ToState True LaserReady 

FromLaserReadyToMaintenance 0:FromState True LaserReady 

0:ToState True Maintenance 

FromLaserReadyToError 0:FromState True LaserReady 

0:ToState True Error 

FromLaserReadyToLaserOn 0:FromState True LaserReady 

0:ToState True LaserOn 
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FromMaintenanceToOff 0:FromState True Maintenance 

0:ToState True Off 

FromMaintenanceToEnergySaving 0:FromState True Maintenance 

0:ToState True EnergySaving 

FromMaintenanceToIdle 0:FromState True Maintenance 

0:ToState True Idle 

FromMaintenanceToSetUp 0:FromState True Maintenance 

0:ToState True SetUp 

FromMaintenanceToLaserReady 0:FromState True Maintenance 

0:ToState True LaserReady 

FromMaintenanceToMaintenance 0:FromState True Maintenance 

0:ToState True Maintenance 

FromMaintenanceToError 0:FromState True Maintenance 

0:ToState True Error 

FromMaintenanceToLaserOn 0:FromState True Maintenance 

0:ToState True LaserOn 

FromErrorToOff 0:FromState True Error 

0:ToState True Off 

FromErrorToEnergySaving 0:FromState True Error 

0:ToState True EnergySaving 

FromErrorToIdle 0:FromState True Error 

0:ToState True Idle 

FromErrorToSetUp 0:FromState True Error 

0:ToState True SetUp 

FromErrorToLaserReady 0:FromState True Error 

0:ToState True LaserReady 

FromErrorToMaintenance 0:FromState True Error 

0:ToState True Maintenance 

FromErrorToError 0:FromState True Error 

0:ToState True Error 

FromErrorToLaserOn 0:FromState True Error 

0:ToState True LaserOn 

FromLaserOnToOff 0:FromState True LaserOn 

0:ToState True Off 

FromLaserOnToEnergySaving 0:FromState True LaserOn 

0:ToState True EnergySaving 

FromLaserOnToIdle 0:FromState True LaserOn 

0:ToState True Idle 

FromLaserOnToSetUp 0:FromState True LaserOn 

0:ToState True SetUp 

FromLaserOnToLaserReady 0:FromState True LaserOn 

0:ToState True LaserReady 

FromLaserOnToMaintenance 0:FromState True LaserOn 

0:ToState True Maintenance 
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FromLaserOnToError 0:FromState True LaserOn 

0:ToState True Error 

FromLaserOnToLaserOn 0:FromState True LaserOn 

0:ToState True LaserOn 

 

The component Variables of the LaserSystemState_StateMachineType have additional Attributes defined in 
Table 24 

 

 

 

Table 24 – LaserSystemState_StateMachineType Attribute Values for child nodes 

Source Path Value Attribute Description Attribute 

0:DefaultInstanceBrowseName LaserSystemState The default BrowseName for instances of the type 

Off  The laser system is currently off or very close to off 

EnergySaving  The laser system is actively reducing its energy 
consumption 

Idle  The laser system is operational but not perusing 
any activities to achieve the LaserReady state 

SetUp  The laser system is performing activities to achieve 
the LaserReady state 

LaserReady  The laser system is ready and is merely missing a 
trigger to actively emit radiation 

Maintenance  The laser system is currently not operational as 
maintenance is being performed on it 

Error  The laser system is not operational as it is in an 
error state  

LaserOn  The laser system is actively emitting radiation 

Off 

0:StateNumber 
 

0  

EnergySaving 

0:StateNumber 
 

1  

Idle 

0:StateNumber 
 

2  

SetUp 

0:StateNumber 
 

3  

LaserReady 

0:StateNumber 
 

4  

Maintenance 

0:StateNumber 
 

5  

Error 

0:StateNumber 
 

6  

LaserOn 

0:StateNumber 
 

7  

FromOffToOff 

0:TransitionNumber 
 

0  

FromOffToEnergySaving  

0:TransitionNumber 
 

1  

FromOffToIdle 

0:TransitionNumber 
 

2  

FromOffToSetUp 

0:TransitionNumber 
 

3  

FromOffToLaserReady 

0:TransitionNumber 
 

4  

FromOffToMaintenance 

0:TransitionNumber 
 

5  

FromOffToError 

0:TransitionNumber 
 

6  
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FromOffToLaserOn  

0:TransitionNumber 
 

7  

FromEnergySavingToOff 

0:TransitionNumber 
 

8  

FromEnergySavingToEnergySaving 

0:TransitionNumber 
 

9  

FromEnergySavingToIdle 

0:TransitionNumber 
 

10  

FromEnergySavingToSetUp 

0:TransitionNumber 
 

11  

FromEnergySavingToLaserReady 

0:TransitionNumber 
 

12  

FromEnergySavingToMaintenance 

0:TransitionNumber 
 

13  

FromEnergySavingToError 

0:TransitionNumber 
 

14  

FromEnergySavingToLaserOn 

0:TransitionNumber 
 

15  

FromIdleToOff 

0:TransitionNumber 
 

16  

FromIdleToEnergySaving 

0:TransitionNumber 
 

17  

FromIdleToIdle 

0:TransitionNumber 
 

18  

FromIdleToSetUp 

0:TransitionNumber 
 

19  

FromIdleToLaserReady 

0:TransitionNumber 
 

20  

FromIdleToMaintenance 

0:TransitionNumber 
 

21  

FromIdleToError 

0:TransitionNumber 
 

22  

FromIdleToLaserOn 

0:TransitionNumber 
 

23  

FromSetUpToOff 

0:TransitionNumber 
 

24  

FromSetUpToEnergySaving 

0:TransitionNumber 
 

25  

FromSetUpToIdle 

0:TransitionNumber 
 

26  

FromSetUpToSetUp 

0:TransitionNumber 
 

27  

FromSetUpToLaserReady 

0:TransitionNumber 
 

28  

FromSetUpToMaintenance 

0:TransitionNumber 
 

29  

FromSetUpToError 

0:TransitionNumber 
 

30  

FromSetUpToLaserOn 

0:TransitionNumber 
 

31  

FromLaserReadyToOff 

0:TransitionNumber 
 

32  

FromLaserReadyToEnergySaving 

0:TransitionNumber 
 

33  

FromLaserReadyToIdle 

0:TransitionNumber 
 

34  

FromLaserReadyToSetUp 

0:TransitionNumber 
 

35  

FromLaserReadyToLaserReady 

0:TransitionNumber 
 

36  

FromLaserReadyToMaintenance 37  
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0:TransitionNumber 
 

FromLaserReadyToError 

0:TransitionNumber 
 

38  

FromLaserReadyToLaserOn 

0:TransitionNumber 
 

39  

FromMaintenanceToOff 

0:TransitionNumber 
 

40  

FromMaintenanceToEnergySaving 

0:TransitionNumber 
 

41  

FromMaintenanceToIdle 

0:TransitionNumber 
 

42  

FromMaintenanceToSetUp 

0:TransitionNumber 
 

43  

FromMaintenanceToLaserReady 

0:TransitionNumber 
 

44  

FromMaintenanceToMaintenance 

0:TransitionNumber 
 

45  

FromMaintenanceToError 

0:TransitionNumber 
 

46  

FromMaintenanceToLaserOn 

0:TransitionNumber 
 

47  

FromErrorToOff 

0:TransitionNumber 
 

48  

FromErrorToEnergySaving 

0:TransitionNumber 
 

49  

FromErrorToIdle 

0:TransitionNumber 
 

50  

FromErrorToSetUp 

0:TransitionNumber 
 

51  

FromErrorToLaserReady 

0:TransitionNumber 
 

52  

FromErrorToMaintenance 

0:TransitionNumber 
 

53  

FromErrorToError 

0:TransitionNumber 
 

54  

FromErrorToLaserOn  

0:TransitionNumber 
 

55  

FromLaserOnToOff 

0:TransitionNumber 
 

56  

FromLaserOnToEnergySaving 

0:TransitionNumber 
 

57  

FromLaserOnToIdle 

0:TransitionNumber 
 

58  

FromLaserOnToSetUp 

0:TransitionNumber 
 

59  

FromLaserOnToLaserReady 

0:TransitionNumber 
 

60  

FromLaserOnToMaintenance 

0:TransitionNumber 
 

61  

FromLaserOnToError 

0:TransitionNumber 
 

62  

FromLaserOnToLaserOn 

0:TransitionNumber 
 

63  

 

7.2.5 ActivityDataMonitoring ObjectType Definition 

The ActivityDataMonitoringType provides information about high-level logging of the activities performed on a 

laser system. This enables for example the tracking of configuration changes. 
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The ActivityDataMonitoringType is formally defined in Table 25. 

 

Table 25 – ActivityDataMonitoringType Definition 

Attribute Value 

BrowseName ActivityDataMonitoringType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 4:ElementMonitoringType defined in OPC 40501-1 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasProperty Variable ParameterIdentifier 0:String 0:PropertyType M, RO 

0:HasComponent Variable PreviousValue 0:Number 0:AnalogUnitType O, RO 

0:HasComponent Variable CurrentValue 0:Number 0:AnalogUnitType M, RO 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType O, RO 

0:HasInterface ObjectType 0:IOrderedObjectType    

      

Applied from 0:IOrderedObjectType 

0:HasProperty Variable 0:NumberInList 0:UInt16 0:PropertyType M, RO 

Conformance Units 

LaserSystems ActivityDataMonitoringType Basic 

 

The 4:Name is a human-readable string containing the name of the configuration parameter, that is being 
changed. The uniqueness of this name cannot be assumed. The value of this Property may change during its 
life cycle. 

ParameterIdentifier is a unique string identifier for a configuration parameter. The mandatory identifier is to be 
used to provide a unique ID. The value of this Property does not change during its life cycle. 

The PreviousValue Component represents the value of the configuration parameter before a change, it is 
optional and given as number.  

The CurrentValue Component represents the now current value of the of the configuration parameter in 
question, it is mandatory and given as number. 

The optional Description Component represents a human-readable description of the configuration change. 

Note: The change time stamp is given by the source time stamp of the node. 

7.2.6 ConditionDataMonitoring ObjectType Definition 

The ConditionDataMonitoringType provides specific information about current condition data of the laser 

system. Warning and error levels identify the specified working range of the monitored condition parameter.  

The ConditionDataMonitoringType is formally defined in Table 26. 

 

Table 26 – ConditionDataMonitoringType Definition 

Attribute Value 

BrowseName ConditionDataMonitoringType 

IsAbstract False 

References Node 
Class 

BrowseName DataType TypeDefinition Other 

Subtype of the 4:ElementMonitoringType defined in OPC 40501-1 i.e. inheriting the InstanceDeclarations of that Node.… 

0:HasProperty Variable ConditionParameterIdentifier 0:String 0:PropertyType M, RO 

0:HasComponent Variable Value 0:Number 0:AnalogUnitType M, RO 

0:HasComponent Variable UpperWarningLevel 0:Number 0:AnalogUnitType O, RO 

0:HasComponent Variable UpperErrorLevel 0:Number 0:AnalogUnitType O, RO 

0:HasComponent Variable LowerWarningLevel 0:Number 0:AnalogUnitType O, RO 

0:HasComponent Variable LowerErrorLevel 0:Number 0:AnalogUnitType O, RO 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType O, RO 

Conformance Units 

LaserSystems ConditionDataMonitoringType Basic 
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The 4:Name Property represents a human-readable name of the monitored condition parameter. The 
uniqueness of this name cannot be assumed. The value of this Property may change during its life cycle. 
Examples are: “current temperature”, “power consumption”. 

The mandatory ConditionParameterIdentifier is a unique string for identifying the monitored condition parameter. 
The Property is to be used to provide a unique ID, the value of which does not change during its life cycle. 

The Value Component represents the current value of the monitored condition parameter. The Value is 
mandatory and given as number. The value should be updated frequently to match the current circumstances. 
Examples are: “2000”, “0.4563”, “-11” 

UpperWarningLevel is a mandatory and given as number. This Component represents the upper limit for the 
monitored condition parameter above which a warning message is expected. 

The mandatory UpperErrorLevel Component represents the maximum value permitted or the monitored 
condition parameter. If exceeded an error message is expected. 

LowerWarningLevel is a mandatory and given as number. This Component represents the lower limit for the 
monitored condition parameter below which a warning message is expected. 

The mandatory LowerErrorLevel Component represents the minimum value permitted for the monitored 
condition parameter. If exceeded an error message is expected. 

The optional Description Component represents a human-readable description of the monitored condition 
parameter. 

7.2.7 ConsumptionDataMonitoring ObjectType Definition 

The ConsumptionDataMonitoringType provides information about the external media consumption (e.g., power 
consumption, compressed air, cooling water). This enables the identification of the consumables the laser 
system is equipped with. 

The ConsumptionDataMonitoringType is formally defined in Table 27. 

Table 27 – ConsumptionDataMonitoringType Definition 

Attribute Value 

BrowseName ConsumptionDataMonitoringType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 4:ElementMonitoringType defined in OPC 40501-1 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasProperty Variable ConsumableIdentifier 0:String 0:PropertyType M, RO 

0:HasComponent Variable Value 0:Number 0:AnalogUnitType M, RO 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType O, RO 

Conformance Units 

LaserSystems ConsumptionDataMonitoringType Basic 

 

The 4:Name is a human-readable string containing the name of the monitored media consumption parameter. 
The uniqueness of this name cannot be assumed based on this information. The value of this Property might 
change during its life cycle. Examples are: “power consumption”, “compressed air”, “cooling water”. 

ConsumableIdentifier is a unique string identifier for a media consumption parameter. The mandatory Identifier 
is to be used to provide a unique ID. The value of this Property does not change during its life cycle. 

The Value Component represents the current value of the monitored media consumption parameter. The Value 
is mandatory and given as number. The value should be updated frequently to match the represented current 
circumstances of the monitored media consumption parameter. Examples are: “2000”, “0.4563”, “-11” 

The optional Description Component represents a human-readable description of the monitored media 
consumption parameter. 
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7.3 Notification 

Notification is used to provide an interface for laser systems to deliver information about errors, warnings and 
notifications (see the use case in chapter 5.2), this specification reuses all concepts of the MessagesType as 
defined in OPC 40501-1: Machine Tools.  

Furthermore, this specification reuses the 4:PrognosisType as defined in OPC 40501-1: Machine Tools to 
provide an interface for delivering information regarding upcoming maintenance activities.  

Note: The goal of the interface is not, provide information to a higher-level system which tracks when which 
components were changed or when a service was executed.  

To tailor the existing model to laser systems and the use case described in chapter 5.3, two subtypes, the 
LaserSystemMaintenancePrognosisType and the LaserSystemUtilityChangePrognosisType are derived in 
chapter 7.3.1 and 7.3.2.  

Figure 9 gives an overview of NotificationType model as defined in OPC 40501-1 and how the 
LaserSystemMaintenancePrognosisType and LaserSystemUtilityChangePrognosisType definitions extend that 
model. 

 

4 NotificationType 

4:Notification

4:MessagesType

4:Messages

4:PrognosisListType

4:Prognoses4:AlertType

Alert

4:ErrorCode

0:Message

0:Severity

0:SourceName

0:Time

0:ReceiveTime

.....

4:NotificationEventType

4:NotificationEvent

0:Message

0:Severity

0:SourceName

0:Time

0:ReceiveTime

4:Identifier

4:PrognosisType

4:<Prognosis>
4:PredictedTime

LaserSystemMaintenancePrognosisType

LaserSystemMaintenancePrognosis

LaserSystemUtilityChangePrognosisType

LaserSystemUtilityChangePrognosis

4:UtilityName

Description

Code

Description

Code

4:Activity

...

.....

 

Figure 9 – Instance Example for the 4:NotificationType as used by the OPC UA information model for 
Laser System 
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7.3.1 LaserSystemMaintenancePrognosis ObjectType Definition 

The LaserSystemMaintenancePrognosisType provides an interface to quickly identify which kind of 
maintenance is to be performed on a laser system and when this maintenance is due 

The LaserSystemMaintenancePrognosisType is formally defined in Table 28. 

Table 28 – LaserSystemMaintenancePrognosisType Definition 

Attribute Value 

BrowseName LaserSystemMaintenancePrognosisType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 4:MaintenancePrognosisType defined in OPC 40501-1 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType M, RO 

0:HasProperty Variable Code 0:String 0:PropertyType O, RO 

Conformance Units 

LaserSystems LaserSystemMaintenancePrognosisType Basic 

 

The 4:PredictedTime as defined by the 4:PrognosisType is used to indicate the point in time the predicted user 
interaction will become necessary.  

The 4:Activity as defined in the super type 4:MaintenancePrognosisType is to be used to indicate the name of 
the activity to be executed on the machine. Examples may be "General service A" or "Check up of the main 
coolant loop". 

The Description indicates in a more elaborate (as compared to 4:UtilityName) and textual form what is to be 
done for the specific maintenance.  

The Code may, for example, be used to link a maintenance activity to one specified in a service manual. 

7.3.2 LaserSystemUtilityChangePrognosis ObjectType Definition 

The LaserSystemUtilityChangePrognosisType is to be used as an interface indicating upcoming maintenance 

measures, in which utilities are to be exchanged. One such might be the change of a filter or the refilling of a 

water coolant system. 

Note: The LaserSystemUtilityChangePrognosisType differs from the LaserSystemMaintenancePrognosisType 

as it always refers to one specific component which is to be serviced. 

The LaserSystemUtilityChangePrognosisType is formally defined in Table 29. 

 

Table 29 – LaserSystemUtilityChangePrognosisType Definition 

Attribute Value 

BrowseName LaserSystemUtilityChangePrognosisType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 4:UtilityChangePrognosisType defined in OPC 40501-1 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType M, RO 

0:HasProperty Variable Code 0:String 0:PropertyType O, RO 

Conformance Units 

LaserSystems LaserSystemUtilityChangePrognosisType Basic 

 

 

The 4:PredictedTime as defined the 4:PrognosisType is used to indicate the point in time the utility change will 
become necessary.  

The 4:UtilityName as defined in the super type 4:UtilityChangePrognosisType is to be used to indicate the name 
of the utility to be exchanged. Examples may be "Air filter" or "Coolant water". 
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The Description indicates in a more elaborate (as compared to 4:UtilityName) and textual form what is to be 
done for the specific utility change.  

The Code may, for example, be used to link a maintenance activity to one specified in a service manual. 
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7.4 Production 

7.4.1 LaserSystemProduction ObjectType Definition 

The LaserSystemProductionType is modelled similarly to the 4:ProductionType as defined in OPC 40501-1. It 
is used to structure all production related data linked to a laser system.  

The LaserSystemProductionType is formally defined in Table 30. 

Table 30 – LaserSystemProductionType Definition 

Attribute Value 

BrowseName LaserSystemProductionType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 0:BaseObjectType defined in OPC 10000-5 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasComponent Object RecipeSettingsAndOverviews  0:FolderType O 

Conformance Units 

LaserSystems LaserSystemProductionType Basic 

 

RecipeSettingsAndOverviews contains instances of the RecipeSettingsAndOverviewType (see chapter 7.4.2). 
It is used to structure production information. 

The components of the LaserSystemProductionType have additional subcomponents which are defined in 
Table 31. 

Table 31 – LaserSystemProductionType Additional Subcomponents 

Source Path Reference NodeClass BrowseName DataType TypeDefinition Others 

RecipeSettingsAndOver
views 

0:HasCompo
nent 

Object <Recipe>  RecipeSettingsAndOv
erviewType 

OP 

 

7.4.2 RecipeSettingsAndOverview Type Definition 

The RecipeSettingsAndOverviewType provides a list of all available recipes for a given laser system and offers 
further specifics of the recipe, like last usage, completed runs and revision status of the recipe. This enables an 
overview of all available recipe options for keeping the laser system updated and ready for use. 

The RecipeSettingsAndOverviewType is formally defined in Table 32. 

 

Table 32 – RecipeSettingsAndOverviewType Definition 

Attribute Value 

BrowseName RecipeSettingsAndOverviewType 

IsAbstract False 

References Node Class BrowseName DataType TypeDefinition Other 

Subtype of the 0:BaseObjectType defined in OPC 10000-5 i.e. inheriting the InstanceDeclarations of that Node. 

0:HasProperty Variable RecipeName 0:String 0:PropertyType O, RO 

0:HasProperty Variable RecipeIdentifier 0:String 0:PropertyType M, RO 

0:HasProperty Variable LastUsage 0:UtcTime 0:PropertyType M, RO 

0:HasComponent Variable RunsCompleted 0:UInt64 0:BaseDataVariableType M, RO 

0:HasProperty Variable RecipeRevision 0:String 0:PropertyType O, RO 

0:HasProperty Variable LastModification 0:UtcTime 0:PropertyType M, RO 

0:HasProperty Variable CreationDate 0:UtcTime 0:PropertyType O, RO 

0:HasComponent Variable Description 0:LocalizedText 0:BaseDataVariableType O, RO 

Conformance Units 

LaserSystems RecipeSettingsAndOverviewType Basic 

 

 

The optional RecipeName is a human-readable string containing the name of the recipe. The uniqueness of this 
name cannot be assumed. The value of this Property might change during its life cycle. 
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RecipeIdentifier is a unique string identifier for a recipe. The mandatory Identifier is to be used to provide a 
unique ID. The value of this Property does not change during its life cycle. 

LastUsage gives the time, when the specific recipe was last active. The Property is mandatory and uses the 
UtcTime DataType. 

The mandatory Component RunsCompleted is a counter that is to be increased after each completed run of the 

recipe, it uses the DateType UInt32. This counter does not give any indication about the part quality. 

The optional RecipeRevision Property is a human readable string, that indicates the current revision level of the 
recipe. 

The LastModification Property gives the time, when the specific recipe was last modified. The Property is 
mandatory and uses the UtcTime DataType. 

The optional CreationDate gives the time, when the specific recipe was first introduced. The Property uses the 
UtcTime DataType. 

The optional Description Component represents a human-readable description of the recipe. 
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8 Profiles and ConformanceUnits 

8.1 Conformance Units  

This chapter defines the corresponding Conformance Units for the OPC UA Information Model for 
LaserSystems. 

Table 33 – Conformance Units for Laser Systems 

Category Title Description 

Server LaserSystems LaserSystemType Basic The LaserSystemType is represented in the AddressSpace All instances 
contain all nodes declared as mandatory in the LaserSystemType. Every 
optional node available in the instances matches the type definition. 

Server LaserSystems 
LaserSystemMonitoringType Basic 

The LaserSystemMonitoringType is represented in the AddressSpace. All 
instances contain all nodes declared as mandatory in the 
LaserSystemMonitoringType. Every optional node available in the 
instances matches the type definition. 

Server LaserSystems LaserSystemStatusType 
Basic 

The LaserSystemStatusType is represented in the AddressSpace. All 
instances contain all nodes declared as mandatory in the 
LaserSystemStatusType. Every optional node available in the instances 
matches the type definition. 

Server LaserSystems 
LaserSystemOperationCounterType 
Basic 

The LaserSystemOperationCounterType is represented in the 
AddressSpace. All instances contain all nodes declared as mandatory in 
the LaserSystemOperationCounterType. Every optional node available in 
the instances matches the type definition. 

Server LaserSystems 
LaserSystemState_StateMachineType 
Basic 

The LaserSystemState_StateMachineType is represented in the 
AddressSpace. All instances contain all nodes declared as mandatory in 
the LaserSystemState_StateMachineType. Every optional node available in 
the instances matches the type definition. 

Server LaserSystems 
ActivityDataMonitoringType Basic 

The ActivityDataMonitoringType is represented in the AddressSpace. All 
instances contain all nodes declared as mandatory in the 
ActivityDataMonitoringType. Every optional node available in the instances 
matches the type definition. 

Server LaserSystems 
ConditionDataMonitoringType Basic 

The ConditionDataMonitoringType is represented in the AddressSpace. All 
instances contain all nodes declared as mandatory in the 
ConditionDataMonitoringType. Every optional node available in the 
instances matches the type definition. 

Server LaserSystems 
ConsumptionDataMonitoringType Basic 

The ConsumptionDataMonitoringType is represented in the AddressSpace. 
All instances contain all nodes declared as mandatory in the 
ConsumptionDataMonitoringType. Every optional node available in the 
instances matches the type definition. 

Server LaserSystems 
LaserSystemMaintenancePrognosisType 
Basic 

The LaserSystemMaintenancePrognosisType is represented in the 
AddressSpace. All instances contain all nodes declared as mandatory in 
the LaserSystemMaintenancePrognosisType. Every optional node 
available in the instances matches the type definition. 

Server LaserSystems 
LaserSystemUtilityChangePrognosisType 
Basic 

The LaserSystemUtilityChangePrognosisType is represented in the 
AddressSpace. All instances contain all nodes declared as mandatory in 
the LaserSystemUtilityChangePrognosisType. Every optional node 
available in the instances matches the type definition. 

Server LaserSystems 
LaserSystemProductionType Basic 

The Laser LaserSystemProductionType is represented in the 
AddressSpace. All instances contain all nodes declared as mandatory in 
the LaserSystemProductionType. Every optional node available in the 
instances matches the type definition. 

Server LaserSystems 
RecipeSettingsAndOverviewType Basic 

The RecipeSettingsAndOverviewType is represented in the AddressSpace. 
All instances contain all nodes declared as mandatory in the 
RecipeSettingsAndOverviewType. Every optional node available in the 
instances matches the type definition. 

 

8.2 Profiles 

8.2.1 Profile list 

Table 34 lists all Profiles defined in this document and defines their URIs.  
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Table 34 – Profile URIs for Laser Systems 

Profile URI 

LaserSystems Basic Server Profile http://opcfoundation.org/UA-Profile/LaserSystems/Server/Basic 

LaserSystems Stacklight Facet http://opcfoundation.org/UA-Profile/LaserSystems/Server/Stacklight 

LaserSystems Monitoring Facet http://opcfoundation.org/UA-Profile/LaserSystems/Server/Monitoring 

LaserSystems Notification Facet http://opcfoundation.org/UA-Profile/LaserSystems/Server/Notification 

LaserSystems Production Facet http://opcfoundation.org/UA-Profile/LaserSystems/Server/Production 

 

8.2.2 Server Facets 

8.2.2.1 Overview 

The following sections specify the Facets available for Servers that implement the LaserSystems companion 
specification. Each section defines and describes a Facet or Profile. 

8.2.2.2 LaserSystems Basic Server Profile 

Table 35 defines a Profile that describes the minimum required content and address space functionality any 
LaserSystem server shall at least provide. 

Table 35 – LaserSystems Basic Server Profile 

Group Conformance Unit / Profile Title Mandatory / 
Optional 

Profile 0:Micro Embedded Device 2017 Server Profile M 

Base Information 0:Base Info Placeholder Modelling Rules M 

Profile 0:State Machine Server Facet M 

Base Information 0:Base Info Custom Type System M 

Base Information 0:Base Info Placeholder Modelling Rules M 

Profile 3:Machinery Component Identification Server Facet M 

Profile 3:Machinery State Server Facet M 

LaserSystems LaserSystems LaserSystemState_StateMachineType Basic M 

LaserSystems LaserSystems LaserSystemOperationCounterType Basic M 

Profile 2:DI OperationCounter Interface M 

 

8.2.2.3 LaserSystems Stacklight Facet 

Table 36 defines a Facet which enables the provisioning stack light related information of a laser system. 

Table 36 – LaserSystems Stacklight Server Facet 

Group Conformance Unit / Profile Title Mandatory / 
Optional 

Profie LaserSystems Basic Server Profile M 

Profile 5:IA Stacklight Server Profile M 

 

8.2.2.4 LaserSystems Monitoring Facet 

Table 37 defines a Facet that enables the provisioning of monitoring data for a laser system. 

Table 37 – LaserSystems Monitoring Server Facet 

Group Conformance Unit / Profile Title Mandatory / 
Optional 

Profie LaserSystems Basic Server Profile M 

Base Information 0:Base Info Engineering Units M 

LaserSystems LaserSystems ActivityDataMonitoringType Basic M 

LaserSystems LaserSystems ConditionDataMonitoringType Basic M 

LaserSystems LaserSystems ConsumptionDataMonitoringType Basic M 
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8.2.2.5 LaserSystems Notification Server Facet 

Table 38 defines a Facet that enables the provisioning of errors, warnings, notifications and maintenance related 
information. 

Table 38 – LaserSystems Notification Server Facet 

Group Conformance Unit / Profile Title Mandatory / 
Optional 

Profile LaserSystems Basic Server Profile M 

Profile 4:MachineTool Errors and Alerts Server Facet M 

LaserSystems LaserSystems LaserSystemMaintenancePrognosisType Basic M 

LaserSystems LaserSystems LaserSystemUtilityChangePrognosisType Basic M 

 

8.2.2.6 LaserSystems Production Server Facet 

Table 39 defines a Facet that enables the provisioning of recipe and setting information handled by the laser 
system. 

Table 39 – LaserSystems Production Server Facet 

Group Conformance Unit / Profile Title Mandatory / 
Optional 

Profile LaserSystems Basic Server Profile M 

Profile 4:MachineTool Prognoses Server Facet M 

LaserSystems LaserSystems LaserSystemProductionType Basic M 

LaserSystems LaserSystems RecipeSettingsAndOverviewType Basic M 

 

  



Page 50 
VDMA 40530:2024-02  

 

9 Namespaces 

9.1 Namespace Metadata 

Table 40 defines the namespace metadata for this document. The Object is used to provide version information 
for the namespace and an indication about static Nodes. Static Nodes are identical for all Attributes in all 
Servers, including the Value Attribute. See OPC 10000-5 for more details. 

The information is provided as Object of type NamespaceMetadataType. This Object is a component of the 
Namespaces Object that is part of the Server Object. The NamespaceMetadataType ObjectType and its 
Properties are defined in OPC 10000-5. 

The version information is also provided as part of the ModelTableEntry in the UANodeSet XML file. The 
UANodeSet XML schema is defined in OPC 10000-6. 

Table 40 – NamespaceMetadata Object for this Document 

Attribute Value 

BrowseName http://opcfoundation.org/UA/LaserSystems/ 

Property DataType Value 

NamespaceUri String http://opcfoundation.org/UA/LaserSystems/ 

NamespaceVersion String 1.0.0 

NamespacePublicationDate DateTime 2024-02-01 

IsNamespaceSubset Boolean False 

StaticNodeIdTypes IdType [] 0 

StaticNumericNodeIdRange NumericRange [] - 

StaticStringNodeIdPattern String - 

 

Note: The IsNamespaceSubset Property is set to False as the UANodeSet XML file contains the complete Namespace. 
Servers only exposing a subset of the Namespace need to change the value to True. 

 

9.2 Handling of OPC UA Namespaces 

Namespaces are used by OPC UA to create unique identifiers across different naming authorities. The 
Attributes NodeId and BrowseName are identifiers. A Node in the UA AddressSpace is unambiguously identified 
using a NodeId. Unlike NodeIds, the BrowseName cannot be used to unambiguously identify a Node. Different 
Nodes may have the same BrowseName. They are used to build a browse path between two Nodes or to define 
a standard Property. 

Servers may often choose to use the same namespace for the NodeId and the BrowseName. However, if they 
want to provide a standard Property, its BrowseName shall have the namespace of the standards body although 
the namespace of the NodeId reflects something else, for example the EngineeringUnits Property. All NodeIds 
of Nodes not defined in this document shall not use the standard namespaces. 

Table 41 provides a list of mandatory and optional namespaces used in an Laser Systems OPC UA Server. 
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Table 41 – Namespaces used in a Laser Systems Server 

NamespaceURI Description Use 

http://opcfoundation.org/UA/ Namespace for NodeIds and BrowseNames defined in the OPC UA 
specification. This namespace shall have namespace index 0. 

Mandatory 

Local Server URI Namespace for nodes defined in the local server. This namespace 
shall have namespace index 1. 

Mandatory 

http://opcfoundation.org/UA/DI/ Namespace for NodeIds and BrowseNames defined in OPC 10000-
100. The namespace index is Server specific. 

Mandatory 

http://opcfoundation.org/UA/Machinery/ Namespace for NodeIds and BrowseNames defined in OPC 40001-1. 
The namespace index is Server specific. 

Mandatory 

http://opcfoundation.org/UA/IA/ Namespace for NodeIds and BrowseNames defined in OPC 10000-
200. The namespace index is Server specific. 

Mandatory 

http://opcfoundation.org/UA/MachineTool/ Namespace for NodeIds and BrowseNames defined in OPC 40501-1. 
The namespace index is Server specific. 

 

http://opcfoundation.org/UA/LaserSystems/ Namespace for NodeIds and BrowseNames defined in this 
document. The namespace index is Server specific. 

Mandatory 

Vendor specific types A Server may provide vendor-specific types like types derived from 
ObjectTypes defined in this document in a vendor-specific 
namespace. 

Optional 

Vendor specific instances A Server provides vendor-specific instances of the standard types or 
vendor-specific instances of vendor-specific types in a vendor-
specific namespace. 

It is recommended to separate vendor specific types and vendor 
specific instances into two or more namespaces. 

Mandatory 

 

Table 42 provides a list of namespaces and their indices used for BrowseNames in this document. The default 
namespace of this document is not listed since all BrowseNames without prefix use this default namespace. 

Table 42 – Namespaces used in this document 

NamespaceURI Namespace Index Example 

http://opcfoundation.org/UA/ 0 0:EngineeringUnits 

http://opcfoundation.org/UA/DI/ 2 2:DeviceRevision 

http://opcfoundation.org/UA/Machinery/ 3 3:MachineIdentificationType 

http://opcfoundation.org/UA/MachineTool/ 4 4:MonitoringType 

http://opcfoundation.org/UA/IA/ 5 5:BasicStacklightType 
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Annex A 
(normative) 

 
Laser Systems Namespace and mappings 

A.1 NodeSet and supplementary files for Laser Systems Information Model 

 

The Laser Systems Information Model is identified by the following URI: 

http://opcfoundation.org/UA/LaserSystems/ 

Documentation for the NamespaceUri can be found here. 

 

The NodeSet associated with this version of specification can be found here:  

https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i
=1  

 

The NodeSet associated with the latest version of the specification can be found here:  

https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&i=1  

Supplementary files for the Laser Systems Information Model can be found here: 

https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i
=2  

 

The files associated with the latest version of the specification can be found here:  

https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&i=2  

http://opcfoundation.org/UA/LaserSystems/
http://opcfoundation.org/UA/LaserSystems/
https://reference.opcfoundation.org/nodesets?u=http://opcfoundation.org/UA/LaserSystems/
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i=1
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i=1
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&i=1
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i=2
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&v=1.0.0&i=2
https://reference.opcfoundation.org/nodesets/?u=http://opcfoundation.org/UA/LaserSystems/&i=2

