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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-20: Application layer service definition — Type 20 elements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatio
all national electrotechnical committees (IEC National Committees).
international co-operation on all questions concerning standardization in th

this end and in addition to other activities, IEC publishes International pécifications,

Technical Reports, d to as “IEC
Publication(s)”). Their preparation is entrusted to technical committe ittee interested
in the subject dealt with may participate in this preparatory wo k. gowernmental and non-
governmental organizations liaising with the IEC also participa EC collaborates closely
with the International Organization for Standardization (ISQ conditions determined by

2) The formal deC|S|ons or agreements of IEC on technlcal

3) IEC Publications have the form of recommendation

Publications is accurate, IEC cannot be [
misinterpretation by any end user.

4) In order to promote interndtiona i ommittees undertake to apply IEC Publications
transparently to the maX|m i
between any IEC Publicat
the latter.

5) IEC provides ng/macki

equipment declared tg
6) All users should ensute tha
7) No liability shall ¢

8) Attentio

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

NOTE Use of some of the associated protocol types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol type to be used with physical layer and application layer protocols in Type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol types in other
combinations may require permission from their respective intellectual-property-right holders.

International Standard IEC 61158-5-20 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This bilingual version (2014-06) corresponds to the English version, published in 2007-12.

This edition and its companion parts of IEC 61158-5 cancel and replace IEC 61158-5:2003.
This edition of this part constitutes a technical addition.

This edition of IEC 61158-5 includes the following significant changes from the prior_edition:
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a) deletion of the former Type 6 fieldbus for lack of market relevance;
b) addition of new types of fieldbuses;
c) partition of part 5 of the third edition into multiple parts numbered -5-2, -5-3, ...

The text of this standard is based on the following documents:

FDIS Report on voting
65C/475/FDIS 65C/486/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

* reconfirmed;
e withdrawn;
* replaced by a revised edition, or

¢ amended.

The list of all the par title Industrial

9

under the general
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INTRODUCTION

This standard is one of a series produced to facilitate the interconnection of automation
system components. It is related to other standards in the set as defined by the “three-layer”
fieldbus reference model described in IEC/TR 61158-1.

The application service is provided by the application protocol making use of the services
available from the data-link or other immediately lower layer. This standard defines the
application service characteristics that fieldbus applications and/or system management may
exploit.

Throughout the set of fieldbus standards, the term “service” refers to the-a
provided by one layer of the OSI| Basic Reference Model to the layer
Thus, the application layer service defined in this standard is a 6
service, independent of administrative and implementation divisions

tract capability
diately above.
architectural

S

»
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-20: Application layer service definition — Type 20 elements

1 Scope

1.1 Overview

to access the
as a “window

The fieldbus Application Layer (FAL) provides user programs with a
fieldbus communication environment. In this respect, the FAL can be
between corresponding application programs.”

ewed

This part of IEC 61158 provides common elements for basic timescritical ahd non-timeé-critical
messaging communications between application programs in & on eqavirmnment and
material specific to Type 20 fieldbus. The term “time-gfiti i S epresent the

This standard defines in an abstrac t 8 ible service provided by the

a) an abstract model y (objects) capable of being

c) the parameters as imitive’action and event, and the form which they

take; and
d) the interrelat@

1) the FAL uyg S ary between the user and the Application Layer of the Fieldbus
Reference

2) Systéms ment at the boundary between the Application Layer and Systems
Managen dbus Reference Model.

This standard specifigs the structure and services of the IEC fieldbus Application Layer, in
conformance with the OSI| Basic Reference Model (ISO/IEC 7498) and the OSI Application
Layer Structure (ISO/IEC 9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented Application
Service Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The
ASEs provide communication services that operate on a set of related application process
object (APO) classes. One of the FAL ASEs is a management ASE that provides a common
set of services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applications, how request and
responses are issued and delivered, they do not include a specification of what the requesting
and responding applications are to do with them. That is, the behavioral aspects of the
applications are not specified; only a definition of what requests and responses they can
send/receive is specified. This permits greater flexibility to the FAL users in standardizing
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such object behavior. In addition to these services, some supporting services are also defined
in this standard to provide access to the FAL to control certain aspects of its operation.

1.2 Specifications

The principal objective of this standard is to specify the characteristics of conceptual
application layer services suitable for time-critical communications, and thus supplement the
OSI Basic Reference Model in guiding the development of application layer protocols for time-
critical communications.

A secondary objective is to provide migration paths from previously-existing industrial
communications protocols. It is this latter objective which gives rise to the diversity of services
standardized as the various types of IEC 61158.

IEC/TR 611
Part 1: O

ISO/IEC 7498,
Model — Part 1:

nfoxmation technology — Open Systems Interconnection — Basic Reference
Mg Basic Model

ISO/IEC 8822, Information technology — Open Systems Interconnection — Presentation service
definition

ISO/IEC 8824, Information Technology — Abstract Syntax notation One (ASN-1): Specification
of basic notation

ISO/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets —
Part 1: Latin alphabet No. 1

ISO/IEC 9545, Information technology — Open Systems Interconnection — Application Layer
structure

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic Reference
Model — Conventions for the definition of OSI services
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3 Terms, definitions, symbols, abbreviations and conventions
For the purposes of this document, the following terms as defined in these publications apply:

3.1 ISO/IEC 7498-1 terms

a) application entity

b) application process

c) application protocol data unit
d) application service element
e) application entity invocation

f) application process invocation
g) application transaction

h) real open system

i) transfer syntax

3.2 ISO/IEC 8822 terms
a) abstract syntax

b) presentation context

3.3 ISO/IEC 9545 terms

a) application-entity-invocation
b) application-entity-type

c) application-process-invggation

d) application-process-t
e) application-service

3.4 ISOI/IEC 8§;§te
a) object identifie
b) type
3.5 IEC/TR

The follgx §8-1"terms apply.

3.5.1 applica

function or data structure for which data is consumed or produced

3.5.2 application layer interoperability

capability of application entities to perform coordinated and cooperative operations using the
services of the FAL

3.5.3 application object

object class that manages and provides the run time exchange of messages across the
network and within the network device

NOTE Multiple types of application object classes may be defined.
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3.5.4 application process

part of a distributed application on a network, which is located on one device and
unambiguously addressed

3.5.5 application process identifier

distinguishes multiple application processes used in a device

3.5.6 application process object

component of an application process that is identifiable and accessible through an FAL
application relationship. Application process object definitions are composed of a set of
values for the attributes of their class (see the definition for Application roces Object Class
Definition). Application process object definitions may be accessé€d remetely\using the

3.5.7 application process object class

a class of application process objects defined in ter, eir network-accessible

attributes and services

3.5.8 application relationship

cooperative association between two or_more ‘a i -invocations for the purpose of
exchange of information and coordinatijon of_theih ration. This relationship is activated
either by the exchange of icati a or as a result of pre-configuration
activities

3.5.9 application relzs

application-serv
terminating all apptica

the exclusive means for establishing and

3.5.11 attribute

description of an externally visible characteristic or feature of an object. The attributes of an
object contain information about variable portions of an object. Typically, they provide status
information or govern the operation of an object. Attributes may also affect the behaviour of
an object. Attributes are divided into class attributes and instance attributes

3.5.12 behaviour

indication of how the object responds to particular events. Its description includes the
relationship between attribute values and services

3.5.13 class

a set of objects, all of which represent the same kind of system component. A class is a
generalisation of the object; a template for defining variables and methods. All objects in a
class are identical in form and behaviour, but usually contain different data in their attributes
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3.5.14 class attributes

an attribute that is shared by all objects within the same class

3.5.15 class code

a unique identifier assigned to each object class

3.5.16 class specific service

a service defined by a particular object class to perform a required function which is not
performed by a common service. A class specific object is unique to the object class which
defines it

3.5.17 client

a) an object which uses the services of another (server) object tg.perform 2

R endpoint in
g as a server

3.5.18 conveyance path

unidirectional flow of APDUs across a

3.5.19 cyclic

term used to describe events which repeat ”@e la

3.5.20 dedicated AR

AR used directly by th
are transferred é

3.5.21 device

a collection epéndent information and functionality providing consistency between
similar devices © same device type

3.5.23 endpoint

one of the communicating entities involved in a connection

3.5.24 error

a discrepancy between a computed, observed or measured value or condition and the
specified or theoretically correct value or condition

3.5.25 error code

identification of a specific type of error within an error class
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3.5.26 management information
network-accessible information that supports managing the operation of the fieldbus system,

including the application layer. Managing includes functions such as controlling, monitoring,
and diagnosing

3.5.27 network

a series of nodes connected by some type of communication medium. The connection paths
between any pair of nodes can include repeaters, routers and gateways

3.5.28 pre-defined AR endpoint

AR endpoint that is defined locally within a device without use of the_lcreateNservice. Pre-
defined ARs that are not pre-established are established before being gsed

3.5.29 pre-established AR endpoint

its endpoints

3.5.30 server

a) role of an AREP in which it returns.a confi
initiated the request

definition of objectssp
are defined by a‘paypti

by a common service

A continuously varyipg electrical signal connecting a field device to the remainder of the data
acquisition or control system. Some field devices support multiple analog channels (input or
output). Each analog channel transmits a single dynamic variable to or from the field device.

3.6.2 broadcast address

A broadcast address is used by a master to send a command to all devices. The broadcast
address is five octet long and has all zeros as the value.

3.6.3 busy
The device is busy and cannot execute a command at the time. A device indicates busy by

returning response code 32 when allowed by the command specification. The requested
command is not executed if a busy response is returned.
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3.6.4 device ID

This indicates a serial number for the device. The manufacturer is required to assigned unique
value for every device that has the identical values for Manufacturer ID and Device Type.

3.6.5 device type

This indicates the manufacturer’s type of the device i.e. the product name. The value of this
attribute is assigned by the manufacturer. Its value specifies the set of commands and data
objects supported by the device. The manufacturer is required to assigned unique value to
each type of the device.

3.6.6 device variable

A uniquely defined data item within a Field Device that is always &
process information. A device variable's value varies in response tq
the process to which the device is connected.

With cyclical
iations in

3.6.7 dynamic variable

The connection between the process and an analog
secondary, tertiary, and quaternary variables. The
variables.

nay’ contain primary,
called the dynamic

3.6.8 long tag

It is a 32 character ISO Latin-1 string used to ide

3.6.9 loop current

The value measured b illi meterNinseries With the field device. The loop current is a
near DC analog 4-20 i rmynicate a single value between the control

system and the field de gvices use "Volts DC" as their engineering units
where "loop cur '-@
3.6.10 manufacture

This indicates G that produced the device. A manufacturer is required to use
the value a: i is not permitted to use the value assigned to another

3.6.11 maste

A device that initiates communication activity by sending request PDU to a device.

3.6.12 polling address

An integer used to identify the device. The polling address is used to construct one octet long
address.

3.6.13 slave

A device that initiates communication activity only after it receives a request PDU from a
master device and it is required to send a response to that request.

3.6.14 tag
The tag is a 8 character ASCII string used to identify the field device.
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3.6.15 unique address

This is a five octet long address of a device and it uniquely identifies the device among all
other devices that support this standard. It is a concatenation of the manufacturer ID, device
type and device ID.

3.7 Abbreviations and symbols

AE Application Entity
AL Application Layer
ALP Application Layer Protocol
APO Application Object

AP Application Process

APDU  Application Protocol Data Unit

API Application Process ldentifier

AR Application Relationship

AREP  Application Relationship End Point

ASCIl  American Standard Code for Informatio v\an

ASE Application Service Element

Cnf Confirmation
DL- (as a prefix) Data Link-
DLC Data Link Connection
DLL Data Link Layer
S i s Poj

SAP Service’Access Point
SDU Service Data Unit

VFD Virtual Field Device
3.8 Conventions

3.8.1 Overview
The FAL is defined as a set of object-oriented ASEs. Each ASE is specified in a separate

subclause. Each ASE specification is composed of two parts, its class specification, and its
service specification.

The class specification defines the attributes of the class. The service specification defines
the services that are provided by the ASE.
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3.8.2 Conventions for class definitions

Class definitions are described using templates. Each template consists of a list of attributes
for the class. The general form of the template is shown below:

FAL ASE: ASE Name

CLASS: Class Name

CLASS ID: #

PARENT CLASS: Parent Class Name

ATTRIBUTES:

1 (o) Key Attribute:  numeric identifier

2 (o) Key Attribute: name

3 (m) Attribute: attribute name(values)

4 (m) Attribute: attribute name(values)

4.1 (s) Attribute: attribute name(values)

4.2 (s) Attribute: attribute name(values)

4.3 (s) Attribute: attribute name(values)

5. (c) Constraint: constraint expression

5.1 (m) Attribute: attribute name(values)

5.2 (o) Attribute: attribute name(values)

6 (m) Attribute: attribute name(values)

6.1 (s) Attribute: attribute name(values

6.2 (s) Attribute: attribute ndme(val

SERVICES:

1 (o) OpsService: service namge

2. (c) Constraint: constraint expre

2.1 (o) OpsService: service-name %

3 (m) MagtService: i¢

(1) The "FAL ASE:" e ASE that provides the services for the class
being specifi

(2) The "CLASS:"

this template

3)

the FAL. The value "NULL" indicates that the class cannot be instantiated. Class IDs
between 1 and 5 are reserved by this standard to identify standardized classes. They
have been assigned to maintain compatibility with existing national standards. CLASS IDs
between 256 and 2048 are allocated for identifying user defined classes.
(4) The "PARENT CLASS:" entry is the name of the parent class for the class being
specified. All attributes defined for the parent class and inherited by it are inherited for
the class being defined, and therefore do not have to be redefined in the template for this
class.

NOTE The parent-class "TOP" indicates that the class being defined is an initial class definition. The parent class
TOP is used as a starting point from which all other classes are defined. The use of TOP is reserved for classes
defined by this standard.

(5) The "ATTRIBUTES" label indicate that the following entries are attributes defined for the
class.
a) Each of the attribute entries contains a line number in column 1, a mandatory (m) /

optional (o) / conditional (c) / selector (s) indicator in column 2, an attributgweuments
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in column 3, a name or a conditional expression in column 4, and optionally a list of
enumerated values in column 5. In the column following the list of values, the default
value for the attribute may be specified.

b) Objects are normally identified by a numeric identifier or by an object name, or by
both. In the class templates, these key attributes are defined under the key attribute.

c) The line number defines the sequence and the level of nesting of the line. Each
nesting level is identified by period. Nesting is used to specify

i) fields of a structured attribute (4.1, 4.2, 4.3),

ii) attributes conditional on a constraint statement (5). Attributes

iii) the selection fields of a choice type attribute (6.1 and 6.2

(6) The "SERVICES" label indicates that the following entrie
class.

a) An (m) in column 2 indicates that the service j
indicates that it is optional (c) in thig

d) The line numb
nesting level is

specify seryices
3.8.3 Conver@

3.8.3.1

d the level of nesting of the line. Each
) sting within the list of services is used to
raint statement.

Generd

This standard’use e conventions given in ISO/IEC 10731
The sery primitives, and time-sequence diagrams used are entirely abstract
description épresent a specification for implementation

3.8.3.2 Service parameters

Service primitives are used to represent service user/service provider interactions (ISO/IEC
10731). They convey parameters which indicate information available in the user/provider
interaction.

NOTE 1 See the note under 3.8.3.3 relative to the non-inclusion of service parameters that are appropriate to a
protocol specification or programming interface specification or implementation specification, but not to an abstract
service definition.

This standard uses a tabular format to describe the component parameters of the service
primitives. The parameters that apply to each group of service primitives are set out in tables
throughout the remainder of this standard. Each table consists of up to six columns: a column
for the name of the service parameter, and a column each for those primitives and parameter-
transfer directions used by the service. The possible six columns are

1) the parameter name;
2) the request primitive’s input parameters; Documents
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3) the request primitive’s output parameters;

NOTE 2 This is a seldom-used capability. Unless otherwise specified, request primitive parameters are input
parameters.

4) the indication primitive’s output parameters;
5) the response primitive’s input parameters; and
6) the confirm primitive’'s output parameters.

NOTE 3 The request, indication, response and confirm primitives are also known as requestor.submit,
acceptor.deliver, acceptor.submit, and requestor.deliver primitives, respectively (see ISO/IEC 10731).

One parameter (or component of it) is listed in each row of each table. Under the appropriate
service primitive columns, a code is used to specify the type of usage of the parameter on the
primitive specified in the column:

M  parameter is mandatory for the primitive

U parameter is a User option, and may or may not be provide
usage of the service user. When not provided, a default
assumed.

user.
— (blank) parameter is never present.
S parameter is a selected item.
Some entries are further qualified by items in brg

a) a parameter-specific constraink

b) an indication that s

3.8.3.3 Servi@r
The procedures are’d

support time-constrained communications services within the fieldbus Application Layer.
NOTE The IEC 61158-5 subseries of standards define sets of abstract services. They are neither protocol
specifications nor implementation specifications nor concrete programming interface specifications. Therefore there
are restrictions on the extent to which service procedures can be mandated in the parts of IEC 61158-5 subseries.
Protocol aspects that can vary among different protocol specifications or different implementations that instantiate
the same abstract services are unsuitable for inclusion in these service definitions, except at the level of
abstraction that is necessarily common to all such expressions.

For example, the means by which service providers pair request and reply PDUs is appropriate for specification in
an |IEC 61158-6 subseries protocol specification standard but not in an IEC 61158-5 subseries abstract service
definition standard. Similarly, local implementation methods by which a service provider or service user pairs
request and confirm(ation) primitives, or indication and response primitives, is appropriate for an implementation
specification or for a programming interface specification, but not for an abstract service standard or for a protocol
standard, except at a level of abstraction that is necessarily common to all embodiments of the specifying standard.
In all cases, the abstract definition is not permitted to over-specify the more concrete instantiating realization.

Further information on the conceptual service procedures of an implementation of a protocol that realizes the
services of one of the IEC 61158-5 subseries abstract service definitions can be found in IEC/TR 61158-1:2007,
9.6.
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4 Concepts

The common concepts and templates used to describe the application layer service in this
standard are detailed in IEC/TR 61158-1, Clause 9.

5 Data type ASE

5.1 Overview

Fieldbus data types specify the machine independent syntax for application data conveyed by
FAL services. The Fieldbus application layer supports the definition and transfer of both basic
and constructed data types. Encoding rules for the data types specifieg-in<this clause are
provided in IEC 61158-6 subseries.

Basic types are atomic types that cannot be decomposed in
Constructed types are types composed of basic types and other

Data types are defined as instances of the data type class,

( D%
Data type

(O

Fixed Length Ng

/
\@ked ASCII

N
\4

ISO Latin-1

Flat32
Float64

A/ A
17

Date

Enumeration

Bit Field

Figure 1 — Data type class hierarchy

The data type definitions are represented as a class/format/instance structure beginning with

data type class entitled "Data type". The formats for data types are defined by the data type
class.

The basic data classes are used to define fixed length data types. Standard types taken from
ISO/IEC 8824 are referred to as simple data types. Other standard basic data types are
defined specifically for Fieldbus applications and are referred to as specific types.
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The constructed types specified in this standard are strings, arrays and structures. There are
no standard types defined for arrays and structures.

5.1.1 Overview Of basic types

Most basic types are defined from a set of ISO/IEC 8824 types (simple types). Some ISO/IEC
8824 types have been extended for Fieldbus specific use (specific types).

Simple types are ISO/IEC 8824 universal types. They are defined in this standard to provide
them with Fieldbus class identifiers.

Specific types are basic types defined specifically for use in the Fieldbus environment. They
are defined as simple class subtypes.

bits.

NOTE Integer, Packed ASCII, ISO Latin-1 and Date are defined in t

5.1.1.1 Fixed length types
The length of Fixed length types is an integral nu

structures.

5.1.2.1 Strings

A string is composed
length elements{>

5.1.3 Specificatjo

The rules for encoding user data in FAL protocol data units is data type dependent. These
rules are defined in IEC 61158-6-20. User-defined data types for which there are no encoding
rules are transferred as a variable-length sequence of octets. The format of the data within
the octet string is defined by the user.

5.2 Formal definition of data type objects
5.2.1 Data type class

The data type class specifies the root of the data type class tree. Its parent class "top"
indicates the top of the FAL class tree.

FAL ASE: DATA TYPE ASE
CLASS: DATA TYPE

CLASS ID: Not used

PARENT CLASS: TOP Documents

Document Sharing Hub

Full document details: IEC 61158-5-20 2007


http://avadocuments2026.com/doc/iec-61158-5-20-2007
http://avadocuments2026.com/doc/iec-61158-5-20-2007

- 20 - IEC 61158-5-20:2007 © |IEC:2007

ATTRIBUTES:

1 (o) Key Attribute:  Data type Numeric ldentifier

2 (m) Key Attribute: Data type Name

3 (m) Attribute: Format (FIXED LENGTH, STRING, STRUCTURE, ARRAY)
4 (c) Constraint: Format = FIXED LENGTH | STRING
4.1 (m) Attribute: Octet Length

5 (c)  Constraint: Format = STRUCTURE

5.1 (m) Attribute: Number of Fields

5.2 (m) Attribute: List of Fields

521 (o) Attribute: Field Name

522 (m) Attribute: Field Data type

6 (c) Constraint: Format = ARRAY

6.1 (m) Attribute: Number of Array Elements

6.2 (m) Attribute : Array Element Data type

5.2.1.1 Attributes
Format

Octet Length

This conditional attribute defines the representation( of
object. It is present when the value of the format atttib

List of Fields

This conditional i
specified by its
order in which the

the field by numpen

3”are numbered sequentially from 0 (zero) in the
bo fields within a structure is supported by identifying
present when the value of the format attribute is

"STRUCTURE".
Field Na
This“sond al attribute specifies the name of the field. It may be present when
the valueQ at‘attribute is "STRUCTURE".

Field Data type

This conditional attribute specifies the data type of the field. It is present when the value
of the format attribute is "STRUCTURE". This attribute may itself specify a constructed
data type either by referencing a constructed data type definition by its numeric id, or by
embedding a constructed data type definition here. When embedding a description, the
Embedded Data type description shown below is used.

Number of Array Elements

This conditional attribute defines the number of elements for the array type. Array elements
are indexed starting at “0” through “n-1” where the size of the array is “n” elements. This
attribute is present when the value of the format attribute is "ARRAY".

Array Element Data type

This conditional attribute specifies the data type for the elements of an array. All elements of
the array have the same data type. It is present when the value of the format attribute is
"ARRAY". This attribute may itself specify a constructed data type either by referencing a
constructed data type definition by its numeric id. Documents
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5.3 FAL defined data types
5.3.1 Fixed length types

5.3.1.1 Integer8

CLASS: Data type
ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Integer8

3 Format = FIXED LENGTH

4.1 Octet Length = 1
This integer type is a two’s complement binary number with a length of one octet.

5.3.1.2 Integer16

CLASS: Data type
ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Integer16

3 Format = FIXED LENGTH

4.1 Octet Length = 2
This integer type is a two’s complement binary numb

5.3.1.3 Integer24
CLASS:
ATTRIBUTES:

1 Data type Numeric Identifier
2 Data type Name
3 Format

4.1 Octet Length

This integer type@

5.3.1.4 Integer32

CLASS:

ATTRIBUTES:

1 i = Not used

2 Integer32

3 FIXED LENGTH
4.1 4

This integer type isSatwo’s complement binary number with a length of four octets.

5.3.1.5 Unsigned8

CLASS: Data type
ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Unsigned8

3 Format = FIXED LENGTH

4.1 Octet Length = 1

This type is a binary number. The most significant bit of the most significant octet is always
used as the most significant bit of the binary number; no sign bit is included. This type has a
length of one octet.

5.3.1.6 Unsigned16

CLASS: Data type Documents
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ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Unsigned16

3 Format = FIXED LENGTH
4.1 Octet Length = 2

This type is a binary number. The most significant bit of the most significant octet is always
used as the most significant bit of the binary number; no sign bit is included. This unsigned
type has a length of two octets.

5.3.1.7 Unsigned24

CLASS: Data type
ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Unsigned24

3 Format = FIXED LENGTH

4.1 Octet Length = 3

This type is a binary number. The most significant bit of the
used as the most significant bit of the binary number; no™sj
type has a length of three octets.

5.3.1.8 Unsigned32

CLASS:

ATTRIBUTES:

1 Data type Numeric Identifier
2 Data type Name =
3 Format

4.1 Octet Length

This type is a binary

5.3.1.9 Float32

CLASS:

ATTRIBUTES;

1 = Not used

2 Float32

4 FIXED LENGTH
4.1 Octet Lenyg = 4

This type has a length of four octets. The format for Float32 is that defined by ANSI/IEEE 754
as single precision.

5.3.1.10 Float64

CLASS: Data type
ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Float64

4 Format = FIXED LENGTH

4.1 Octet Length = 8

This type has a length of eight octets. The format for Float64 is that defined by ANSI/IEEE
754 as double precision.

5.3.1.11 Date
CLASS: Data type Documents
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ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Date

4 Format = FIXED LENGTH
4.1 Octet Length = 3

This data type is consists of day, month and year minus 1900. This allows the representation
of any date between 1 January 1900 and 31 December 2155.

5.3.1.12 Enumeration

CLASS: Data type

ATTRIBUTES:

1 Data type Numeric Identifier = Not used

2 Data type Name = Enumeration

3 Format = FIXED LENGTH

4.1 Octet Length = 1

Data items that take on a single meaning from a list or table\are umeration.

This data type uses an unsigned integer of one octet len
reserved and not used by any service.

largest intéger value is

5.3.1.13 Bit Field
CLASS: Data type

ATTRIBUTES:

1 Data type Numeric Identifier =
2 Data type Name

3 Format

5.1 Octet Length

This data type is defined a
information encoded ag\si
data type.

5.3.2 String Tygs

5.3.2.1 Packed A
CLASS:

numbered from 0 to 7. Communication of
atus and diagnostic information) uses this

Data type

gdentifier = Not used

2 = Packed ASCII
3 = STRING
4.1 = 1ton

This type is a modified subset of the ASCII character code set. This subset is shown in the

Table 1.
Table 1 — Packed ASCII character set
0 1 2 3 4 5 6 7 8 9 A B D E F
0 @ A B C D E F H I J K L M N o
1 P Q R S T U \Y w X Y z [ \ 1 A _
2 SP ! " # $ % & ! ( ) * + - . /
3 0 1 2 3 4 5 6 7 8 9 < = > ?
NOTES
1. Most significant hexadecimal digit is top to bottom; least significant is left to right.
2. SPindicates a space character.
Documents
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5.3.2.2 1SO Latin-1
CLASS: Data type
ATTRIBUTES:
1 Data type Numeric Identifier = Not used
2 Data type Name = Latin-1
3 Format = STRING
4.1 Octet Length = 1ton
This type is a subset of the ISO 8859-1 (ISO Latin-1) string type. The subset is shown in the
Table 2.
Table 2 - ISO Latin-1 characters (\
0 1 2 3 4 5 6 7 8 9 A B €D E F
0
1
2 |sP ! " # $ % & ' ( ) K & , !
3 0 1 2 3 4 5 6 7 8 9 : ; \ = ?
4 |e A B o] D E F G H [ L M N o]
5 P Q R S T U v w X [ \ ] A _
6 ) a B c D e f g h i j k | m o
7 p q R s T u v w X m | } ~
8 V%
; Q
A NBSP ¢ £ i a « o SHY ® -
B ° + 2 3 s 1 ° » Ya VZ Ya A
o A A A A : = E E i i 1 i
D |p N o o U U 0 U Y p )
E & a a & & @ E é i i i i
F 5 fi o 6 U U a i y b )
NOTES \_/
3. Most sigr@t he tom; least significant is left to right.
4. SPindicat
5. NBSP indic
6. SHY indic£§\ .
5.4 Data X sgpecification
There are rvices defined for the type object.
5.5 Summary o ta types
This clause contains a summary of the defined data types as shown in Table 3.
Table 3 — Data type summary
Data type Clause Data type Clause
Integer8 5.3.1.1 Float32 5.3.1.9
Integer16 5.3.1.2 Float64 5.3.1.10
Integre24 5.3.1.3 Date 5.3.1.11
Integer32 5.3.1.4 Enumeration 5.3.1.12
Unsigned8 5.3.1.5 Bit Field 5.3.1.13
Unsigned16 5.3.1.6 Packed ASCII 5.3.2.1
Unsigned24 5.3.1.7 ISO Latin-1 5.3.2.2
Unsigned32 5.3.1.8
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6 Communication model specification

6.1 Common parameters

Many services have the following parameters. Instead of defining them with each service, the
following common definitions are provided.

AREP ID

This parameter specifies sufficient information to identify the AREP of the remote end of the
AR. One value of this parameter is reserved as broadcast address.

Comm Status

This parameter specifies information about the communication failure. ssible values of
this parameter are shown in the Table 4.

Table 4 - Comm status values<\

Value Description / AN = \

Vertical Parity Error The parity of one or more of the octets rgceb@h\b{th}%vic\%s\ncyodd.

Overrun Error At least one octet of data in the receiyé buffer ofthe HART was,overwritten before it
was read (i.e., the slave did not progess ipicoming actet fast engaigh).

Framing Error The Stop bit of one or more oc ré@éd y the deWice was not detected by the
UART (i.e. a markox 1 was detected when(a Stop bitshould have occurred).

Longitudinal Parity Error The LongitudinakParitycaléulated Ky the device-efd match the Check Octet at the
end of the messag

Buffer Overflow The message was )‘.eélong ?ogtﬁe\recéi\@ buffer of the device.

Device not available The client did notﬁ'eceiv;&{ny résp&&e from the server.

Response Code

Value \pescpi\ptic}r/
Success < \ Césqmaﬁsj (read or Write) was executed properly.

Warng\ \\ Comménd (Write) was executed with the deviation as described in response (e.g., a

lue was set to its nearest legal value).
Error N\ \ zﬁmmand (read or Write) was not executed properly. Response Code indicates the

reason (e.g., the device is in Write Protect mode).

Device Status

This parameter indicates the current operating status of the device as a whole and it is not
associated with the completion of any command. The possible values of this parameter are
shown in the Table 6.
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Table 6 — Device status values

Value Description

Device Malfunction The device detected a serious error or failure that compromises device operation.

Configuration Changed An operation was performed that changed the device's configuration.

Cold Start A power failure or Device Reset has occurred.

More Status Available More status information is available via another Read Command.

Loop Current Fixed The Loop Current is being held at a fixed value and is not responding to process
variations.

Loop Current Saturated The Loop Current has reached its upper (or lower) endpoint limit and cannot increase
(or decrease) any further.

Non-Primary Variable Out of Limits |A Device Variable not mapped to the Primary Variable is beyond its operating limits.

Primary Variable Out of Limits The Primary Variable is beyond its operating limit.

6.2 ASEs

6.2.1 Virtual field device ASE

6.2.1.1 Virtual field device class specification

The Virtual Field Device (VFD) is an abstract model for the
behavior of an Application Process. VFDs contai
described by object descriptions. Services are defin

shown in Figure 2.

deseygiptiomof the data and the
butés of an APO are
i a VFD's APOs, as

Bus Medium

Figure 2 — VFD model

The services define Mo concrete interface for an implementation. They describe in an abstract
form which functions may be used.

The application is not a subject of this standard. It should only be indicated, how the
abstractly described services may be made available to the application.

Only one VFD Object may be present in a device.
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6.2.1.2 Formal model

The VFD class specifies the attributes and services defined for application processes. Its
parent class "top" indicates the top of the class tree.

ASE: VFD ASE
CLASS: VFD

CLASS ID: —

PARENT CLASS: TOP

1. (0) Key Attribute: Not used

2. (m) Attribute: Manufacturer ID
3. (m) Attribute: Device Type

4. (m) Attribute: Device ID

5. (m) Attribute: Device Rev

6. (m) Attribute: Soft Rev

7. (m) Attribute: Hard Rev

8. (m) Attribute: Phy Type

9. (m) Attribute: Preamble Count
10. (m) Attribute: Device Flag

11. (m) Attribute: Command Rev
12. (m) Attribute: Variable Count
13. (m) Attribute: Config Change Coun
14. (m) Attribute: i
SERVICES:

1. (m) Ops Service: i

6.2.1.2.1 Attributes

Manufacturer ID
This attribute indicates

manufacturer.

Device Type

This attribute indiCate § y

of this attribute.is qssigne anufacturer. Its value specifies the set of commands and
data objects<suppe i gvice. The manufacturer is required to assigned unique value
to each type i

Device ID

This attribute indic a serial number for the device. The manufacturer is required to assign
a unique value for every device that has the identical values for Manufacturer ID and Device
Type.

Device Rev

This attribute describes the revision level of the device. The value of this attribute is defined
by the manufacturer. The value of this attribute describes the revision level of the set of
commands and data objects supported by the device.

Soft Rev

This attribute indicates the revision level of the firmware in the device. The manufacturer is
required to increment the value of this attribute for every new release of the device’s firmware.

Hard Rev

This attribute indicates the revision level of the device hardware. The manufacturer is required
to increment the value of this attribute for every major change of the device’s hardware. It is
not necessary to track individual hardware component changes.
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Phy Type
This attribute indicates the type of Physical layer signalling used by the device.

Preamble Count

This attribute indicates the minimum number of Preambles to be sent with the request
message from the Master to the Slave device.

Device Flag

This attribute indicates other information about the device such as multi-sensor, non-volatile
memory control, protocol bridge, etc.

Command Rev

can expect to be found in the device.

Config Change Count

to increment the value of this attribute every—ij ivs_a request to change the
configuration using Application Layer gegrvices a vice changes the device

6.2.1.3 Identify service

This service is usid to
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