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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-20: Application layer protocol specification —
Type 20 elements

FOREWORD
International Electrotechnical Commission (IEC) is a worldwide organization f i 3 prising
national electrotechnical committees (IEC National Commlttees) The gt i romote
intefnational co-operation on all questions concerning standardization in the e ¢ tronic figlds. To
this| end and in addition to other activities, IEC publishes International iCa ifigations,
nical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides [ € S s “IEC
Pulblication(s)”). Their preparation is entrusted to technical committees; a atjona nmijttee interested
in fhe subject dealt with may participate in this preparatory waork. \ d non-

governmental organizations liaising with the IEC also part|0|pate i i closely
itl the International Organlzatlon for Standardization (ISO 3 it iti ned by

The| formal decisions or agreements of IEC on technical matiers & v @S possible, an interpational
congensus of opinion on the relevant subjects since e i \iitee has representation from all

IEC| Publications have the form of recom ion3 internatiQnal use/ and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o-ensdre that the technical content| of IEC

Pulblications is accurate, i the way in which they are used or for any
mis|nterpretation by any end user
cations
sparently to the maxi i i i i icati . ivgrgence
veen any |IEC Publication Qnd| iona i icati indi¢ated in
latter
itself does not provide & } formity
asspssment ser e for any
seryices carried ®
6) All
7) No rts and
mef| and’lEC National Committees for any personal injury, property damage or
othg tsoever, whether direct or indirect, or for costs (including legal fe¢s) and
exp ication, use of, or reliance upon, this IEC Publication or any other IEC
Puh
8) Attgntion_i A atlve references C|ted |n this publication. Use of the referenced publicafions is
indi
9) Attgntion is_drawn_to the possibility that some of the elements of this IEC Publication may be the supject of
paté i . fratl 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 holglers. 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 profile parts. Use of the various protocol types in other
combinations may require permission from their respective intellectual-property-right holders.

International Standard IEC 61158-6-20 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

a) revised ldentify FAL PDU, see 5.3.2;
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b) revised Read device variables with status FAL PDU, see 5.3.9;

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

FDIS Report on voting
65C/607/FDIS 65C/621/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.

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.

A list| of all parts of the IEC 61158 series, published under the ge
commyunication networks — Fieldbus specifications, can be found on the

The cpmmittee has decided that the contents of this publicatiop

relatefl to the specific publication. At this date, the publicatio

* regonfirmed;

* withdrawn;

* replaced by a revised edition, or
* anpended.

NOTE 2 The revision of this standard will be sy iz& the other partg of the IEC 61158 series.

ustrial

H until
data
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INTRODUCTION

This part of IEC 61158 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 protocol provides the application service by making use of the services
available from the data-link or other immediately lower layer. The primary aim of this standard
is to provide a set of rules for communication expressed in terms of the procedures to be
carried out by peer application entities (AEs) at the time of communication. These rules for
communication are intended to provide a sound basis for development in order to serve a
variet} of purposes:

e as|a guide for implementors and designers;

e fof use in the testing and procurement of equipment;

e as|part of an agreement for the admittance of systems into thé~qpe ment;
e as|a refinement to the understanding of time-critical communicationsywi

This standard is concerned, in particular, with the communicati aRd iofe i nsors,
effectprs and other automation devices. By using thig 3 dards
positipned within the OSI or fieldbus reference models ojherwi ' 5 may

work fogether in any combination.

L
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-20: Application layer protocol specification —
Type 20 elements

1 Scope

1.1 |[General

The Hieldbus Application Layer (FAL) provides user programs with"\g { 5s the

fieldbdis communication environment. In this respect the FAL cam be\vi indow

betwelen corresponding application programs.”

This [standard provides common elements for basic critical

messaging communications between application progra nt and

mater|al specific to Type 20 fieldbus. The term i t the

presepce of a time-window, within which one or to be

completed with some defined level of certamty within

the time window risks failure of the app i risk to

equipment, plant and possibly human '}

This dgtandard defines in an abstract w isi i i Type

20 of

a) the abstract syntax defining icati protocol data units conveyed between
communicating apph fe

b) the transfer sy pplication layer protocol data units conveyed beftween
communicatk

c) th isible
between com

d) the¢ applicatio ip Stz i ini icati ior Visible
bs I\FeRtis

The p

a) thI wire-representation of the service primitives defined in IEC 61158-5-20, and

b) the externally visible behavior associated with their transfer.

This Btandard specifies the protocol of the Type 20 [EC fieldbus application layler, in
conformance with the OSI| Basic Reference Model (ISO/IEC 7498) and the OSI Application
Layer Structure (ISO/IEC 9545).

1.2 Specifications

The principal objective of this standard is to specify the syntax and behavior of the application
layer protocol that conveys the application layer services defined in IEC 61158-5-20.

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
protocols standardized in IEC 61158-6.
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1.3 Conformance

This standard does not specify individual implementations or products, nor does it constrain
the implementations of application layer entities within industrial automation systems.
Conformance is achieved through implementation of this application layer protocol
specification.

2 Normative references

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

IEC 60559, Binary floating-point arithmetic for microprocessor system

IEC/TR 61158-1:20101, Industrial communication networks — Fig 3 SP i Part 1:
Overview and guidance for the IEC 61158 and IEC 61784 serie

IEC 6[1158-5-20, Industrial communication networks —_Ej pexific 5-20:
Appligation layer service definition — Type 20 elements

ISO/IEC 7498-1, Information technolog g rence
Model: The Basic Model

ISO/IEC 8824-1, Information technologs
Specification of basic notation

SN.1):

ISO/IEC 8859-1, InformationNec¢hnolog 0 j sets —
Part 1. Latin alphabet A

ISO/IEC 9545, |
structlre

Layer

1 To be published.
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3 Terms, definitions, symbols, abbreviations and conventions
For the purposes of this document, the following definitions apply.

3.1 Terms and definitions from other ISO/IEC standards

3.1.1 Terms and definitions from ISO/IEC 7498-1

a) abstract syntax

b) application entity

c) application process

d application protocol data unit
e application service element
f)l application entity invocation
g application process invocation
h application transaction

i)] presentation context

j)] real open system

k] transfer syntax

3.1.2 Terms and definitions from ISO/IEC 9545
application-association
application-context
application context name
application-entity-invocation
application-entity-type

application-process-invocation
application-process-type
element

T QS0 00 T

application-servic

=
Q

©

=
2
Q
—
(@]
=}
(@]
o
5
~—
=
@)

3.1.3 Terms and d
a) object identifi
b} type @

c value

d] simple typ

e structuréd

f)

g

i)

i)

k

m)

n nulktype

o] sequence type
p Sequence of type

q) choice type
ry tagged type
s) any type

t)  module

u) production

3.1.4 Terms and definitions from ISO/IEC 8825

a) encoding (of a data value)

b) data value

c) identifier octets (the singular form is used in this standard)

d) length octet(s) (both singular and plural forms are used in this standard)
e) contents octets

3.2 IEC/TR 61158-1 terms

The following IEC/TR 61158-1 terms apply.
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3.2.1
application
function or data structure for which data is consumed or produced

3.2.2

application layer interoperability

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

3.2.3

application object
objectTtass—ttratmamages—and—provides theTumtime—excthangeof e
network and within the network device

gges across the

NOTE [ Multiple types of application object classes may be defined.

3.24
appligation process
part ¢f a distributed application on a network, which s Yocatedom on
unambiguously addressed

devicg and

3.2.5
appligation process identifier
identifier that distinguishes among multj

3.2.6
appligation process object
component of an application process
applicption relationship

NOTE | Application process object de '|t|ons are set of values for the attributes of their clajss (see

the definition for Applicatipn [ . Application process object definitions may be
accessged remotely using the sagviees e ect Management ASE. FAL Object Management servi¢es can
be usef to load or dp j iti t read\object definitions, and to dynamically create and delete
applicafion objects -‘@ i i inti

3.2.7

appligation proge 3

class |of appli at|n Proté jects” defined in terms of the set of their network-accgssible
attribdtes a

3.2.8

appligation-relatio

coopefrative assegiation between two or more application-entity-invocations for the purppse of

exchangefinformation and coordination of their joint operation

NOTE |[This relationship is activated either by the exchange of application-protocol-data-units or as a resulf of pre-
configuration activities

3.2.9

application relationship application service element

application-service-element that provides the exclusive means for establishing and
terminating all application relationships

3.2.10

application relationship endpoint

context and behavior of an application relationship as seen and maintained by one of the
application processes involved in the application relationship

NOTE Each application process involved in the application relationship maintains its own application relationship
endpoint.
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3.2.11
attribute
description of an externally visible characteristic or feature of an object

NOTE 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.

3.212

behaviour

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

3.2.13
class
set of|objects, all of which represent the same kind of system componen

NOTE | A class is a generalisation of the object; a template for defining variable Cts in a

class afe identical in form and behaviour, but usually contain different data in

3.2.14
class|attributes
attribdte that is shared by all objects within the same g

3.2.1§
class|code
uniqué identifier assigned to each object ¢

aS

3.2.16

class|specific service
service defined by a particular -object\ cla

performed by a common servics

pexform a required function which s not

NOTE e object class which defines it.

3.2.17
client
(@) a s,0f another (server) object to perform a task
to which a server reacts, such as the role of an AR endppint in
service request APDUs to a single AR endpoint acting as a

(b) a

3.2.18
convgyance-path
unidirgctional flow of APDUs across an application relationship

3.2.19
cyclic
term used to describe events which repeat in a regular and repetitive manner

3.2.20

dedicated AR

AR used directly by the FAL User. On Dedicated ARs, only the FAL Header and the user data
are transferred

3.2.21
device
physical hardware connection to the link. A device may contain more than one node
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3.2.22

device profile

collection of device dependent information and functionality providing consistency between
similar devices of the same device type

3.2.23
endpoint
one of the communicating entities involved in a connection

3.2.24

gcified

manag
netwofk-accessible information that supports managi ypet f the fieldbus system,
includjing the application layer

NOTE | Managing includes functions such as co

3.2.27%
netwark
series

NOTE | The connection paths b€

3.2.28
pre-defined AR endpoi
AR endpoint th

NOTE

3.2.2
pre-egtablis
AR endpoint
its endipoi

ontrol

3.2.3¢
server
a) roIT oflan” AREP in which it returns a confirmed service response APDU to the cIieTt that

initjated the request

b) an object which provides services to another (client) object

3.2.31

service

operation or function than an object and/or object class performs upon request from another
object and/or object class

NOTE A set of common services is defined and provisions for the definition of object-specific services are
provided. Object-specific services are those which are defined by a particular object class to perform a required
function which is not performed by a common service.

3.3 Type 20 fieldbus application-layer specific definitions

There are additional terms defined for this part.
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3.31

analog channel

continuously varying 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)

NOTE Each analog channel transmits a single dynamic variable to or from the field device.

3.3.2
broadcast address
broadcast address is used by a master to send a command to all devices

NOTE _The hroadcast address is five octet long and has all zeros as the valie

3.3.3
busy
device is busy and cannot execute a command at the time; device |
response code 32 when allowed by the command specification and t
not executed if a busy response is returned

Lirning
and is

3.3.4
device ID
serial [number for a device

NOTE | The manufacturer is required to assigned unique Yy ice_that has the identical values for
Manufalcturer ID and Device Type.

3.3.5

device type

manufacturer’s type of a device, e.q. its

NOTE | The value of this attribdte 8 ds and
data oRjects supported by the d ) s & U b of the
device.

3.3.6

devicg variabl

uniquely defined dg yclical
process informati 5 and

variatjons in the

3.3.7
dynanig
connelctio

NOTE | A device'ma
the dynjamicyvariables.

contain primary, secondary, tertiary, and quaternary variables. These are collectively called

3.3.8
long tag
32-character restricted ISO Latin-1 string used to identify a field device

3.3.9
loop current
value measured by a milli-ammeter in series with the field device

NOTE The loop current is a near DC analog 4-20 mA signal used to communicate a single value between the
control system and the field device. Voltage mode devices use "Volts DC" as their engineering units where "loop
current" values are used.

3.3.10
manufacturer ID
string identifying the manufacturer that produced a device
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NOTE A manufacturer is required to use the value assigned to it and is not permitted to use the value assi
another manufacturer.

3.3.11
master
device that initiates communication activity by sending request PDUs to other devices

3.3.12
polling address
integer used to identify a device

NOTE The polling address is used to construct a one-octet address.

gned to

3.3.13
slave
device that initiates communication activity only after it receives a re
device, and that is required to send a response to that request

3.3.14
tag
8-character ASCII string used to identify a field device

3.3.15
uniqule address

five-ogtet address of a device that unig
suppodrt this standard, formed by conca
ID

th

3.4 |Abbreviations and symbols

: d@e among all other devics
anufacturer 1D7 a device type and a dlevice

naster

s that

A Application €

A

A

A

A

A

A

A

A

A

AS$E

Cn Confirmation

DL- (as a prefix) data-link-
DLC Data-link connection

DLCEP Data-link connection endpoint
DLL Data-link layer

DLM Data-link-management
DLSAP Data-link service access point
DLSDU DL-service-data-unit

FAL Fieldbus application layer
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ID Identifier
IEC International Electrotechnical Commission
Ind Indication

MSB Most significant byte

LSB Least significant byte

OSlI Open Systems Interconnect
Req Request

Rsp Response

S P SUI V;UU AdAULUUU OO HU;IIt

ShuU Service data unit

VED Virtual field device
3.5 |[Conventions
3.5.1 General concept
The HAL is defined as a set of object-oriented ASEs. Eas harate
subclguse. Each ASE specification is composed o ‘ s, its
services, and its protocol specification. The first two are co . The
protoqol specification for each of the ASEs is defined i '
The glass definitions define the atfxibut . The
attribJtes are accessible from instances rvices
specifjed in IEC 61158-5-20. The servi vided
by the ASE.
This standard uses the d
3.5.2 Conventions
The data-link Ia@ nsists
of a |list of attriby ed in
IEC/TR 61158-1.
3.5.3
When| t ptiond tersMap" parameter is used, a bit number which corresponds to
each OPT
3.6 |Conventionsvised in state machines
The state'machines are described in Table 1

Table 1 — Conventions used for state machines

state_ _ conditions are met. The actions are always indented below
tran§|tlon events or conditions
applies

Current Event
# | condition Next state
state - .
=> action
Name of The Events or conditions that trigger this state transaction. The next
this current _ state after
transition |[state to => the actions
which this | The actions that are taken when the above events or in this

transition is
taken

The conventions used in the state machines are as follows:
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:= Value of an item on the left is replaced by value of an item on the right. If an item on the
right is a parameter, it comes from the primitive shown as an input event.

XXX A parameter name.

Example:
Identifier := reason
means value of a 'reason' parameter is assigned to a parameter called 'ldentifier.'

XXX Indicates fixed value.

Example:
|deTtifrer—="abT
means value "abc" is assigned to a parameter named 'ldentifier.’

A logical condition to indicate an item on the left is equal to 2

V_A

> >
o O
Q «Q
o o
L o
o o
o O
=} 5
Q o
o o
S5 S
—, o~
o O
e
Q o
o O
M O
— —
® O
O ©
S5 S
= =
® O
3 3
o O
S5 S
— —
5 =
® O
® O
- =
-
@ =
)

c »
17

~—

0

)

A

> A logical condition to indicate an item on the left i
&& Logical "AND"
[ Logical "OR"

This donstruct allows the execution of a sequ ; | sition.
The Iqop is executed for all values frof

Example:
fof (Identifier := start_value to end_value)
actions
er|dfor
This donstruct allows the execution of altemative a which
might [be the value of some identifie ome of a previous action) within one tranpsition.
Exarpple: Q
If (condition)
actions
elpe

actions

endif
Reads ribute
definilli5 hines.
It is a used
withoy

4 Apstract syntax

The abstract syntax of APDUs is combined with their transfer syntax and is specified in
Clause 5.

5 Transfer syntax

5.1 General

The sending Application Layer prepares an APDU to transfer it to the receiving Application
Layer. It uses the parameters from the service primitives to do so. There are several formats
of the APDU:

e Request APDU from Master to Slave device,

e Normal response from Slave to Master device,
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e Command error response from Slave to Master device, and

e Communication error response from Slave to Master device.

The format and coding rules for all APDUs are specified in this clause.

5.2 Common APDU structure

All APDU have a common structure as shown in Figure 1.

Command Octet count Data

Figure 1 — APDU format

5.2.1 Command

The fifst octet of an APDU is Command. The Command is the ar|a ‘
the olject in the Slave that has to be read or written. Its d LY \

5.2.2 Octet count

The sgcond octet of an APDU represents the n

5.2.3 Data

This is the user data which is tranferr
Applidation layer assemblés\i
paran|eters of a service pH

5.2.3.1 Master to s
Figurg 1 shows@
containing a single’ g

Varialjle Sub Ind
Slave|objects idextified\b

layer fields that are used for a Master r¢g
gr. For a Read service, Data field is either null
Data field is the value that has to be written

5.2.3.2 3 am slave to master
Figurg of the application layer fields that are used for a responss
Slavel|to
C8mmand Octet count Response Device value
code status

ntifies

ype of

is null.

. The
it into

quest
Dr it is
to the

2 from

Figure 2 — Normal response from slave to master

The Slave sends this APDU in response to a request from Master. The value of Command
field in this APDU is identical to the Command field in the corresponding request APDU. The

Octet Count is number of octets in Value field plus two. Thus, its minimum value is 2.

Response Code field is Enumeration data type and it indicates the successful completion of
the requested command as shown in Table 2. Some of the values depend upon the value of
Command field. Each service-specific APDU structure in 5.3 shows the values assigned to
that service. A device is required to use these values. The device can respond with an unused

value as long it indicates a condition that is not defined in this standard.
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Table 2 — Response code values

Value Class Definition
0 Success Command (read or Write) was executed properly.
1-127 | Warning Command (Write) was executed with the deviation as described in response (e.g., a
value was set to its nearest legal value).
1-127 | Reserved | A code may be reserved for future use by this standard protocol. A device is not
permitted to return reserved value.

Device Status field is Bit Field data type and it indicates the current operating status of the

respowding device as a whale and is not assaociated with the r‘nmlnlptinn of any comma nd, as

shown in Table 3.

Table 3 — Device status values

AN

Bit mask Definition \ >

0x80 Device Malfunction — the device detected a serious error or faiflre t xompromises device
operation.

0x¢40 Configuration Changed — an operation was performed thé\cha Q twice'%configuratior.

0x20 Cold Start — a power failure or Device Reset has oycﬁ@\ N \

0x10 More Status Available — more status information (s av@/i@ble \h‘a\ana‘he{}%ad Command.

0x08 Loop Current Fixed — the Loop Cuyrrent is being M fi value_and is not responding to
process variations. /Ll\

0x04 Loop Current Saturated — the Loop_CurrentNyas r cheWr (or lower) endpoint limit and
cannot increase (or decrease) any fthenr

0x02 Non-Primary Variable Out of Limits — evice\VaxjableNyot mapped to the Primary Variable i
beyond its operatipq limits.

0x01

If the Fesponse i

Primary Variabl@u%&%itw\miwv‘a\q@e is beyond its operating limit..
N \J

lue field is used for the value of the objects that

are refad from ice. i response is for a Write request, then this field is usjed for

the v4
in the
value.

5.2.3.

Figure
Slave
exist.

ittenNn the Slave device. It is same as the value re¢eived
ived was not permitted and the server wrote a different
n in the Slave device.

of the application layer fields that are used for a response¢ from
e is an error in executing the command. The Value field dogs not

Command Octet count Response Device status

=2 Tode

Figure 3 — Command error response from slave to master

The responding device sends this APDU in response to a request from Master. The value of
Command field in this APDU is identical to the Command field in the corresponding request
APDU. The Octet Count field is set to two (2).

Response Code field is Enumeration data type and it indicates the reason for the error. The
range of its value is 1 — 127. Some of the value depends upon the value of Command field.
Each service-specific APDU structure in 5.3 shows the values assigned to that service. A
device is required to use these values. The device can respond with an unused value as long
it indicates a condition that is not defined in this standard. (The response code values are
given in Table 4.)
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Table 4 — Response code values

Value Class Definition

1-127 Error Command execution was not properly completed and the Response Code indicates the

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

1-127 Reserved | A code may be reserved for future use by this standard protocol. A device is not

permitted to return reserved value.

Device Status field is Bit Field data type and it indicates the current operating status of the
responding device as a whole and is not associated with the completion of any command, as
shown in Table 3.

5.2.3.4 Communication error response from slave to master

Figurg 4 shows the format of the application layer fields that are us€d for(asresponse from
Slave|to Master, when there is a communication error in receivingt eSHODLPRU. The
Valuelfield does not exist. <\
Command Octet count Comm en{ vi tatus
(=2)
Figure 4 — Communication error fICBn shave to master
The re¢sponding device sends this APD requgst from Master. The vdlue of
Command field in this APDU is identic i in the corresponding request
APDU|. The Octet Count field is set to/two (2). Cofn ror field is Bit Field data type|and it
indicates the reason for the error as shown
[\ able 5 - Co on error codes

Bit mask \ \ \ Definition

0x80 1- Tw/i\gt{vays ) to\wo Ncéé a communication error

0x40 Vertical/@tykf{owhe\péﬁ{}of/one or more of the bytes received by the device was not qdd.

0x20 Overrtyn ENonc At as?‘akeagy(e of data in the receive buffer of the UART was overwritten bg¢fore

it/we{r d (i,esnthe stqve did not process incoming byte fast enough).
0x10 Th y the

amin}%r W Bit of one or more bytes received by the device was not detected b
/\ UART f{ie."a¥marxk or T was not detected when a Stop Bit should have occurred)

N¢:
udﬁk:\ arify Error — The Longitudinal Parity calculated by the device did not match the
y

0x08 Longit
bh@k Byte, at the end of the message.
0x04 Resewt to zero
0x02 Buffer Overflow — The message was too long for the receive buffer of the device.
0x01 Reserved, it is set to zero
5.3 Service-specific APDU structures

5.3.1

HCF enumerations

A number of data structures use enumerations which are controlled by the HART
Communications Foundation (HCF). HCF maintains current lists of these enumerations.

5.3.2

Identify FAL PDU

5.3.21 Request primitive

The value of Command field can be either 0 or 11 or 21. The APDU format is shown in

Table

6.
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Table 6 - Identify request APDU

Command Octet count Data
0 0 Null
11 6 Tag (Packed ASCII)
21 32 Long Tag (Latin-1)

If the value of Command field is 0, then Value field is null. If the value of Command field is 11,
then Value field contains six octet value of Tag parameter. If the value of Command field is 21,

then Value field contains 32 octet value of Long Tag parameter.

5.3.2.p Response primitive

The Value field of ldentify response is shown in Table 7. The Respg

shown in Table 8.

S are
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Table 7 — Identify response value field
Octet Parameter Lo
offset Data type name Description
0 Unsigned8 None is always 254
1 HCF Expanded is a 2-octet enumeration and indicates the manufacturer’s type of
enumeration Device Type the device. The manufacturer shall assign a unique value for every
device type.
3 Unsigned8 Preamble indicates the minimum number of Preambles to be sent with the
Count request message from the Master to the responding device
4 Unsigned8 Command Rev | indicates the major revision level of the Protocol supported by the
devite
5 Unsigned8 Device Rev describes the revision level of the dewce e value\qf this
parameter shall be defined by the manufact rer(\
6 Unsigned8 Soft Rev indicates the revision level of the fir eNp th de
manufacturer shall increment the valtie of\this_par for very
new release of the device’s fir
7 Bit Field Hard Rev a) the five most significant hi res e revigion
level of the device hardwafe fac ure shall increment the
Phy Type value of this attribute for & e device’s
hardware. It is not n ardware
component changgs
b) the least three ‘si tet represent the type of
PhL signallinée\s\
8 Bit Field Device Flag nd|c es< ther i forma |on e device such as multi-sensor,
y,'control, pr ocol bridge, etc.
9 Unsigned24 Device ID icates a seri er for the device. The manufacturer shjall
SSIg umq every device that has the identical yalues
for M tureN D ang’Expanded Device Type
12 Unsigned8 P am}k\( di ate imadm number of preambles to be sent with the
r\Cou t response messgge from the slave to the master
13 Unsigned8 Vatiaghle ifi Mximum number of objects (variables) that can|be
Count rom the device. The value of this parameter indicafes
ariable code that a Client application can expect to Qe
fouhd in the device
14 Unsigned1 Coxfig atic;ﬁ/\ %s track of number of device configuration changes. The device
Change-Cqunt hall increment the value of this parameter every time it receiyes a
request to change the configuration using application layer
services, or a user of the device changes the device configuration
using local mean such as local operator’s interface
16 Bit Fiel De\ice indicates the extended operational status of the device
Exta@Status
17 HCF Manufacturer is a 2 octet enumeration and indicates the manufacturer that
enumeratio ID produced the device. It shall be unique for Type 20 devices that are
within one network and are in range of other networks
19 HCF Distributor is a 2 octet enumeration and indicates the private label
enumeration code manufacturer that distributed the device. It shall be unique for Type
20 devices that are within one network and are in range of other
networks
21 HCF Device profile specifies the class to which the device belongs

enumeration

Table 8 - Identify command specific response codes
Value Class Description
Success No error
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5.3.2.3
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Procedure at responding device

If the request contains a Tag or Long Tag, then the device has to compare it with the Tag or
Long Tag stored in the device. The device shall respond only if the value in request matches
the value stored in the device.

5.3.3 Read primary variable FAL PDU
5.3.31 Request primitive
The value of Command is one (1); the value of Octet Count field is zero (0) and Data field is
null.
5.3.3.2 Response primitive
The Malue field of response is shown in Table 9. The Response Co aluyes are)shqwn in
Table|10.
Table 9 — Read primary variable respons@ue\ie
Cosergiien
0 HCF Primary This parameter represents the engineering, unit of primary vatiable.
enumeration Variable Unit (%
1-4 Float32 Primary Itis the current Mo primary variable.
Variable /\

Table 10 — Read primary v%ble\m\ an
(SN

N/

specific response codes

Value

Class

M;ription

Success
N

U \§

error

\Qevic(-i-%cifi Comsnahd Error

b

ces&&

es}}cted

5.3.4

N/
\nd\pezent of range FAL PDU

5.3.4.
The v wo (2); the value of Octet Count field is zero (0) and Data fjeld is
null.
5.3.4.2 Response primitive
The Value Tield of response 1S shown In Table T1. The Response Code values are shown in
Table 12.
Table 11 — Read loop current and percent of range value field
Octet Parameter L
offset Data type name Description
0-3 Float32 Loop Current It is the current value of the output of the device — either loop
current in milli-amperes or voltage output in volts.
4 -7 Float32 Primary It is the current value of primary variable in percent of range. It
Variable tracks the primary input to the device. Its value can be outside the
normal range of 0% to 100%.
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Table 12 — Read loop current and percent of range command specific response codes

Value Class Description
0 Success No error
6 Error Device-Specific Command Error
8 Warning Update Failure
16 Error Access Restricted

5.3.5

Read dynamic variables and loop current FAL PDU

5.3.5.1

The value of Command is three (3); the value of Octet Count field is zé

null.

5.3.5.2

The Malue field of response is shown in Table 13. The R
14. If a device does not support all four variable
numbér of variables that the device supports.

Table

Request primitive

Response primitive

ata field is

es are shown in
onsg contains only the

In that case\thé~gemaining fields are absent

from the response.
Table 13 — Read dynan@%é}w
Octe Parameter l .
offsek Data type name \ Description
0-3 Float32 Loop~Current is the curgent the output of the device — either loop
/\\Qu entsumifli- -amperes or voltage output in volts.
4 HCF rim parameter represents the engineering unit of primary variable.
enumeration |a}{ Un|t
5-8 Float32 rimary tWrrent value of primary variable.
ariabl
9 HCF ondar. \/\\(h)'gparameter represents the engineering unit of secondary
enumerey%\l\ bl Nyariable.
10 — 13 Float32 con It is the current value of secondary variable.
\ar
14 C t|a|W This parameter represents the engineering unit of tertiary varjable.
< en ra?kn\ Va iable Unit
15 - 18 t32\ iary It is the current value of tertiary variable.
Variable
19 HCF Quaternary This parameter represents the engineering unit of quaternary
enumeration | Variable Unit variable.
20-2 Float3Z Quaternary T 1S the current value of quaternary variaple.
Variable

Table 14 — Read dynamic variables

and loop current command specific response codes

Value Class Description
0 Success No error
6 Error Device-Specific Command Error
8 Warning Update Failure
16 Error Access Restricted
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5.3.6
5.3.6.1
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Write loop configuration FAL PDU

Request primitive

The value of Command is six (6); the value of Octet Count field is two (2) and Data field is as
shown in Table 15.

Table 15 — Write polling address value field

Octet Parameter L
offset Data type name Description
0 Enumeration Pollina This 'r_\nrnmnfnr rn'r_\rnennfe the - data=link-address-of the device.
Address /\
1 Enumeration | Loop Current This parameter encodes the loop current de as sh
Mode Table 16.
Table 16 — Loop current mode co%\\\
Value Descrlptlon \
0 Disabled \\/
1 Enabled [ N D
251 None A"/ A
252 Unknown { (N &YW
253 Device specific \ \_/
5.3.6.2 Response primitive v
The Malue field of respon ble 15 e Response Code values are shgwn in
Table|17.
Tabl@— rite command specific response codes
Value Iass \/\ Description
0 u&g\ Noverrof
2 ( \R\( R Inyalid Poll Address
y\\ gr\or Too few data bytes received
6 \E\Q\/ Device-Specific Command Error
7 Error In write protect mode
12 EM Invalid mode selection
16 Error Access Restricted
32 Error Busy
5.3.6.3 Procedure at responding device

A devices is required to disable loop current signalling when requested by Master. When
current signalling is disabled, the loop current is set to the minimum value required for field
device operation. The field device status bit 4 as shown in Table 3, Loop Current Fixed, is set

to ‘1’
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5.3.7 Read loop configuration FAL PDU
5.3.71 Request primitive
The value of Command is seven (7); the value of Octet Count field is zero (0) and Data field is
null.
5.3.7.2 Response primitive
The Value field of response is shown in Table 11. The Response Code values are shown in
Table 12.
Table 18 — Read loop configuration value field (\
N
ccy)f‘f::t Data type Pa:‘:":‘iter Descrip}b&& “
0 Enumeration | Polling This parameter represents the -link address’of eM&.
Address 8&*\

Enumeration

Loop Current
Mode

This parameter encodes
Table 16.

S¥op\cursent Modd as shown in
LRI

Table 19 — Read loop configuration command)specifi

nse codes

N\ A\
Value Class /\ A > De{cri@ ‘\}
0 Success No error \ \ /
16 Error Access R?{tﬁ:ted

5.3.8
5.3.8.

The v
null.

5.3.8.

The
Table

d dynamic variable families classifications value field

%ifica ions FAL PDU

of Octet Count field is zero (0) and Data fi

eld is

wn in

Octe Parameter L
offseF Data type name Description
1
0 HCF Primary This parameter indicates the function performed by the device
enumeration Variable variable.
Classification
1 HCF Secondary This parameter indicates the function performed by the device
enumeration | Variable variable.
Classification
2 HCF Tertiary This parameter indicates the function performed by the device
enumeration | Variable variable.
Classification
3 HCF Quaternary This parameter indicates the function performed by the device
enumeration Variable variable.

Classification
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Table 21 — Read dynamic variable families classifications command specific response

codes
Value Class Description
0 Success No error
16 Error Access Restricted
5.3.9 Read device variables with status FAL PDU
5.3.91 Request primitive

The vhlue of Command is nine (9); the value of Octet count field is one to

and it

is equjal to number of requested variables. The request Value field is shown in ler22’
Table 22 — Read device variables with status request
Octet Data type Parameter \/
offdet name
0 Unsigned8 Slot 0 This parameter is the codﬁé‘sﬂ\@d t&\}ewc va\agle
1 Unsigned8 Slot 1 This parameter is the}o@s@%o\@c%anable
2 Unsigned8 Slot 2 This parameter is the code assigned to a device variable
3 Unsigned8 Slot 3 This paramet%r;\s k\he}o;/e %s@l\qd tMevice variable
4 Unsigned8 Slot 4 }fﬁ‘s\earayé&r isXhe cédeé\sélgr‘l\eyo a device variable
5 Unsigned8 Slot 5 }1‘\3 pa Ner is\the c&@ assig)\ed to a device variable
6 Unsigned8 Slot 6 Tpiﬁarar%&@\'\s thexcode assigned to a device variable
7 Unsigned8 Slot 7 T(@is pér ete}i{}\gcae assigned to a device variable
5.3.9.p
The Malue field of respo le Z3. The Response code values are shgwn in
Table|25.
ge\ vice variables with status value field
A\
Octet] L
offsef % a Description
0 Bit Field D vic%s) This parameter indicates the extended operational status of thé
N \Ext Stat device
1 \ngg\n% \“@ria le Code | This is the code received in request at Value field for slot 0
2 HCF. Variable This indicates the function performed by the device variable for slot 0
enumerati ctlassification as specified in IEC 62591(Ed.1.0), Table F.4
3 HCF Variable Unit This represents the engineering unit of variable for slot 0 as
enumeration specified in ANNEX F TBD
4 Float32 Variable Value | Itis the current value of variable for slot 0
8 Bit Field Variable This represents the status of variable for slot 0 as specified in
Status Table 24
9 Unsigned8 Variable Code This is the code received in request at Value field for slot 1
10 HCF Variable This indicates the function performed by the device variable for slot 1
enumeration classification as specified in ANNEX F TBD
11 HCF Variable Unit This represents the engineering unit of variable for slot 1 as
enumeration specified in ANNEX F TBD
12 Float32 Variable Value | It is the current value of variable for slot 1
16 Bit Field Variable This represents the status of variable for slot 1 as specified in
Status Table 24
17 Unsigned8 Variable Code This is the code received in request at Value field for slot 2
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Octet Parameter Lo
offset Data type name Description
18 HCF Variable This indicates the function performed by the device variable for slot 2
enumeration classification as specified in ANNEX F TBD
19 HCF Variable Unit This represents the engineering unit of variable for slot 2 as
enumeration specified in ANNEX F
20 Float32 Variable Value | It is the current value of variable for slot 2
24 Bit Field Variable This represents the status of variable for slot 2 as specified in
Status Table 24
25 Unsigned8 Variable Code This is the code received in request at Value field for slot 3
26 HCF Variable This indicates the function performed by the device variable jof slot 3
enumeration classification as specified in ANNEX F TBD ﬁw\
27 HCF Variable Unit This represents the engineering unit of v slot
enumeration specified in ANNEX F TBD
28 Float32 Variable Value | It is the current value of variable for sI t 3
32 Bit Field Variable This represents the status of vafjable Iot d in
Status Table 24
AN
33 Unsigned8 Variable Code This is the code received in qtbs\t Wieléfor slot 4
N\
34 HCF Variable This indicates the fynction p rimed by the device variable for slot 4
enumeration classification as specified in ANNEX F‘T;BD
35 HCF Variable Unit This represents t e\e,ng% eerfhg unihof variable for slot 4 as
enumeration syé&Qed in ANNEX F TBD
N
36 Float32 Variable Value | Its the'surbent valye'of Nariable fbr slot 4
40 Bit Field Variable Thj presents\the status of variable for slot 4 as specified in
Status Table ZA\
41 Unsigned8 Vari Code Th\iis }‘1\9 c}bﬁje r&s{Min request at Value field for slot 5
42 HCF Vari |cates th nction performed by the device variable fof slot 5
enumeration SSIfI tion \is sp cified in ANNEX F TBD
43 HCF ariable repr ents the engineering unit of variable for slot 5 as
enumera{é& specified j# ANNEX F TBD
44 Float32 W V}t{e t is%e current value of variable for slot 5
v AN
48 Bit Field Variable IS represents the status of variable for slot 5 as specified in
X@tus able 24
49 Uns ne \@rﬁbl\e C}x;e This is the code received in request at Value field for slot 6
50 N\VaNable This indicates the function performed by the device variable for slot 6
tl% classification as specified in ANNEX F TBD
51 Mle Unit This represents the engineering unit of variable for slot 6 as
enumeration specified in ANNEX F TBD
52 Float32 Variable Value | Itis the current value of variable for slot 6
56 Bit Field Variable This represents the status of variable for slot 6 as specified in
Status Table 24
57 Unsigned8 Variable Code This is the code received in request at Value field for slot 7
58 HCF Variable This indicates the function performed by the device variable for slot 7
enumeration classification as specified in ANNEX F TBD
59 HCF Variable Unit This represents the engineering unit of variable for slot 7 as
enumeration specified in ANNEX F TBD
60 Float32 Variable Value | It is the current value of variable for slot 7
64 Bit Field Variable This represents the status of variable for slot 7 as specified in
Status Table 24
65 Time Time stamp Slot 0 data time stamp

Variable Status field is Bit Field data type and it provides the quality status of the variable. Its
encoding is shown in Table 24.
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Table 24 — Variable status values

Bit mask Definition

0xCO0 These two bits are encoded to show the quality of the input process data:
11: good
01: poor accuracy
10: manual or fixed
00 bad

0x30 These two bits are encoded to show the limit status of the variable:
11: constant
01: low limited
46+ higirtimited
00 not limited

0x08 If this bit is ‘1’ then it indicates that more status values are available by evice\speciffc

objects
0x07 The meaning of these bits is specific to the device family

—

able 25 — Read device variables with status commznép\\flcléi\s}codes

Value Class p&ﬁr@\\

Success No error (

Error Invalid sel;gtion (\\// /\

Error Too fewdata teére;\ceiqed \ \-) )\/
ror\_/

Error Device-Spc@c N}\Qnd

ooy N| O

Warning Update F iIure/\

14 Warning Dynamic &erat}igs\re{urréxk}uﬁvice variables

16 Error \ \\c(cess r\\\\ed\) \\/
30 Warniﬁﬁ\ Comm \pQ\se\_Ly/cated

5.3.9.8

If the [ d with

error

The d

If a Mariabte_reguesteth i ice, i J, the
correg

Variable€Classification field has to be set to ‘0’;

Variable Unit field has to be set to ‘250’;

Variable Value field has to be set to a floating point value of ‘Not-a-number’ (0x7F, 0xAO,
0x00, 0x00); and

Variable Status field has to be set to 0x30.

If the Variable classification is not supported for a requested variable, then Variable
classification field in the response APDU for that variable has to be set to ‘0’ (not yet
classified) and the respond code shall be set to ‘14’.

The device shall support at least four slots.
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The value of Command is twelve (12); the value of Octet Count field is zero (0) and Data field

is null.

5.3.10.2

Response primitive

The Value field of response is shown in Table 26. The Response Code values are shown in
Table 27.

Table 26 — Read message response value field (\

offset

Data type

Parameter
name

Descrip?'oKQ &

Packed

ASCII

Message

This is the value of Message S?&Qt\m\fbke\\

Table 27 — Read message command%@ws

Value

Class

CEIT o,

Success

No error

16

Error

32

Error

Busy

(A
Access @st%@d« ) (
N

IS
O
N

5.3.11
5.3.11.1

field i

5.3.11.

The V|
Table

The vhlue of CO{S:I

Read tag, descrip

Request primi

Data

wn in

Octe \‘\/ Parameter -
offsek Data ty name Description
0-5 Packed Tag This is the value of Tag stored in the device.
ASCII
6-17 Packed Descriptor This is the value of Descriptor stored in the device.
ASCII
18 — 20 Date Date This is the value of Date stored in the device.

Table 29 — Read tag, descriptor, date command specific response codes

Value Class Description
0 Success No error
16 Error Access Restricted
32 Error Busy
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5.3.12 Read primary variable transducer FAL PDU
5.3.12.1 Request primitive

The value of Command is fourteen (14); the value of Octet Count field is zero (0) and Data
field is null.

5.3.12.2 Response primitive

The Value field of response is shown in Table 30. The Response Code values are shown in
Table 31.

Table 30 — Read primary variable transducer information respon(s’ew field

N
Octe Parameter L
offsek Data type name Descnp?d&& &

0-2 Unsigned24 Transducer This is the value of Transducer ial
Serial Number

—

S

3 HCF Transducer This is the code for Transducer DNmits.an M|n um\épan Un
enumeration Unit \

4 -7 Float32 Upper It is the value of Upper Transd rﬁmit ar\{e
Transducer
Limit

8- 11 Float32 Lower the va of ower Traﬁs}ucer imit variable.
Transducer
Limit

12 - 15 Float32 Minimum Span I}A%he v\ M| um Span variable.
Table 31 — Read prim s |nf mation command specific respgnse
codes
Value Ciess Description

0 SL}%&\ Noé‘\or
16 Eregr Adsess Restricted
32 Erh\r B\sy }

k&}ding device

If the [Transdu Number is not applicable to the device, then the device shall respond
with fgllowin

5.3.12.3

a. Trpnsducer Serial Number equal to ‘0’;

b. Transducer Unit equal to ‘250’;
c. all other values equal to a floating point value of ‘Not-a-number’ (0x7F, 0xAQ, 0x00, 0x00).

5.3.13 Read device information FAL PDU
5.3.13.1 Request primitive

The value of Command is fifteen (15); the value of Octet Count field is zero (0) and Data field
is null.
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5.3.13.2 Response primitive

The Value field of response is shown in Table 32. The Response Code values are shown in
Table 33.

Table 32 — Read device information response value field

Octet Parameter L
offset Data type name Description
0 HCF PV Alarm This the value of PV Alarm Selection. It indicates the action taken
enumeration | Selection by the device under error conditions. For transmitters, the code
indicates the action taken by the Loop Current. For Actuators, the
action taken by the positioner is indicated.
1 HCF PV Transfer This the value of PV Transfer Function. If devicedees'no
enumeration Function support transfer functions, then this val eis ‘0‘
2 HCF PV Range Unit | This the value of PV upper and lowef Uni
enumeration
3-6 Float32 PV Upper PV Upper Range Value
Range
7-10 Float32 PV Lower PV Lower Range Value \ \)
Range
11 - 14 Float32 PV Damping PV Damping Valye in ﬂonds
15 HCF Write Protect Thls the valye o rofect. If deV|ce does not implemjent
enumeration prot en t alue |s
16 HCF Private Label is the value rivat Label istributor. Its default value ig| the
enumeration Distributor fact er ID
17 Bit Field PV Analog his the value,of' RV Ahalog Channel flags.
Channel

-‘

n command specific response codes

Table 33 - R &'g{ic
S

(”\
Value Clag

0 Nedeperd | NeEmX \
16 )Zr(}c\ Ac&aés\tge fricted
osy

32 rr&\

Description

5.3.14

5.3.141

The valueof\Com
is null

d is sixteen (16); the value of Octet Count field is zero (0) and Datp field

5.3.14.2 Response primitive

The Value field of response is shown in Table 34. The Response Code values are shown in
Table 35.

Table 34 — Read final assembly number response value field

Octet Parameter .
offset Data type name Description
0-2 Unsigned24 Final Assembly | This is the value of Final Assembly Number

Number



https://iecnorm.com/api/?name=dc6653908fda06518691790825575a2a

61158-6-20 © IEC:2010(E)

— 33 -

Table 35 - Read final assembly number command specific response codes

Value Class Description
0 Success No error
16 Error Access Restricted
32 Error Busy

5.3.15 Write message FAL PDU

5.3.15.1 Request primitive

The vhplue of Command is seventeen

(17); the value of Octet Count fiel nty=fol

r (24)

and Dpta field is as shown in Table 36.
Table 36 — Write message value field
Octel | poggeype |  Parameter esserntos O\ N
0-23 Packed Message This is a string usMrean
AScClI
(TS
5.3.159.2 Response primitive 6
The Malue field of response is shown sponse Code values are shown in
Table|37.
Table 37 —N message %an spécific response codes
Value C|RS N ~ ) Description

0 Succé\ss o er%{

2 Er}r 2 |nv}rq PEt\AE‘dLe{s

5 E/r@{ Wt}%ytes received

6 <€r}\<r evice-S)ecific Command Error

7 E‘Q’ON \Q write protect mode

16 \ En‘x \}écess Restricted

& ~\[Fe N o
5.3.16 WMcriptor and date FAL PDU
5.3.14.1</ Request primitive

The value of Command is eighteen (18); the value of Octet Count field is twenty-one (21) and

Data field is as shown in Table 38.

Table 38 — Write tag, descriptor, date value field

Octet Parameter L
offset Data type name Description
0-5 Packed Tag This is the value of Tag to be stored in the device.
ASCII
6-17 Packed Descriptor This is the value of Descriptor to be stored in the device.
ASCII
18 — 20 Date Date This is the value of Date to be stored in the device.
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5.3.16.2 Response primitive

The Value field of response is shown in Table 38. The Response Code values are shown in

Table 39.
Table 39 — Write tag, descriptor, date command specific response codes
Value Class Description

0 Success No error

5 Error Too few data bytes received

& Error Dovice-Spoecific-Comman. dError

Errof Bew peeifi FRaRe-Errof
7 Error In write protect mode (
. N

9 Error Invalid Date code /\< ('\

16 Error Access Restricted < \ x

32 Error Busy /\\ \
5.3.171 Write final assembly number FAL PDU
5.3.17.1 Request primitive
The vplue of Command is nineteen (19); Data
field i$ as shown in Table 40.

Table 40 — Write fi
;)f?;i: Data type mit?\ \ K\ \\/ Description
0-2 Unsigned24 ina ss}r&mly M of Final Assembly Number. It is normally changed
mbe Q\{lﬁn le s or other device components are upgraded in the
field.

5.3.17.2 Respon s
The Malue field S i in Table 40. The Response Code values are shown in
Table|41.

inal assembly number command specific response codes

Value v }S{ass Description
0 Mss No error
) Error Too few data bytes received
6 Error Device-Specific Command Error
7 Error In write protect mode
16 Error Access Restricted
32 Error Busy

5.3.18 Read long tag FAL PDU

5.3.18.

1 Request primitive

The value of Command is twenty (20); the value of Octet Count field is zero (0) and Data field
is null.
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5.3.18.2 Response primitive

The Value field of response is shown in Table 42. The Response Code values are shown in
Table 43.

Table 42 — Read long tag response value field

Octet Parameter .
offset Data type name Description
0-31 Latin-1 Long Tag This is the value of Long Tag stored in the device.
Table 43 — Read long tag command-specific response ¢
e N
Value Class Description /\< (\
0 Success No error < \ >
16 Error Access Restricted /\\ \ \
32 Error Busy \ \\\ \
5.3.19 Write long tag FAL PDU
5.3.19.1 Request primitive

The v

blue of Command is twenty-two<(22)
Data flield is as shown in Table 44.

Table 44 - Wri

P) and

Octe ra}te{ér L
offse} Data type ﬁi\ame ~ Description
0-31 Latin-1 LW\ }1\3 is\Na\e value of Long Tag to be stored in the device.

The Malue field in Table 44. The Response Code values are shown in
Table|45.
W— rite long tag command specific Response codes
Value lass Description

0 “Sucdess No error

) Error Too few data bytes received

6 Error Device-Specific Command Error

7 Error In write protect mode

16 Error Access Restricted

32 Error Busy
5.4 Data coding rules

5.4.11

General

If the user data is always a simple (primitive) component. It is encoded as shown in Figure 5.
The semantics of the user data are known implicitly from the position in the PDU, the length is
fixed and implicitly known.
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Figure 5 — Coding without identification

Coding for integer types

Integer values are signed quantities as shown in Figure 6 and Figure 7. The MSB of this data
type is transferred first followed by the next octets and the LSB is transferred last.

5.4.1.

Unsig
is tran

Notation-: Inh:gnrﬂ, Infngnr’l R, Inh:gnr')A, Infngnr'!‘)
Range of Data Type range of values Iength/\(
Values:

Integer8 -128 <i<127 1 ogfe
Integer16 -32768 <i < 32767 octets
Integer24 223 < <223 _ 1 3 oc
Integer32 231 << 231¢ x\o%\
Coding: N
t
Figure 6 — Coding of\ln ggBtype data

o
NESIENEENE

S

5 o4 53

22

2 |t
28
21 20

e 7=>~Coding of Integer16 type data

shown in Figure 8 and Figure 9. The MSB of this data type
e next octets and the LSB is transferred last.

S

Unsigned8, Unsigned16, Unsigned24, Unsigned32
RaNf \%Iues: Data Type range of values length
Unsigned8 0<i<255 1 octet
Llocianaddo Fal i Lo OL 2 tat
Astgredt O—<+<65535 2octets
Unsigned24 0<i<?224 .1 3 octets
Unsigned32 0<i<?232.1 4 octets
Coding |Binary
Figure 8 — Coding of Unsigned type data
|bits 8 |7 |6 |5 [4 [3 |2 |1
2 27 26 25 24 53 22 21 20

Figure 9 — Coding of Unsigned16 type data
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54.1.4 Coding for floating point Type

Floating Point values are encoded as shown in Figure 10 and Figure 11. The sign and MSB of
the exponent is transferred first followed by the balance of the exponent and the MSB to LSB
of the fraction. If the value of an object of floating point data type is not known, then the value
transferred is 0x7F, OxAO, followed by all zeros (0x00); this value represents a ‘Not-a-number’.

Notation: Floating-Point (4 octet)

Range of Values: [see IEC 60559, Short Real Number (32 bits)

Coding: see |IEC 60559, Short Real Number (32 bits)

LSB

bits [8 |7 e |5 |4 |3 |2 |1 (\
octets Exponent (E)
1 SN 27 26 25 24 23 22 é\ Q

(E) Fraction (F)
2 20 2‘1 2'2 2'3 2'4 2‘5/\{ (

Fraction (F) \
3 2-8 2-9 =10 »-11 -1 ;:13 -1 2

-15
Fraction (F) \)
0 221 @2 -23

Figure 10 — Coding of single pre '}N@ating Point type data

7

4 |16 17 4

SN: sign 0 = positive,
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Notation:

Floating-Point (8 octet)

Range of Values:

see |[EC 60559, Short Real Number (64 bits)

5.4.1.

The d
octet
octet

Notati
Rangg
Codin

b

Coding: see |IEC 60559, Short Real Number (64 bits)
LSB
bits 8 |7 |6 |5 |4 |3 |2 |1
octets Exponent (E)
1 SN 210 59 28 27 26 25 24
Exponent (E) | Fraction (F)
2 73 72 va yad v
Fraction (F)
3 2-5 2-6 27 o8 o9
Fraction (F)
4 2-13  o-14 5-15 516 »-17
Fraction (F)
4 2-21  5-22 523 5-24 5-25
Fraction (F)
4 2-29  5-30
Fracti

anuary 1900 to 31 December 2155
in 3 octets

Table 46 — Coding for Date type

61158-6-20 © IEC:2010(E)

e first
b year

Parameter | Range of values | Meaning of the parameters
d. of m. 1...31 day of month
months 1...12 months
years 0...255 years — 1900
bits | 8 | 7 [ 6 |5 |43 ] 2]
octets |RSV RSV RSV |54 23 22 o1 50 |1..31d.ofm.
1
2 RSV RSV |RSV RSV 5,3 52 51 50 [1..12 months
3 RSV 26 25 24 23 22 21 20 0 ... 255 years

Figure 12 — Coding of Date type data
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5.4.1.6 Coding for enumeration

The data type Enumeration is used to associate specific user definitions to numeric codes.
The definitions are as shown in Table 47. The definitions for codes 250-255 is always as
shown. It is not necessary to define all possible values in the table. All undefined codes in the
table are reserved. Reserved values are not used, returned or transferred by any device. For
every object of Enumeration type, there is such table that is known to the users by associating
the table with a variable index.

Range of Values: 0 to 255
Coding: in 1 octet

Table 47 — Coding for one octet Enumerated Type

Unsigned Definition
value

0 Specified definition 0 <

1 Specified definition 1 /\ \

n Specified definition}z/\ \
n+1 Reserved / ﬁ
n+2 Reserved (\\/

K&
NN

250 “Not yseu! >
ey S

Emw;ww>

5.4.1.

The B lal bits

are p \ tet. A
lookup tab 3 ' 48. In
other bit is

reseryed. Forevery object of Bit Field type, there is such table that is known to the users by
assocjating-the table with a variable index.

Range of Values: 0 to 255
Coding: in 1 octet
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Table 48 — One octet bit field

Bit mask Definition
0x01 For Bit 1 (LSB)
0x02 For Bit 2
0x04 For Bit 3
0x08 For Bit 4
0x10 For Bit 5
0x20 For Bit 6
UX40 For Bit 7
0x80 For Bit 8 (MSB)

5.41.8 Coding for packed ASCII string type

Packgd ASCII is a 6-bit character code representing a subset 6f the™Ag o He set
as shown in Table 49. It is produced by compressing four P three
octets| This type of string is always a multiple of 4 characters out to
the end of the data item with SP characters. The leng z hov'transferred|along
with the string. The length is predetermined for e o) hich is identified by

objecf index. If the number of characters in the ring~dbject is less thlan its
predefermined length, then unused chatacters g ing are set to SP (Px20).
For example, 4 SP characters at the &€nd ir.ds the 3 octets: 0x82,[0x08,
and 0k20. The first character of this string ; irst, followed by the next chgracter
and the last character is transferred las

ble 49 - Rac S

Bits|a A N Bits § fo 3
andi5 1o | 1 | 2] [N s\ 6\ 7|8 |9 |a]|B|c|D]|E]|F
0 @ AW Jc B NEANFNAG [HO| b ok L M N b
1 P Q R T U woowo X Y z [ \ 1 n |
2 spa | K\ TN S N -1
3 2\ Na,. Nde N5 l6 |7 [8 o < P p

0 1\
"

@ SP(indicate$ a spack ch ra%lw
NOTE )Jbst\s ni »{Qnt exadecinral digit is top to bottom; least significant is left to right.

N

54.1.9 Coding fox restricted ISO Latin-1 string type

ISO Lptin~1/(ISO/IEC 8859-1) string consists of one character per octet. A restricted version
that omits’rows 0, 1, 8 and 9 in the Latin-1 table is used, as shown in Table 50.

The length of the string is not transferred along with the string. The length is predetermined
for each type of object, which is identified by object index. If the number of characters in the
value of a string object is less than its predetermined length, then unused characters at the
end of the string are set to zeros (0x00). One zero (0x00) at the end of a string ISO Latin-1
data item may not be sufficient to meet this requirement. A valid restricted 1SO Latin-1
character, other than zero, is permitted in the last octet of an restricted ISO Latin-1 data
object. The first character of this string is transferred first, followed by the next character and
the last character is transferred last.


https://iecnorm.com/api/?name=dc6653908fda06518691790825575a2a

61158-6-20 © IEC:2010(E) - 41 -

Table 50 — AccepTable subset of ISO Latin-1 characters

Bits 4 Bits 0 to 3
to7 o |1 2|3 | 4|5 |6 |7 |8 |9 |A|B|Cc|D|E]|F

0

1

2 spa | y # $ % & ' ( ) * + , - : /

3 0 1 |2 3 4 5 6 7 8 9 : ; < = > ?

4 @ A B C D E F G H | J K L M N O

5 P Q R S T u v w X Y z [ \ I n B

6 N a B c D e f g h i i lk | m n

7 p q [R s T u v W X y z { AN

8 \ N

9 A\ Q X

A nespPli g RO Ol Js o P | \[ veo I

B o i 2 3 - “ ﬂ . A 1 0 { 1 1/2 % A

c A A A A A A & ¢ [ [ [E\ [ A i '

D D N o Jo o 6 6 |x Jo v W \jOxa® \lYy VP [b

E a s la la A o e e le NE &\ i '

F 0 E 6 6 o B B e / u U ot Yo Y b 7

@ SP|indicates a space character.

b NBBP indicates a non-breaking space char; G

C SHY indicates a soft hyphen.

NOTE Most significant hexadecimal digit is oleasy significant is left to right. Grayed out|cells

m

6 S
Interfd es are specified in this subclause.
NOTE bause and ARPMs defined in the following sections only define
the vali ahdle these invalid events.
The b ibed by three integrated protocol machines. The|three
protod exvice Protocol Machine (FSPM), the Application Relatignship
Protoc 1), and the data-link layer Mapping Protocol Machine (DMPM). The
relatig Rrotocol machines as well as primitives exchanged among thgm are
depicted i
The FSPM-describeg’the service interface between the FAL User and the AREP. The FSPM

does ||10t have any state changes. The FSPM is responsible for the following activities:

a)

b)
c)

d)

to accept service primitives from the FAL service user and convert them into FAL

internal primitives;
to send FAL internal primitives to the ARPM;

to accept FAL internal primitives from the ARPM and convert them into service

primitives for the FAL User;
to deliver the FAL service primitives to the FAL User.
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FAL User
A

FAL Service Req/Rsp Primitives FAL Service Ind/Cnf Primitives

FSPM

A 4

Server ARPM

Client ARRM
OO r1vT

A
ARPM Req/Rsp Primitives ARPM Ind/Cnf Pri
\ 4
| DMPM >

Y
DLL Req/Rsp Primitives DLL Ixd/C B\

A 4

»

| Data-link Iayér

The A an AR and exchange of FAL{PDUs
with & lient, Slave. In any FAL, there can
be on . 2 perids upon the device class. The Master
class ] gvice has Server ARPM. The ARPM s
respo i ities;

a) to accep
interna

1 as a

state

5, and

em to

7 AP-context state machines

There is no AP-Context State Machine in this Type of FAL.

8 FAL service protocol machine (FSPM)

8.1 General

FAL Service Protocol Machine is common for AL User services. It has one state called
"ACTIVE" as shown in Figure 14.
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‘ All Transactions

Figure 14 — State transition diagram of FSPM

8.2 FSPM state tables

Table[51 and Table 52 specify the FSPM protocol machine.

Table 51 — FSPM state Table — client transaﬁén\ x

# Current state Event_or co_ndltlon < \\ \>lext gtate
=> action

S1 ACTIVE Identify.req \ \> ACTIVE
=>

user_data := alpdu

}
S2 ACTIVE Read Primary Variab
=>
Transaction.req {
remote_address ;=
user_data := al

Transaction.req {
W ACTIVE

remote_address := AREP_ID,
ACTIVE

S3 ACTIVE Read

remete_addfess ;5

S4 ACTIVE ACTIVE

S5 ACTIV ACTIVE

saction.req {
ote_address := AREP_ID,
ser_data := alpdu

Y N> <

}
S6 ACTIVE Read Loop Configuration.req ACTIVE
=>
Transaction.req {

user_data := alpdu

}
S7 ACTIVE Read Dynamic Variable Families Classifications.req ACTIVE
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

!
S8 ACTIVE Read Device Variables.req ACTIVE
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

h
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Current state

Event or condition
=> action

Next state

S9

ACTIVE

Read Message.req
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

ACTIVE

S10

ACTIVE

Read Tag, Descriptor, Date.req
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

ACTIVE

S11

ACTIVE

Read Primary Variable Transducer.req
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

CTIME

S§12

ACTIVE

Read Device Information.req
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

IVE

\ AC

S13

ACTIVE

N
Read Final Assembly Number.req \)
=>
Transaction.req { G
: E

remote_addres
user_data := alp

}

ACTIVE

S14

ACTIVE

Write Message.req
=>

ACTIVE

S15

ACTIVE

&

ACTIVE

S16

ACTIVE

ser_data := alpdu

ACTIVE

S17

NN
S

}
gféd/mng Tag.req

Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

ACTIVE

2
J

S18

ACTIVE

Write Long Tag.req
=>
Transaction.req {
remote_address := AREP_ID,
user_data := alpdu

ACTIVE

S$19

ACTIVE

Transaction.cnf
&& CommeErr (user_data) = "True"
=>
Identify.cnf(-) {
Arep_id = remote_address,
Comm_stat = Comm (user_data),
Dev_stat = Device (user_data)

}

ACTIVE
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Event or condition

# Current state _ - Next state
=> action
S20 ACTIVE Transaction.cnf ACTIVE
&& CommandErr (user_data) = "True"
=>
Identify.cnf(-) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data)
!
S21 ACTIVE Transaction.cnf ACTIVE

&& CmdErr (user_data) = "False"
&& Command (user_data) =0 | 11 | 21
=>
Identify.cnf(+) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),

data = Value (user_data)_ (\ Q

&& CmdErr (user_data) = "False"
&& Command (user_data) = 1
=>
Read Primary Variable.cnf(+) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),

data = Value (user_data)
) N

}
S22 ACTIVE Transaction.cnf SS'I\(E

S23 ACTIVE Transaction.cnf ACTIVE

ACTIVE

S24 ACTIVE Q
2

= Res_p (user_data),
= Device (user_data),

S25 A IVE\ ransaction.cnf ACTIVE
& dErr (user_data) = "False"
ﬁ& Command (user_data) = 6
Write Polling Address.cnf(+) {

Arep_id = remote_address,
Resp_code = Resp (user_data)
Dev_stat = Device (user_data),
data = Value (user_data)

!
S26 ACTIVE Transaction.cnf ACTIVE
&& CmdErr (user_data) = "False"
&& Command (user_data) =7
=>
Read Loop Configuration.cnf(+) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),
data = Value (user_data)

}
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Current state

Event or condition
=> action

Next state

S27

ACTIVE

Transaction.cnf
&& CmdErr (user_data) = "False"
&& Command (user_data) = 8
=>
Read Dynamic Variable Families Classifications.cnf(+) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),
data = Value (user_data)

}

ACTIVE

S28

ACTIVE

Transaction.cnf
&& CmdErr (user_data) = "False"

ACTIVE

&& Command (user_data) = 9
=>
Read Device Variables.cnf(+) {
Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),
data = Value (user_data)

N

S29

ACTIVE

!
Transaction.cnf XNy

&& CmdErr (user_data) = "False"
&& Command (user_data) = 12
=>
Read Message.cnf(+) {
Arep_id = remote_address,

Resp_code = Resp (user_d a
Dev_stat = Devi user_
data = Value (Yser_data

!

MCZTIVE

S30

ACTIVE

D

Transaction.cnf
&& CmdErr (user_dat
&& Command (user_

ACTIVE

S31

ACTIVE

tat = Device (user__data),

\ ta = Value (user_data)

ACTIVE

S§32

ACTIVE

ransaction.cnf
CmdErr (user_data) = "False"
& Command (user_data) = 15

Read Device Information.cnf(+) {

ACTIVE

Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),
data = Value (user_data)

}

S33

ACTIVE

Transaction.cnf

&& CmdErr (user_data) = "False"

&& Command (user_data) = 16

=>

Read Final Assembly Number.cnf(+) {

Arep_id = remote_address,
Resp_code = Resp (user_data),
Dev_stat = Device (user_data),
data = Value (user_data)

}

ACTIVE
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