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Aftention*is drawn to the fact that the use of the associated protocol type is restricted by
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-24: Application layer protocol specification —
Type-24 Elements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization’comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC is to promd
international co-operation on all questions concerning standardization in the electrical and eleetronic fields.
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatio
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter\/referred to as “I

ng
te
To
S,
EC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interesfled

in the subject dealt with may participate in this preparatory work. International) governmental and nd
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clos
with the International Organization for Standardization (ISO) in accordancewith conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as' nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technicah.committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are<made to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsibfe’\for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in<their national and regional publications. Any divergen
between any IEC Publication and the correspondiftg national or regional publication shall be clearly indicated
the latter.

IEC itself does not provide any attestationtef conformity. Independent certification bodies provide conform
assessment services and, in some areas{saccess to IEC marks of conformity. IEC is not responsible for &
services carried out by independent certification bodies.

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

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

Attention is drawn to“the Normative references cited in this publication. Use of the referenced publicationsji

indispensable for the correct application of this publication.

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

ellectual-property-right holders. In all cases, the commitment to limited release
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be used with other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in IEC 61784-1 and IEC 61784-2.

International Standard IEC 61158-6-24 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.
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The text of this standard is based on the following documents:

FDIS Report on voting
65C/764/FDIS 65C/774/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 the ISO/IEC Directives. Part 2.

Allist of all parts of the IEC 61158 series, published under the general title Industrial
cgmmunication networks — Fieldbus specifications, can be found on the IEC web site.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iecich" in the data
related to the specific publication. At this date, the publication will be

* | reconfirmed,

* | withdrawn,

* | replaced by a revised edition, or
* | amended.
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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 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

TH
ef]
pq
w

mmunication are intended to provide a sound basis for development in order to serve
riety of purposes:

as a guide for implementers and designers;

for use in the testing and procurement of equipment;

as part of an agreement for the admittance of systems into the open systems environme

as a refinement to the understanding of time-critical communications.within OSI.
is standard is concerned, in particular, with the communication ahd interworking of sensof
fectors and other automation devices. By using this standard together with other standar

sitioned within the OSI or fieldbus reference models, otherwise incompatible systems m
brk together in any combination.

of rules for communication expressed in terms of the procedures to be
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-24: Application layer protocol specification -
Type-24 Elements

1| Scope

1.1 General

The Fieldbus Application Layer (FAL) provides user programs with a means.to“access the
figldbus communication environment. In this respect, the FAL can be viewed-as a “windqw
bgtween corresponding application programs.”

This standard provides common elements for basic time-critical ~and non-time-critiqal
messaging communications between application programs in an automation environment and
mpterial specific to Type 24 fieldbus. The term *“time-critical’ is used to represent the
presence of a time-window, within which one or more specified actions are required to be
cdmpleted with some defined level of certainty. Failure to complete specified actions within
the time window risks failure of the applications requesting.the actions, with attendant risk [to
edquipment, plant and possibly human life.

This standard defines in an abstract way the externally visible behavior provided by the Type
24 fieldbus application layer in terms of

a)l the abstract syntax defining the application layer protocol data units conveyed betwegn
communicating application entities,

b)| the transfer syntax defining the application layer protocol data units conveyed betwe¢n
communicating application entities;

c)| the application context state_machines defining the application service behavior visifly
between communicating application entities, and

d)| the application relationship state machines defining the communication behavior visigly
between communicating application entities.

The purpose of this standard is to define the protocol provided to

a)l define therepresentation-on-wire of the service primitives defined in IEC 61158-5-24, and
b) define/the externally visible behavior associated with their transfer.

This standard specifies the protocol of the Type 24 fieldbus application layer, in conformange
with‘«the OSI Basic Reference Model (ISO/IEC 7498-1) and the OSI Application Layer

S F AlaYaVilnlalla¥ . N -A\
uvturtT \I\)UIII—U \J\J"‘\J,.

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 61158-5-24.

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 documents, in whole or in part, are normatively referenced in this document arLd
are indispensable for its application. For dated references, only the edition cited applies. Fr
uridated references, the latest edition of the referenced document (incloding apy
amendments) applies.

NQTE All parts of the IEC 61158 series, as well as IEC 61784-1 and IEC 61784-2 are maintained simultaneoudlly.
Crpss-references to these documents within the text therefore refer to the editions as dated in this list of normative
references.

IE|IC 61158-5-24:2014, Industrial communication networks - Fieldbus specifications |—
Part 5-24: Application layer service definition — Type 24 elements

IE[C 61158-6 (all parts), Industrial communication networks’~.Fieldbus specifications — Part|6:
Application layer protocol specification

IS|O/IEC 646, Information technology — ISO 7-bifl coded character set for informatipn
interchange

IS|O/IEC 7498-1, Information technology — Open Systems Interconnection — Basic Referenge
Mpdel — Part 1: The Basic Model

IS|O/IEC 9545, Information technolagy — Open Systems Interconnection — Application Layer
structure

IS|O/IEC 9899, Information technology — Programming languages — C

IS|O/IEC 10731, Information technology — Open Systems Interconnection — Basic Referenge
Mpdel — Convention§for the definition of OSI services

IS|O/IEC 19501%2005, Information technology — Open Distributed Processing — Unified
Mpdeling Lahguage (UML) Version 1.4.2

IS|O/IECAEEE 60559:2011, Information technology — Microprocessor Systems — Floating-
Point-arithmetic

3 Terms, definitions, abbreviations, symbols and conventions

For the purposes of this document, the following terms, definitions, symbols, abbreviations
and conventions apply.

3.1 Referenced terms and definitions

For the purposes of this document, the following terms, definitions, symbols, abbreviations
and conventions apply.
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3.1.1 Terms and definitions from ISO/IEC 7498-1

For the purposes of this document, the following terms as defined in ISO/IEC 7498-1 apply:

D

) abstract syntax;

O

) application-entity;

O

) application process;

d)
e)_application-process-invocation;
f)| (N)-facility;

g)| (N)-function;

application protocol data unit;

h)| peer-(N)-entities;
i)| presentation context;
j)| real system;

k)| transfer syntax.
3.1.2 Terms and definitions from ISO/IEC 9545
Fgr the purposes of this document, the following terms as defined in ISO/IEC 9545 apply:

a)l application-association;

b)| application-context;

)| application-entity-invocation;
d)| application-entity-type;

)| application-service-element.

3.1.3 Terms and definitions from ISO/IEC 8824-1
Fagr the purposes of this document, the following terms as defined in ISO/IEC 8824-1 apply:

a)l simple type;

b)] component;

c)| component type;
d) integer type;

e) bitstring type;

f)| octetstring.type;
g)| null type;

h) seqgUence type;
i) | S€quence of type;

j) choice type;

k) 1A5String type;

[) encoding.

3.1.4 Terms and definitions from ISO/IEC 10731

For the purposes of this document, the following terms as defined in ISO/IEC 10731 apply:
a) OSl-service-primitive; primitive;

b) OSlI-service-provider; provider;

c) OSl-service-user; user.
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3.1.5 Terms and definitions from ISO/IEC 19501

For the purposes of this document, the following terms as defined in ISO/IEC 19501 apply:

D

)
)

)
)

O T

d

event;

state;

state machine;
substate;
submachine;

Fd

3.

alprm

fie
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fig

Ng

Ng
an

3.
ag
ne
as

Ng
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af
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sh
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Ng
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fu

ea

3.

.2 Additional terms and definitions

transition.

r the purposes of this document, the following terms and definitions apply.

2.1

Id device status to tell that the device has detected a fatal problem-to-be solved and cann
ntinue normal working, through the field device control (FDC)~service of the Type
Idbus

te 1 to entry: Any alarm statuses are latched and need some operations_to be cleared.

te 2 to entry: Alarms are classified into three groups; communiéation alarms, illegal-command-related ong
d application specific ones. But concrete definitions are dependenton implementation of each field devices.

R.2

plication process object

twork representation of a specific aspect ofian application process (AP), which is modell
a network accessible object contained within an AP or within another APO

te 1 to entry: Refer IEC 61158-1, 9.3.4.

R.3

plication process context

P context

ared knowledge or a common set of rules, governing communication of FAL applicati
tities (AEs) and describing the permissible collective communications behavior between t
Es that are party to.aspecific set of application relationships (ARs)

te 1 to entry: Data-within AP context can be specified by the user in advance, by the option selected while {
er uses a field.bis management (FSM) service to read out the facility of peer AP, by the automatic negotiati
ction that tHe:ESM system handles, and so on. The method that is to be adopted depends on the specification
ch implenientation.

2.4

ayg

APtype

ot
D4

bS,

3%
(o}

pn
ne

he
on
of

plication process type

description of a classification of application processes (APs) in terms of a set of capabilities

fo

r FAL of the Type 24 fieldbus

Note 1 to entry: AP types are classified into three, C1 master AP, C2 master AP and slave AP, by their application

rol

es in the fieldbus network.

3.2.5

async command
type of a command application protocol data unit (APDU) of the FDC service of the Type 24
FAL, which can be issued any time after the previous transaction without consideration of
synchronization with the communication cycle
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Note 1 to entry: Definitions, which command should be async one or not, are dependent on an application. They
may be provided as a registered set of commands and responses or a device profiles. See 4.4 and Annex A.

3.2.6

asynchronous communication

state or a way of communication for the FDC service of the Type 24 FAL, in which a command
can be issued any time after the previous transaction without consideration of synchronization
with the communication cycle

Note 1 to entry: In this state, sync commands cannot be issued, but async commands can.

3.R.7
attribute
information or parameter contained in variable portions of an object

Ndte 1 to entry: Typically, they provide status information or govern the operation of an object. ‘Attributes mfay
al§o affect the behavior of an object.

3.p.8

C1 master

AP type that has master facilities for the FDC service of the Type-24 FAL, or the devige
i

plementing that AP type

te 1 to entry: Only one C1 master exists in a network of the Type 24 fieldbus

.9

master
type that has only monitor facilities for the EDC service but requester facilities for
ssage (MSG) service of the Type 24 FAL, or thexdevice implementing that AP type

te 1 to entry: Less than two C2 masters can exist inanetwork of the Type 24 fieldbus

.10

mmand
U issued by a requester or a-master to make a responder or a slave execute some
ctions

1
mmunication
nsfer
nsmission

— | communicationt_process to exchange information in a formal manner between two or mofe
devices, users,/APs or entities

— | transferprocess to convey a PDU from a sender to a receiver

— | transmission: process to send out and propagate electrical signals or encoded data
3.p.12
cammunication cycle

period of repetitive activities synchronized with the transmission cycle while the connection
establishing for the FDC protocol of the Type 24 FAL

Note 1 to entry: Communication cycle may synchronize with the transmission cycle multiplied by a specified
scaling factor.

3.2.13

connection

context or logical binding under specific conditions for the FDC protocol between a master
object and a slave object for the Type 24 FAL
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3.2.14

cyclic

repetitive in a regular manner

3.2.15

cyclic communication
transmission mode in which request PDUs and response PDUs are exchanged repetitively in
the scheduled time slots synchronized with a transmission cycle for the lower layer protocol of

th

e Type 24

Ndte 1 to entry: In the AL, the communication cycle arises from the transmission cycle in this mode.

3.

.16

cycle scale counter
cqunter to generate a communication cycle by means of scaling a primary, cycle or
transmission cycle

3.

.17

device ID

[oF:
Ty

3.

rt of “Device Information” to identify the device for a specific product type or model of t
pe 24 fieldbus

2.18

device information

fo
of
fig

3.

Frmatted and device-embedded information to characi€rize a device, which mainly consis
data for device model identification and device-profile specific parameters for the Type
Idbus

2.19

device profile

cd
be

3.

tr
tw
sy

3.
ey

llection of device-model-common information and functionality providing consisten
tween different device models among\the same kind of devices

.20

dIaI transfer

nsfer mode for the FDC protocol of the Type 24 FAL, in which a sender sends a same P[]

ice a transaction and @ receiver uses them to detect and recover a communication err
ch as data-corruption-or data-loss in cyclic communication mode

.21

ent driven communication

transmissiopmmode for the lower layer protocol of the Type 24 fieldbus in which a transacti

of

Ng

command-response-exchanging arises as user’s demands

te 4 to.entry: Both the transmission cycle and the communication cycle don’t arise in this mode.

ne

ts
D4

PN

3.

£.24

error
abnormal condition or malfunction for communication or any other activities

3.

2.23

field device control
FDC service

time-critical communication service that handles a fixed length command data to control a
field device and the corresponding feedback response data in a severe restriction on delay or
jitter for the communication timing for the Type 24 FAL
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3.2.24

field device protocol

FDC protocol

time-critical communication protocol that handles a fixed length command data to control
field device and the corresponding feedback response data in a severe restriction on delay
jitter f

3.2.25
master
class or its instance object of FDC application service element (ASE) who plays a role of

a
or

a

cdmmand requester for the Type 24 FAL

.29

twork clock

nchronized and periodically running counter that each nodes in a same network have, whi
comes an oscillation source of the transmission cycle

o0 3w

w

.30

imary cycle

griod of repetitive activities-synchronized with the transmission cycle before the connecti
gtablishing for the FDC protocol in Type 24 FAL

® T T

3.R.31
prlotocol machine
state machine_ that realizes a protocol as the main function of the entity in each layer

3.R.32

re

pe

ch

pn

reqquester
Cle%SS of its instance object of MSG ASE who plays a role of a command requester or send
forthe TFype 24 FAL

|er

3.2.33

responder

class or its instance object of MSG ASE who plays a role of a command responder or receiv
for the Type 24 FAL

3.2.34
response

er

PDU issued by a responder or a slave to inform a result or some status for the received

command to a requester or a master


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © IEC 2014 -15 -

3.2.35
service
operation or process that an object performs upon request from another object

3.2.36

single transfer

normal transfer mode for the FDC protocol of the Type 24 FAL in which a sender sends a
PDU once a transaction

3.2.37

slgve AP
AP type that has slave facilities for the FDC service of the Type 24 FAL, or thec~devigce
imMplementing that AP type

3.R.38
slpve
class or its instance object of FDC ASE who plays a role of a responder for the Type 24 FAL]

3.2.39

sync command
type of command APDU of the FDC service of the Type 24 'FAL, which is issued at the
syinchronized timing with every communication cycle

Nqgte 1 to entry: The definitions, which command is sync one or not, aré dependent on an application. They may
be|provided as a registered set of commands and responses or a device profiles. See 4.4 and Annex A.

3..40

synchronous communication
stpte or a way of communication for the FDC, service of the Type 24 FAL, in which a command
islissued at the synchronized timing with every communication cycle

Nqgte 1 to entry: In this state, both sync commahds and async ones can be issued.

Ndte 2 to entry: In this state, an out-of=Synchronization error of APs shall be detected by measures of the
wgtchdog counter.

3.p.41

transmission cycle
pgriod of repetitive activities for the lower layers of the Type 24 fieldbus, which of all the slaye
dgvices are synchronized with that of a C1 master device by the lower layer protocol

3.R.42

transmission'mode
state or apwvay of transmission for the lower layer protocol of the Type 24 fieldbus; cyclic mode,
event driven mode

3.243

virtual memory space
large data block of APOs for the Type 24 FAL that can be read and written with pseudo-
memory-addresses to provide consistency between different device models

Note 1 to entry: The virtual memory space includes the device Information and other vender specific area. See
Annex B.

3.2.44

warning

field device status to tell that the device has detected a slight or passing problem but still
working normally through the field device control (FDC) service of the Type 24 fieldbus

Note 1 to entry: Any warning statuses are latched and need to be operated to clear them.
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Note 2 to entry: Warnings are classified into three groups, communication warnings, illegal-command-related
ones, and application specific ones. But concrete definitions are dependent on a implementation of each field
devices.

3.3 Abbreviations and symbols

For the purposes of this document, the following abbreviations and symbols apply.

AE Application Entity

AL Application Layer

A-, AL- Application Layer (as a prefix)

AUME Application Layer Management Entity

AH Application Process

ARDU Application Protocol Data Unit

ARI Application Process Invocation

ARO Application Process Object

ARC Application Process Context (as prefix of a protocol for Type 24 fieldbus)
ARC SM Application Process Context State Machine (for Type 24 fieldbus)
AR Application Relationship

AR ASE Application Relationship Application Service Element

AREP Application Relationship End Point

ARPM Application Relationship Protocol Machine (for Type 24 fieldbus)

ARPM-FDCM ARPM for Field Device Control service Master (for Type 24 fieldbus)
ARPM-FDCMN ARPM for Field Device Control service Monitor (for Type‘24 fieldbus)
ARPM-FDCS ARPM for Filed Device Control service Slave (for Type*24 fieldbus)
ARPM-MSG ARPM for Message service (for Type 24 fieldbus)

A{CII American Standard Code for Information Interchange

AYDU Application Service Data Unit

ASE Application Service Element

AgN.1 Abstract Syntax Notation One

CNID Command PDU for FDC service (for Type 24 fieldbus)

Cnf confirm primitive

Dy- (as a prefix) Data Link-

DYL Data Link Layer

bym Data Link-management

DYPDU Data Link-Protocol Data Unit

DYSAP Data Link Service Access Point

DYSDU Data LinkiService Data Unit

DNIPM Datartink Mapping Protocol Machine

E2APROM Electrically erasable programmable read only memory

FAL Eieldbus Application Layer

FdS Frame check sequence

FQOC- Field Device Control (as prefix of a service or a protocol for Type 24 fieldbus)
FOCASE Field Device Control Application Service Element (for Type 24 fieldbus)
FOCPM™ FretoDevice Controt Protocot Machime (for Type 24 fietdbus)

FDCPM-M Field Device Control Protocol Machine for Master (for Type 24 fieldbus)
FDCPM-MN Field Device Control Protocol Machine for Monitor (for Type 24 fieldbus)
FDCPM-S Field Device Control Protocol Machine for Slave (for Type 24 fieldbus)
FIFO First In First Out

FSPM FAL service protocol machine

FSM- Fieldbus System Management (as prefix of a service for Type 24 fieldbus)
FSM ASE Fieldbus System Management Application Service Element for Type 24 fieldbus
HMI Human-machine Interface

1/0 Input/output

ID Identifier

Ind indication primitive
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LME Layer Management Entity

Lsb least significant bit

MAC Media Access Control

Msb most significant bit

MSG Message (as prefix of a service or a protocol for Type 24 fieldbus)
MSG ASE Message Application Service Element for Type 24 fieldbus
MSGPM Message Protocol Machine for Type 24 fieldbus

MSGPM-RQ MSGPM for Requester for Type 24 fieldbus
MSGPM-RS MSGPM for Responder for Type 24 fieldbus

o

Y

cC O uwnwnwomnw o0 O0 T T

w

3.4

TH
sy
sq

pr
TH

st
ol

TH

| Open Systems Interconnection
Protocol machine

Protocol Data Unit

Ph-layer

Quality of Service

Random access memory
request primitive

response primitive

Response PDU for FDC service (for Type 24 fieldbus)
Service Access Point

Send Data with no Acknowledge

CcCzZUVUVv®° e zunlmC

Service Data Unit

State Machine

IB System Management Information Base
L Unified Modelling Language

E Conventions
1

General conventions

bclause. Each ASE specification"is composed of three parts: its class definitions,
rvices, and its protocol specification. The first two are contained in IEC 61158-5-24. T
ptocol specification for each,of'the ASEs is defined in this standard.

andard, it's assumed that every attributes are accessible only from the owner’s instan
ject itself directly-orthrough services of the class.

is standard.uses the descriptive conventions given in ISO/IEC 10731.

3.4.2 PDU data type conventions

TH

eddata types of FAL PDUs are defined with the notations of ASN.1.

e FAL is defined as a set of object-oriented ASEs. Each ASE is specified in a separafte

e class definitions define the attributes of the classes supported by each ASE. In thi

ts
he

ce

Character strings that the first character is
PDUs or their fields. While a same string as a PDU type but lacked the first

instance of the corresponding data type.

Ex

ample CMD-PDU means an instance of _CMD-PDU and a following statement is omitted.

CMD-PDU _CMD-PDU ::= { value}

3.4.3 State machine conventions

The protocol sequences are described by means of State Machines.

(low line) are used as data type symbols of FAL
means a PDU
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In statechart diagrams, states are represented as boxes, and state transitions are shown as
arrows. Their conventions are given in ISO/IEC 19501 as Universal Modeling Language
(UML).

Names of states and transitions of the state diagram correspond to the names in the textual
listing of the state transitions.

The textual listing of the state transitions is structured as Table 1.

T; [S] ﬁlbt TOw bUIItdillb “Ib‘ rdrrie Uf “IU ildllbiiiull by dll illulc)\ IIuIIIIUb'I.
The second row defines the source state or the current state before the transition.

The third row contains an event and actions. The event is followed by optional arguments |in
pdrentheses, “(” and “)”, and guard conditions in brackets, “[" and “]”, as the firstline. And the
adtions with starting character “/” follow the event line.

The last row contains the target state or the next state after the transjtion.

If the event occurs and the conditions are fulfilled the transition *fires, i.e. the actions afe
eqecuted and the next state is entered.

Table 1 — State transition descriptions

Source Event (arguments), ‘[conditions] Target

State [ Action state

A[meaning of each element in Table 1 is shown in Table 2, based on UML “transition
dgfinition (ISO/IEC 19501).

Table 2-=Description of state machine elements

Description element Meaning

Sdurce state Names of the originating state and the target state of transition.

Target state

T# Name or number of the transition.
Evient Name or description of the trigger event that fire the transition.
(alguments)) A parameter value, an expression, or a sequence of those divided by “,” for the

event. The preceding “(” and the succeeding “)” are not part of the argument list.

[C ndiﬁnnc] Boaolean nvprnccinn‘ which is true faor the transition to he fired The prnr\nrﬁng “[" and

the succeeding “]” are not part of the condition.

/ Action List of assignments and service or function invocations. The action should be
atomic. The preceding “/” is not part of the action.

NOTE "(arguments)" and "[condition]" can be omitted if not necessary.

The conventions used in the state machines are shown in Table 3.
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Table 3 — Conventions used in state machines

Convention

Meaning

/*-- description --*/

Describes and explains conditions and/or procedure by using normal sentence between "/*--"
and "--*/" instead of using the pseudo code notation.

Example:

/*-- The PM examines an occurrence of any alarms for the corresponding remote device.

-- If an alarm is detected, the PM notifies it to the FSM ASE.

-- If not, the PM transfers the MSGService-PDU to the DLL.
¥/
= 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
Axix Parameter name if ‘a’ is a letter
Example:
Identifier = reason;
means value of a 'reason' parameter is assigned to a parameter called 'ldentifier’
"xxx" Fixed visible string
Example:
Identifier = "abc";
means value "abc" is assigned to a parameter named 'ldentifier’
Nrn If all elements are digits, the item represents a numerical constant shown in decimal
representation.
0xpn If all elements nn are digits, the item represents a numerical constant shown in hexadecimgl
representation.
=3 Logical condition to indicdate an item on the left is equal to an item on the right
< Logical condition to indicate an item on the left is less than the item on the right
> Logical condition fo)indicate an item on the left is greater than the item on the right
1= Logical condition to indicate an item on the left is not equal to an item on the right
&8 Logical TAND"
[l Logical *OR"
! Logical "NOT"
+ Arithmetic operators
/
; Separator of expressions

Further notations as defined in C language (ISO/IEC 9899) can be used to describe
conditions and actions.

4 Abstract syntax

4.1 Basic Data types

The following data types may be used in the Type 24 FAL.

a) Basic types as simple types of ASN.1:
i) INTEGER;
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i) REAL;
iii) BIT STRING;
iv) OCTET STRING;
v) NULL.
b) Specific basic types as subtypes from ASN.1:
vi) Integer8 ::= INTEGER (-128..127);
vii) Integer16 ::= INTEGER (-32 768 .. 32 767);
Vit mteger32 .= INTEGER (-2 147 483648 .. Z 147 483 047,

ix) Integer64 = INTEGER ( (1) x
8000 0000 0000 0000°H...7FFF FFFF FFFF FFFFH);

x) Unsigned8 ::= INTEGER (0..'FF’'H);

xi) Unsigned16 ::= INTEGER (0.."FFFF’H);

xii) Unsigend32 ::= INTEGER (0.."FFFF FFFF’H);

xiii) Unsigned64 ::= INTEGER (0.."FFFF FFFF FFFF FFFF'H);

xiv) Float32 ::= 0 | negative infinity | positive infinity
| REAL (WITH COMPONENTS { mantissa ((-1) x c3,), base (2), exponent (¢35) } )
| REAL (WITH COMPONENTS { mantissa (c35), base(2), exponent (¢35) } )

where,
23 1
30 1= REAL (1. 27 ) = REAL (1.542-2-23)), and
i=0
35 = INTEGER (-127..127).

NQTE 1 The range of the real value is covered fragm negative infinity to positive infinity. But the representable
précision conforms to binary32 or the single precision of ISO/IEC/IEEE 60559. See 5.2.2.

xv) Float64 ::= 0 | negative.infinity | positive infinity
| REAL (WITH COMPONENTS { mantissa ((—l)x ces ), base (2), exponent (ggq) })
| REAL (WITH COMPONENTS { mantissa (cg4), base (2), exponent (gg4) } )
where,

52
ceq SREAL (1.. [Z%J) = REAL (1.. (2-2-52)), and
i=0

ges == INTEGER (-1 023..1 023).

NQTE 2 The/range of the real value is covered from negative infinity to positive infinity. But the representable
précision’€onforms to binary64 or the double precision of ISO/IEC/IEEE 60559. See 5.2.2.

XVi) IA5String
c) Structure types with componenttypes of ASN.T:

Structure type is defined by a combination of SEQUENCE type, CHOICE type of ASN.1, basic
types and subtype elements defined in ASN.1. The FAL PDU described in 4.2 and 4.3 that
follows this subclause correspond this Structure type.

XVii) SEQUENCE

xviii)  CHOICE
d) Array types with a component type of ASN.1:

Array types are a list of any data type defined with SEQUENCE OF type of ASN.1. Typical
array types are shown with SEQUENCE OF type, below:


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © IEC 2014 -21-

xix) SEQUENCE OF;

xx)  BitArray ::= SEQUENCE OF (BIT STRING SIZE(8));
xxi) Array8 ::= SEQUENCE OF Integers8;

xxii) Array16 ::= SEQUENCE OF Integer16;

xxiii) Array32 ::= SEQUENCE OF Integer32;

xxiv) Array64 ::= SEQUENCE OF Integer64.

4.2 FAL PDU types

4.1 Top of APDU types: _APDU

The APDU type: _APDU shall consist of two groups; FDCServicePDU and _ MSGServicePOU.

And FDCServicePDU shall consist of a pair of PDUs; _CMD-PDU and _RSP*PDU, used flor
FIDC commands and its responses respectively.

Fdrthermore, _MSGServicePDU shall consist of a pair of PDUs;(-’MSGREQ-PDU and
_MSGRSP-PDU, used for MSG requests and its responses respectively.

_APDU ::= _FDCServicePDU
| _MSGServicePDU
_FDCServicePDU ;= _CMD-PDU -- FDC command PDU type
| _RSP-PDU -- FDC response PDU type
_MSGServicePDU = _MSGREQ-PDU -- MSG request PDU type
| _MSGRSP-PDU -- MSG response PDU type

Figure 1 shows the overview of APDU type definitions by the tree structure chart.
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4.2.2 PDUs for field device control service

4.2.2.1 Overview

FDCServicePDU shall be edited with a SDU in the FDC service primitive and be sent via AR.

And a FDC ASE receives the PDU from the peer ASE via AR.

The FDC command PDU type: CMD_PDU shall be classified into sync type command (sync

and

command):

_SYNCType-CMD-PDU

async

type

command

(async

command):

ASYNCType-CMD-PDU, Both types are the identical PDU formats: UCMD-PDU, Therefore,

The async command PDU: ASYNCType-CMD_PDU shall include _UCMD-RDU and oth
fourteen PDU types as common commands, which are also variants of _UCMD-PDU.

Dg¢rived from the _UCMD-PDU and the _URSP-PDU explained later, a-set of commands a
responses can be defined for a specific application, such as motor-drive“control, servo contf
ete., by FAL users, and the set may be registered as a device profile (see 4.4 and Annex A
Injaddition, a FAL user can select any device profiles supported by a target field device, wh¢
a [connection is established by FDC-Connect service (see '8.2.4.3, and IEC 61158-5-2

6.4.1.2.3.4).

gmD-PDU

(09)

YNCType-CMD-PDU
SYNCType-CMD-PDU

>

the FDC PM cannot distinguish their type’s PDUs. The user of FDC ASE should know whi
cdmmands belong to the sync commands or not, and can distinguish the types by using-cn
figld as a key code in the PDU header part.

_SYNCType-CMD-PDU
_ASYNCType-CMD-PDU
_UCMD-PDU

_UCMD-PDU
_NOP-CMD-PDU
_PRM_RD-CMDB:PDU
_PRM_WR-CMD-PDU
_ID_RD=CMD-PDU
.GONFIG-CMD-PDU
“ALM_RD-CMD-PDU
_ALM_CLR-CMD-PDU
_SYNC_SET-CMD-PDU
_CONNECT-CMD-PDU
_DISCONNECT-CMD-PDU
_PPRM_RD-CMD-PDU
_PPRM_WR-CMD-PDU
_MEM_RD-CMD-PDU

Ch
hd

hd
ol,

>S5 =

_UCMD-PDU
_NOP-CMD-PDU
_PRM_RD-CMD-PDU
_PRM_WR-CMD-PDU
_ID_RD-CMD-PDU
_CONFIG-CMD-PDU
_ALM_RD-CMD-PDU
_ALM_CLR-CMD-PDU
_SYNC_SET-CMD-PDU

_CMD1-PDU | _CMD2-PDU | _CMD3-PDU
_NOP-CMD1-PDU | _NOP-CMD2-PDU | _NOP-CMD3-PDU
_PRM_RD-CMD1-PDU | _PRM-RD-CMD2-PDU | _PRM_RD-CMD3-PDU
_PRM_WR-CMD1-PDU | _PRM_WR-CMD2-PDU | _PRM_WR-CMD3-PDU
_ID_RD-CMD1-PDU | _ID_RD-CMD2-PDU | _ID_RD-CMD3-PDU
_CONFIG-CMD1-PDU | _CONFIG-CMD2-PDU | _CONFIG-CMD3-PDU
_ALM_RD-CMD1-PDU | _ALM_RD-CMD2-PDU | _ALM_RD-CMD3-PDU
_ALM_CLR-CMD1-PDU | _ALM_CLR-CMD2-PDU | _ALM_CLR-CMD3-PDU
_SYNC_SET-CMD1-PDU

_SYNC_SET-CMD2-PDU
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_CONNECT-CMD-PDU

_DISCONNECT-CMD-PDU

_PPRM_RD-CMD-PDU

—24 —

| _SYNC_SET-CMD3-PDU

::= _CONNECT-CMD1-PDU

| _CONNECT-CMD2-PDU
| _CONNECT-CMD3-PDU

::= _DISCONNECT-CMD1-PDU

| _DISCONNECT-CMD2-PDU
| _DISCONNECT-CMD3-PDU

::=_PPRM_RD-CMD1-PDU | PPRM-RD-CMD2-PDU |

PPRM_RD-CMD3-PDU
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PRM_WR-CMD-PDU
EM_RD-CMD-PDU
EM_WR-CMD-PDU

response):

YNCType-RSP-PDU
SYNCType-RSP-PDU

_SYNCType-RSP-PDUY
| _ASYNCType-RSP-PDU

= _URSP-PDU
::=_URSP-RPBU

_NQP-RSP-PDU
~PRM_RD-RSP-PDU
" PRM_WR-RSP-PDU
_ID_RD-RSP-PDU
_CONFIG-RSP-PDU
_ALM_RD-RSP-PDU

_ALM_CLR-RSP-PDU

_CONNECT-RSP-PDU
_DISCONNECT-RSP-PDU

= _PPRM_WR-CMD1-PDU | _PPRM_WR-CMD2-PDU | _PPRM_WR-CMD3-PDUJ
= _MEM_RD-CMD3-PDU
= _MEM_WR-CMD3-PDU

e FDC response PDU type: _RSP_PDU shall be also classified into syn¢’type respon
_SYNCType-RSP-PDU and async type
SYNCType-RSP-PDU. Both types shall be derived from the identicallRDU formats: _URS
DU. Therefore, the FDC PM cannot distinguish their type’s PDUsThe user of FDC ASE
ould know which responses belong to the sync responses or not/ and can distinguish t
bes by using rcmd field as a key code in the PDU header part."Moreover, this prefix code
response PDU corresponds to one of a command PDU,”since a response shall
changed for a command.

response

e async type response PDU: _ASYNCType-RSP_PDU shall include _URSP-PDU and oth
urteen PDU types as common responses to any,“application, which are also variants
JRSP-PDU.

response):

5e
P
ne

of
be

ler
of

_URSP-PDU
_NOP-RSP-PDU
_PRM_RD-RSP-PDU
_PRM_WR-RSP-PDU
_ID_RD-RSP-PDU
_CONFIG-RSP-PDU

_PPRM_RD-RSP-PDU
_PPRM_WR-RSP-PDU
_MEM_RD-RSP-PDU

I

I

I

I

I

I

I

| _SYNC_SET-RSP-PDU
I

I

I

I

I

| _MEM_WR-RSP-PDU

= _RSP1-PDU | _RSP2-PDU | RSP3-PDU

= _NOP-RSP1-PDU | _NOP-RSP2-PDU | NOP-RSP3-PDU

= _PRM_RD-RSP1-PDU | _PRM-RD-RSP2-PDU | _PRM_RD-RSP3-PDU
= _PRM_WR-RSP1-PDU | _PRM_WR-RSP2-PDU | _PRM_WR-RSP3-PDU
= _ID_RD-RSP1-PDU | _ID_RD-RSP2-PDU | _ID_RD-RSP3-PDU

= _CONFIG-RSP1-PDU | _CONFIG-RSP2-PDU | _CONFIG-RSP3-PDU
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_ALM_RD-RSP-PDU = ALM_RD-RSP1-PDU | ALM_RD-RSP2-PDU|_ALM_RD-RSP3-PDU
_ALM_CLR-RSP-PDU = ALM_CLR-RSP1-PDU | _ALM_CLR-RSP2-PDU | ALM_CLR-RSP3-PDU
_SYNC_SET-RSP-PDU = _SYNC_SET-RSP1-PDU

| _SYNC_SET-RSP2-PDU
| _SYNC_SET-RSP3-PDU
_CONNECT-RSP-PDU ::= _CONNECT-RSP1-PDU
| _CONNECT-RSP2-PDU
| CONNECT-RSP3-PDU
0ISCONNECT-RSP-PDU ::= _DISCONNECT-RSP1-PDU
| _DISCONNECT-RSP2-PDU
| _DISCONNECT-RSP3-PDU

_APRM_RD-RSP-PDU = _PPRM_RD-RSP1-PDU | _PPRM-RD-RSP2-PDU | PPRM_RD-RSP3-PDU
_APRM_WR-RSP-PDU = _PPRM_WR-RSP1-PDU | _PPRM_WR-RSP2-PDU | _PPRMQWR-RSP3-PDU
_MEM_RD-RSP-PDU = _MEM_RD-RSP3-PDU

MEM_WR-RSP-PDU = _MEM_WR-RSP3-PDU

4.p.2.2 Common component of PDU
4..2.2.1 FDC command PDU

_WCMD-PDU may have three types, short type: CMDA1-PDU, long type: _CMD2-PDU, and
erthanced type: CMD3-PDU. Both _CMD1-PDU and CMD2-PDU shall have same header
figlds, but _CMD3-PDU shall have enhanced one

The pduBody length of _CMD1-PDU shall“be 14 octets when it encoded, and so as fEr
_CMD2-PDU. This part is called main-¢éOmmand, and _CMD2-PDU shall have another
exitended pduBodyExt field too, and can\piggyback an additional command PDU called supp-
cdmmand: _SUBCMD-PDU on that figld.

The pduBody length of CMD3=RDU shall be able to be select from 4, 12, 28, 44, and 60
odtets, but need not be switched on the fly.

_dwvb1-PDU .~ SEQUENCE({ -- short PDU type
cmd _CMDCode,
pduBody OCTET STRING SIZE (14),
wdt _WDT}

_dMD2-PDU ;= SEQUENCE({ -- long PDU type
maincmd-PDU COMPONENTS OF _CMD1-PDU, -- main-commgnd
CHOICE { subcmd-PDU _SUBCMD-PDU, -- sub-commarjd

pduBodyExt OCTET STRING SIZE (15) }}
_SuBCMD-PDU ;1= _USUBCMD-PDU SEQUENCE{ -- sub command
PDU type

subcmd _SubCMD,
pduBody OCTET STRING SIZE (14)}
_NOP-SUBCMD-PDU
PRM_RD-SUBCMD-PDU
PRM_WR-SUBCMD-PDU
_ALM_RD-SUBCMD-PDU
_PPRM_RD-SUBCMD-PDU
_PPRM_WR-SUBCMD-PDU
_CMD3-PDU ;1= SEQUENCE({ -- enhanced PDU
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cmd _CMDCode, type
wdt _WDT,
cmd_ctrl _CMD_CTRL,
pduBody OCTET STRING SIZE (4]12]|28|44|60) }
cmd field

cmd
data field which contains the code to identify contents of each command

T
THh

0 O

b)
w
w

T
th
cd
sh
er

THh

W

it
atchdog counter field

IS flefdshall be coded as _CMDTode, subtype of UNsSigneds, with the Tolfowing value range.
e predefined common commands are shown as _PrimaryCMD below.
— '00'H to "1F'H: used or reserved for common commands;

— '20'H to 'BF'H: reserved for application specific commands;

'CO'H to 'FF'H: reserved for vendors.

MDCode
rimaryCMD

Unsigned8
_CMDCode {
nop (‘00’H),
prm_rd (‘01’H), prm_wr (‘02’H),
id_rd (‘03’H),
config (‘04’H),
alm_rd (‘05’H), alm_clr (‘06’H);
sync_set (‘OD’H),
connect (‘OE’H),
disconnect (‘OF’H),
pprm_rd (“1B’H)/pprm_wr (‘1C’H),
mem_rd (‘1D'H), mem_wr (‘“1E'H) }

wdt field

is field shall be used for the slave to detect out-of synchronous activity or the WDT error |of

e corresponding master. The master shall count the wdt field of sending PDUs every

mmunication cycle.in case of the synchronous communication state. In addition, the slaye

all examine the field value of receiving PDUs every communication cycle to detect the wdt
For.

e Data typeis _WDT. It shall have two sub fields, mn and sn.

DT, ;2= SEQUENCE { mn BIT STRING SIZE (4),

sn BIT STRING SIZE (4)}

mn (Master count value)
The value range shall be from 0 to 15.

The mn field in a next CMD-PDU to be sent shall be counted up by one. An FDC
master shall do that every communication cycle. On the other hand, when an FDC
slave receives the PDU, it shall examine the counter every cycle. And, if the counter
isn’t match the last mn value plus one, it shall alert the watchdog counter error.

sn (Slave count value)
The value range shall be from 0 to 15.

The sn field in a next CMD-PDU to be sent shall be set the same value of the rsn
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field in the last received RSP-PDU. An FDC master shall copy it from the last RSP-
PDU every communication cycle.

subcmd field

subcmd
data field which contains the code to identify contents of each sub-command

The Data type is _SubCMD. The code definition for the sub-commands shall be same as main
cmd field in principle, but some codes may be restricted to use, if they have any difficulties in

F

cI
S€
sl

TH

cessing parallel commands. The predefined common sub-commands are shown as
’rimarySJublCMD below. I
ubCMD ;2= Unsigned8
rimarySubCMD ;1= _SubCMD {
nop (‘00’H),
prm_rd (‘01’H), prm_wr (‘02’H),
alm_rd (‘05’H),
pprm_rd (‘“1B’H), pprm_wr (‘1C'H) }
cmd_ctrl field
hd_ctrl
t of control bits that is independent of any command transactions, from FDC master to FOC

Hve

e Data type is _CMD_CTRL. It shall have two meaningful sub-fields, alm_clr and cmd_id.

MD_CTRL ::= SEQUENCE { reserve BIT STRING SIZE (3),
alm_ciroBIT STRING SIZE (1),
reserve2 BIT STRING SIZE (2),
cmd_id BIT STRING SIZE (2),
reserve3 BIT STRING SIZE (8) }

alm_clr
This field shall bevused to command to clear alarm/warning status of the slaye
device.

value\0: to execute nothing

value changes to1: to execute the status clear

cmgd, id
When the master device continuously issues identical contents of a CMD-PDU to the
slave, it can be used to make the slave device recognizing the command as anothger
command.

Thevatue Tange stattbefromto—3:

The FDC master may use the cmd_id to have a FDC slave acknowledge that the
command is a new command when the master sends the same command repeatedly
to the slave.

Since the slave shall respond the echo of the cmd_id of every command through
RSP-PDU.cmd_stat.rcmd_id field explained later, the master can also judge the
command for which the slave station sent the response.

Use of the cmd_id is not mandatory for the master.

While RSP-PDU.cmd_stat.cmdRdy = 0 in response PDUs, the slave shall disregard
commands that have a different cmd_id and continues to execute the command
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which has been already accepted.

4.2.2.2.2 FDC response PDU

_URSP-PDU may have three types, short type: RSP1-PDU, long type: _RSP2-PDU, and
enhanced type: RSP3-PDU. Both RSP1-PDU and _RSP2-PDU shall have common header
fields, but _RSP3-PDU shall have another enhanced one.

The pduBody length of

RSP-PDU shall be 11 octets, and so as for RSP2-PDU. This is

cdlled a main response or a response of the main command, and _RSP2-PDU shall haye

arjother extended pduBodyExt field too, and can piggyback an additional command™~P0OU

cdlled sub-response or a response of a sub command: _SUBRS-PDU on that field.

The pduBody length of RSP3-PDU shall be able to be select from 4, 12, 28, 44, and 60 octdts,

byt need not be switched on the fly.

_RSP1-PDU ::= SEQUENCE{ -- short PDU type

rcmd _CMDCode,

alarm _ALARM,

status _STATUS,

pduBody OCTET STRING SIZE (11),
rwdt _RWDT}

_RSP2-PDU := SEQUENCE{ -- long PDU type

rsp1-PDU COMPONENTS OF _RSP1-PDU, -- main responge
CHOICE { subrsp-RBU~ SUBRS-PDU, -- sub responsg
pduBodyExt OCTET STRING SIZE (15) } }

_SUBRSP-PDU := _USUBRSP-PRU\'SEQUENCE{ -- sub responsg
rsubcmd _SubCMD, PDU type
subStatus _SUBSTATUS,
pduBody OCTET STRING SIZE (13)}

| ANOP-SUBRSP-PDU

I PRM_RD-SUBRSP-PDU

| _PRM_WR-SUBRSP-PDU

| _ALM_RD-SUBRSP-PDU

| _PPRM_RD-SUBRSP-PDU
| _PPRM_WR-SUBRSP-PDU

_RSP3-PDU ;1= SEQUENCE({ -- enhanced PPU

remd _CMDCode, type
rwdt _RwWDT,

a) rcmd field
rcmd

cmd_stat _CMD_STAT,
pduBody OCTET STRING SIZE (4|12|28|44|60) }

data field which contains the same code as a received and processing command

So, this field shall be coded as _CMDCode. See 4.2.2.2.1.

b) alarm field
alarm

This field shall contain the alarm code.


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © IEC 2014 - 29 -

The Data type is _ ALARM. The value range shall be from 0 to 255.

_ALARM

::= Unsigned8

c) status field

status

This field shall indicate the status of the slave device.

The Data type is _STATUS. It shall have three meaningful sub-fields as follows.

STATUS

= SEQUENCE { alarm BIT STRING SIZE (1)

warning BIT STRING SIZE (1),
cmdRdy BIT STRING SIZE (1),
reserve BIT STRING SIZE (13)}

alarm

This bit field shall indicate the alarm status in the slave device.
0: No alarm,
1: any alarms occur.

warning

This bit field shall indicate the warning status in the (slave device.
0: No warning,

1: any warnings occur.

cmdRdy
This bit field shall indicate the command progress status of the FDC slave.

The slave device shall keep the(bit cmdRdy 0, while it is processing the comman
The slave device shall change the bit from 0 to 1, when it has completed tH
processing.

To notice the completién of the specific command the FDC master shall not o
examine the bit, butalso collate some other RSP-PDU fields with the correspondi
CMD-PDU fieldstodiscriminate from the preceding transaction.

When the retention time of cmdRdy = 0 is expired, the master shall raise a command

time out error. The timer value depends on each product specification for sla
devices;

A change of this bit status shall be independent of the alarm or warning status.

0: busy with command execution in progress

1: ready for new command

rwdt

watchdog counter field

ly
g

e

This field shall be used for the master to detect out-of synchronous activity or the WDT error
of the corresponding slave. The slave shall count and update the rwdt field of sending PDUs
every communication cycle in case of the synchronous communication state. In addition, the
master shall examine the field value of receiving PDUs every communication cycle to detect
the rwdt error.

The Data type is _RWDT. It shall have two sub fields, rmn and rsn.

_RWDT

::= SEQUENCE { rmn BIT STRING SIZE (4),


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

rsn (Slave count value)

e)

rs|
d3

This field shall be coded as _SubCMD. See 4.2.2.2.1.
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rsn BIT STRING SIZE (4)}
rmn (Master count value)

The value range shall be from 0 to 15.

The rmn field in a next RSP-PDU to be sent shall be set the same value of the mn
field in the last received CMD-PDU. An FDC slave shall copy it from the CMD-PDU
every communication cycle.

The value range shall be from 0 to 15.

The rsn field in a next RSP-PDU to be sent shall be counted up by one.cAr’ FOC
slave shall do that every communication cycle. On the other hand, when an FOC
master receives the PDU, it shall examine the counter every cycle NAnd, if the
counter isn’t match the last rsn value plus one, it shall alert the watchdog counter
error.

rsubcmd

ubcmd
ta field which contains the same code as the received and processing sub-command

subStatus
bStatus
is field shall indicate the status of the slave station in the sub response PDU part.
e Data type is _SubSTATUS. This field shall-be coded same as status field.
UBSTATUS = _STATUS
cmd_stat field
hd_stat
is field shall indicate the status-of the slave device.
e Data type is _CMD_S8TAT. It shall have seven sub fields as follows.
MD_STAT ::= SEQUENCE {d_alm BIT STRING SIZE (1),

d_war BIT STRING SIZE (1),
cmdRdy BIT STRING SIZE (1),
alm_clr_cmp BIT STRING SIZE (1),
reserve BIT STRING SIZE (2),
rcmd_id BIT STRING SIZE (2),

cmd—alm- BIT STRING SIZE (/1)
T

comm_alm BIT STRING SIZE (4) }

d_alm
This bit field shall indicate occurrence status of device-specific alarm in the slave
device.

0: the slave is not in device specific alarm status;

1: the slave is in device specific alarm status except neither comm_alm nor
cmd_alm.

Specification of device alarm status may depend on specified product
implementation, but a factor of the alarms should be classified separately from a
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communication problem and a command issue.

After the slave has been recovered to the alarm status, through the execution of the
command ALM_CLR-CMD-PDU or cmd_ctrl.alm_clr bit in any CMD-PDU, this bit
shall be cleared to 0.(d_alm = 0)

d_war
This bit field shall indicate occurrence status of device-specific warning in the slave
station.

Q: the slave is not in device elmzmifir‘ alarm status;

1: the slave is in device specific alarm status except neither comm_alm'npr
cmd_alm.

Specification of device alarm status may depend on specified -produfct
implementation, but a factor of the alarms should be classified separately from|a
communication problem and a command issue.

After the slave has been recovered to the warning status, throdgh the execution pf
the command ALM_CLR-CMD-PDU or cmd_ctrl.alm_clr bit in aay CMD-PDU, this bit
shall be cleared to 0.(d_war = 0)

cmdRdy
This bit field shall indicate the command progress status’ of the FDC slave.

Meaning of this bit is same as RSP1_PDU.status'cmdRdy.

0: busy with command execution in progress;
1: ready for new command.
alm_clr_cmp
This bit field shall indicate the execution status of alarm clear process.
0: Alarm/warning clear not'‘completed;
1: Alarm/warning clear,completed.

rcmd_id
This field shall be a key code to indicate which command the response PDU corresponds f{
by echoing back cmd(id of the corresponding command PDU.

o

The value range:-is from 0 to 3.

cmd_alm
This field shall notify an alarm code for command abnormality.

Each-code shall mean as follows.

'00'H: Normal;
'01'H: Warning on out-of-range data;

'02'H to '0/7"H: reserved tor warning codes;

'08'H: Alarm on out-of-support;

'09'H: Alarm on out-of-range data;

'0A'H: Alarm on abnormal command execution condition;
'OB'H: Alarm on abnormal subcommand combination;
'0C'H: Alarm on abnormal phase;

'OD'H to 'OF'H: reserved for alarm codes.
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comm_alm
This field shall notify an alarm code for communication error status.

Each code shall mean as follows.

'00'H: Normal,

'01'H: Warning on abnormal FCS;
'02'H: Warning on abnormal reception;
'03'H to '07'H: reserved for warning;
'08'H: Alarm on abnormal FCS;

'09'H: Alarm on abnormal reception;

'0A'H to 'OF'H: reserved for alarm.

4.3 PDUs for message service

MSGREQ-PDU ::= SEQUENCE { responder Unsigned8,

funcCode BIT STRING SIZE (7),

reserve1l BIT STRING SIZE (1),

extAddress Unsigned8,

reserve2 OCTET STRING (‘00’'H),

requestData OCTET‘STRING SIZE (4..4092)}
| SEQUENCE { requestUData OCTET STRING SIZE (8..4096)}
MSGRSP-PDU ::= SEQUENCE { responderUnsigned8,

funcCode BIT STRING SIZE (7),

errorFlag BIT STRING SIZE (1),

extAddress Unsigned8,

reserve OCTET STRING (‘00’H),

responseData OCTET STRING SIZE (4..4092)}

| SEQUENCE { responseUData OCTET STRING SIZE (8..4096)}
a)l responder field
responder
This field shall contain.the destination node address or responder of the message.
This field shall be coded as data type Unsigned8 with the following value range.

— '00'H~reserved;

— '04H:"'C1 master device;

— ('02'H: C2 master device;

%V '03'H to 'EF'h: Slave device;
— 'FO'H to 'FF'H: reserved.

b) funcCode field

funcCode
This field shall contain the code indicating the function of the message.

The code range shall be from '00'H to '7F'H.

c) errorFlag field

errorFlag
This field shall indicate the response state of the message. It shall be set to 0 on a normal
response, and to 1 on an abnormal response.
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— 0: a normal response;
— 1:an error response.
extAddress field

extAddress
This field shall contain the sub address representing a sub device when the destination node

is

an integrated device with two or more sub devices.

This field shall be coded as data type Unsigned8 with the value range '00'H to 'FE'H. The
code 'FF'H is reserved.

e)

requestData field and respondeData field

requestData and responseData
These fields shall contain the SDUs that may be defined by user for each functio\code. A
ejample of a user message command set for function code: '42’H is shown in Annex C.

B Detailed definitions of _FDCService-PDUs
3.1 Short PDU type
3.1.1 NOP command and response

DP symbolizes a “no operation” command. Receiving this ecommand, the slave shall

nqthing but respond with a NOP-RSP1-PDU showing the latest alarm and status.

_NOP-CMD1-PDU ::= _CMD1-PDU ( WITH COMPONENTS {..., cmd (nop) })
_NOP-RSP1-PDU ::= _RSP1-PDU ( WITH COMPONENTS {..., rcmd (nop) } )
4.3.1.2 PRM_RD command and response

PRM_RD symbolizes a “parameter-read™.command. Receiving this command, the slave sh

re
Wi

_PRM_RD-RSP1Body

a)

ARM_RD-CMD1-PDU

ARM_RD-CMD1Body

ARM_RB-RSP1-PDU

ad a specified parameter value into-PRM_RD-RSP1-PDU.parameter field and shall respo

ith it

_CMD1-PDU ( WITH COMPONENTS
{...,cmd (prm_rd),
pduBody (cmdBody _ PRM_RD-CMD1Body) } )
SEQUENCE({ reserve1 OCTET STRING SIZE (3),

pNo Unsigned16,

pSize Unsigned8,

reserve2 OCTET STRING SIZE (8) }
_RSP1-PDU ( WITH COMPONENTS

{..., rcmd (prm_rd),

An

o

Al
nd

duDod, ( Rad I 31y
PO S OCG Yy (1SPOOGyYy—Tivi— ~J vayr s

SEQUENCE { pNo Unsigned16,

pSize Unsigneds,
parameter OCTET STRING SIZE (8) }
pNo field

pNo
This field shall contain the parameter number to read out.

The value range shall be from 0 to 65 535.

b)

pSize field
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pSize
This field shall contain an octet size of the parameter.

The value range shall be from 0 to 255.

c) parameter field

parameter
This field shall contain the read data corresponding to pNo. The data size, data structure and
its meaning may depend on the pNo.

4.3.1.3 PRM_WR command and response

PRM_WR symbolizes a “parameter-write” command. Receiving this command, the slave shall
write a specified parameter value from PRM_WR-CMD1-PDU.parameter fieldCand shall
respond with the echo of it to tell completion of the command.

ARM_WR-CMD1-PDU _CMD1-PDU ( WITH COMPONENTS
{..., cmd (prm_wr),
pduBody (cmdBody _PRM_WR-CMD1Body) })

SEQUENCE { reserve OCTET STRING SIZE (3),

ARM_WR-CMD1Body
pNo Unsigned16,
pSize Unsigned8,
parameter OCTET STRING SIZE (8) }
_RSP1-PDU (WITH COMPONENTS

ARM_WR-RSP1-PDU
{..., rcmd (prm_wr),
pduBody\(rspBody _PRM_WR-RSP1Body) } )
SEQUENCE { pNo Unsigned16,

ARM_WR-RSP1Body
pSize Unsigned8,

parameter OCTET STRING SIZE (8) }
a)l pNo field

pNo
This field shall contain the parametér number to write in.

The value range shall be from 0 to 65 535.

b)| pSize field

pSize
This field shall contain the octet size of the parameter.

The value range shall be from 0 to 255.

c)| parameter field

parameter
This field shall contain the data to write corresponding to pNo. The data size, data structure
and its meaning may depend on the pNo.

4.3.1.4 ID_RD command and response

ID_RD symbolizes a “device-ID-read” command. Receiving this command, the slave shall
read a part of a specified item in the Device Information into ID_RD-RSP1-PDU.idData field
and shall respond with it. The semantics and data types of the Device Information may be
dependent on each device model, except idCode: 0, which shall specify the device model
information.

_ID_RD-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS
{..., cmd (id_rd),
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pduBody (cmdBody _ID_RD-CMDBody) })

_ID_RD-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),

idCode Unsigned8,

idOffset Unsigned8,

idSize Unsigned8,

reserve2 OCTET STRING SIZE (8)}

_ID_RD-RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (id_rd),

a)

idiCode

TH
TH

b)| idOffset field

idOffset

This field shall contain the offset address of the device-ID to read out.
The value range shall be from 0 to 255.

c)| idSize field

idSize

THhis field shall contain the read octet)size of the device-ID.

The value range shall be from.0.to 255.

d) idData field

idData

This field shall €ontain the read data corresponding to the idCode. The data size, da
stfucture and_its_ meaning may depend on the idCode.

4,
C

pduBody (rspBody _ID_RD-RSPBody) })
D_RD-RSP1Body ::= SEQUENCE { idCode Unsigned8,

idOffset Unsigneds8,

idSize Unsigned8,

idData OCTET STRING SIZE (8) }
idCode field

is field shall contain the device-ID code to read out.
e value range shall be from 0 to 255.

— '00'H: device model;
— '01'H to 'FF'H: reserved.

3.1.5 CONFIG command and response

DNF1G symbolizes a “configure-device” command. Receiving this command, the slave sh

ta

Al

ad

tivate a set of parameters on RAM updated with a PAR_WR command and shall respond

to

te

Il completion of the command.

_CONFIG-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS

{..., cmd (config),
pduBody (cmdBody _ CONFIG-CMD1Body) } )

_CONFIG-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),

config_mode Unsigned8 { pActive (0),
reserve2 OCTET STRING SIZE (10) }

_CONFIG-RSP1-PDU = _RSP1-PDU (WITH COMPONENTS {..., rcmd (config) } )

a)

config_mode field
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config_mode
This field shall contain the mode of device configuration.

This field shall be coded as data type Unsigned8 with the following value range.

— pActive ('00'H): to recalculate with the parameters and set up;
— '01'H to 'FF'H: reserved.

4.3.1.6 ALM_RD command and response

Ai.fv’i_RD byIIIIL)UiiLCb dll “didIIII'ICdUI" l.aUIIIIIIdIIUI. Rb‘bb‘ivillg “Iib l.aUIIIIIIdIIUI, tilc biavc bild“ Ic id
a pet of alarm data that includes details of status of alarm and warning into ALM_RD-RSP|1-
PDU.alm_data field and shall respond with it. The semantics and data types of the alm, data
mpy be dependent on each device model.

_ALM_RD-CMD1-PDU 1= _CMD1-PDU (WITH COMPONENTS
{..., cmd (alm_rd),

pduBody (cmdBody _ALM_RD-CMD1Body),} )
ALM_RD-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),
alm_rd_mode Unsigned8 { currentAlm (0)},
reserve2 OCTET STRING(SIZE (10) }
ALM_RD-RSP1-PDU 1= _RSP1-PDU (WITH COMPONENTS
{..., rcmd (alm_rd),

pduBody (rspBody'_ALM_RD-RSP1Body) } )
ALM_RD-RSP1Body ::= SEQUENCE { alm_data Unsigned8 { currentAlm (0)},
alm_data. OCTET STRING SIZE (10) }
a)l alm_rd_mode field

alm_rd_mode
This field shall contain the mode for the alarm reading.

This field shall be coded as data type-Unsigned8 with the following value range.

— currentAlm ('00'H): to read out the current alarm/warning state;
— 01'H to 'FF'H: reserved.
b)] alm_data field

alm_data
This field shall contain the read alarm status corresponding to alm_rd_mode.

4.B3.1.7 ALM_CLR command and response

ALM_CER- symbolizes an “alarm-clear” command. Receiving this command, the slave shall

clear internal alarm and warning status and shall respond to tell completion of the command

This command cannot work to solve a cause of alarm or warning. The command should be
issued after solved the real causes or problems, to recover the device status to normal.

_ALM_CLR-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS
{..., cmd (alm_clr),
pduBody (cmdBody _ALM_CLR-CMDBody) })
_ALM_CLR-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),
alm_clr_mode Unsigned8 { cAlmClear(0) },
reserve2 OCTET STRING SIZE (10) }
_ALM_CLR-RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (alm_clr),
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pduBody (rspBody _ALM_CLR-RSP1Body) } )
_ALM_CLR-RSP1Body ::= SEQUENCE { alm_cIr_mode Unsigned8 { cAlmClear(0) },
reserve  OCTET STRING SIZE (10) }
a) alm_clr_mode field

alm_clr_mode
This field shall contain the mode for alarm clear.

This field shall be coded as data type Unsigned8 with the following value range.

—  cAImClear ('O0'H): to clear the curreni alarm/warning status;
— '01'H to 'FF'H: reserved.

4.3.1.8 SYNC_SET command and response

SYNC_SET symbolizes a “set into synchronous-state” command. Receiving ¢his command,
the slave shall make a transition of slave PM (FDCPM-S) from S2: AsyncConnécted state irltao
S3: SyncConnected state. And receiving the response, the master shall make a similar
transition of master PM (FDCPM-M) from S2: AsyncConnected state inte’ S3: SyncConnect¢d
stpte. See 8.2.4 and for more details.

wn

YNC_SET-CMD1-PDU = _CMD1-PDU (WITH COMPONENTS {..., cmd'(sync_set) } )
YNC_SET-RSP1-PDU = _RSP1-PDU (WITH COMPONENTS {.../fcmd (sync_set) } )

wn

4.3.1.9 CONNECT command and response

Exchange this command and response, the masfer’and the slave shall establish a FDC AR
cgnnection. At that time, some communication options or parameters can be specified with
the PDUs. They shall make their transition 6f\each PM; FDCPM-M and FDCPM-S. See 8.2.4
and 8.2.5 for more details.

_JONNECT-CMD1-PDU ::=_CMD1-PDUXWITH COMPONENTS
{..., cmd (connect),
pduBody (cmdBody _CONNECT-CMD1Body) } )

JONNECT-CMD1Body ;= SEQUENCE { reserve1 OCTET STRING SIZE (3),

ver Unsigned8,

com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),
reserve2 BIT STRING SIZE (3),

subcmd  BIT STRING SIZE (1) },

com_time Unsigend§,
reserve2 OCTET STRING SIZE (8) }
_CONNECT-RSP1-PDU ::=_RSP1-PDU (WITH COMPONENTS

{..., rcmd (connect),
pduBody (rspBody _CONNECT-RSP1Body) } )
_CONNECT-RSP1Body ::= SEQUENCE { ver Unsigned8,

com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),
reserve2 BIT STRING SIZE (3),
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subcmd BIT STRING SIZE (1) },
com_time Unsigend8,
reserve  OCTET STRING SIZE (10)}
com_mod field

com_mod
This field shall contain several modes about communication in the connection.

syncmode
This bit field shall indicate the communication mode.

b)

cq
TH

cycle period.

TH

4.3.1.10 DISCONNECT command and response

E
cq

transition of each PM:* FDCPM-M and FDCPM-S. See 8.2.4 and 8.2.5 for more details.

O
O

4,

ISCONNECT-CMD1-PDU  ::= _CMD1-PDU (WITH COMPONENTS {..., cmd (disconnect) } )
ISCONNEEF:RSP1-PDU  ::= _RSP1-PDU (WITH COMPONENTS {..., rcmd (disconnect) } )
3.1{11 PPRM_RD command and response

0: asynchronous communication state;

1: synchronous communication state.
dtmode
This bit field shall indicate the transfer mode
This field shall be with the following value range.

'00'H: single transfer mode;
'01'H: dual transfer mode;
02'H to '03'H: reserved.

subcmd

This bit field shall indicate whether to use subcommand or not.
0: Subcommand field disabled;
1: Subcommand field enabled.

com_time field

m_time
is field shall contain the communication «¢ycle period in the form of a multiple of the transmissipn

e value range shall be from 0 to 255)

change this command“and response, the master and the slave shall release a FDC AR
nnection and specified communication options shall be reset. They shall make thgir

PRM_RD symbolizes a “PROM-parameter-read” command. Receiving this command, the
slave shall read a specified parameter on E2PROM or non-volatile memory into PPRM_RD-
RSP1-PDU.parameter field and shall respond with it

_PPRM_RD-CMD1-PDU 1= _CMD1-PDU (WITH COMPONENTS

{..., cmd (pprm_rd),

pduBody (cmdBody _PPRM_RD-CMD1Body) } )
_PPRM_RD_CMD1Body ::= SEQUENCE{ reserve1 OCTET STRING SIZE (3),

pNo Unsigned16,
pSize Unsigned8,
reserve2 OCTET STRING SIZE (8)}
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_PPRM_RD-RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (pprm_rd),
pduBody (rspBody _PPRM_RD-RSP1Body) } )

_PPRM_RD-RSP1Body ::= SEQUENCE { pNo Unsigned16,
pSize Unsigneds,
parameter OCTET STRING SIZE (8) }
a) pNo field
pNo
THhis field shall contain the parameter number to read out.
The value range shall be from 0 to 65 535.
b) pSize field
pYize
This field shall contain an octet size of the parameter.

TH

c)

e value range shall be from 0 to 255.

parameter field

parameter

TH
m

4,

PH
sl

is field shall contain the data corresponding to pNo. The(data size, data structure and
baning may depend on the pNo.

3.1.12 PPRM_WR command and response

PRM_WR symbolizes a “PROM-parameter-write” command. Receiving this command, t
hve shall write a specified parameter value from PPRM_WR-CMD1-PDU.parameter field

he
to
he

E2PROM or non-volatile memory and shall respond with the echo of it to tell completion of t
cgmmand.
_APRM_WR-CMD1-PDU ::= _CMD1-PDUWITH COMPONENTS

{..., cmd (pprm_wr),

pduBody (cmdBody _ PPRM_WR-CMD1Body) } )

_APRM_WR_CMD1Body 112\ SEQUENCE { reserve OCTET STRING SIZE (3),

pNo Unsigned16,

pSize Unsigneds,

parameter OCTET STRING SIZE (8) }
_APRM_WR-RSP1:PDU 2= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) })
_APRM:WR-RSP1Body ::= SEQUENCE { pNo Unsigned16,

in-;n IIncignnr’lR’

parameter OCTET STRING SIZE (8) }
a) pNo field
pNo

This field shall contain the parameter number to write in.

The value range shall be from 0 to 65 535.

b)

pSize field

pSize
This field shall contain the octet size of the parameter.

The value range shall be from 0 to 255.
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c) parameter field

parameter
This field shall contain the data to write corresponding to pNo. The data size, data structure
and its meaning may depend on the pNo.

4.3.2 Long PDU type

4.3.21 NOP command and response

See 4.3.1.1

_NOP-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS {..., cmd (nop) } )
_NOP-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS {..., remd (nop) } )

4.3.2.2 PRM_RD command and response

S¢e 4.3.1.2.
_ARM_RD-CMD2-PDU ::= _CMD2-PDU ( WITH COMPONENTS
{..., cmd (prm_rd),
pduBody (cmdBody _PRM_RD-CMD1Body) } )
_HARM_RD-RSP2-PDU ::= _RSP2-PDU ( WITH COMPONENTS

{..., rcmd (prm_rd);
pduBody (rspBody _PRM_RD-RSP1Body) } )

4.3.2.3 PRM_WR command and response

S¢e 4.3.1.3.
_ARM_WR-CMD2-PDU 1= _CMD2-PDU ( WITH COMPONENTS

{..., cmd (prm_wr),

pduBody (cmdBody PRM_WR-CMD1Body) } )
_ARM_WR-RSP2-PDU #=3RSP2-PDU (WITH COMPONENTS
{..., rcmd (prm_wr),

pduBody (rspBody _PRM_WR-RSP1Body) } )
48.2.4 ID_RD command and response
S¢e 4.3 14"
_Ib~RD-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS

{..., cmd (id_rd),
pduBody (cmdBody _ID_RD-CMDBody) })
_ID_RD-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS
{..., rcmd (id_rd),
pduBody (rspBody _ID_RD-RSPBody) } )

4.3.2.5 CONFIG command and response
See 4.3.1.5.

_CONFIG-CMD2-PDU ;= _CMD2-PDU (WITH COMPONENTS
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{..., cmd (config),
pduBody (cmdBody _ CONFIG-CMD1Body) })

_CONFIG-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS {..., rcmd (config) } )
4.3.2.6 ALM_RD command and response
See 4.3.1.6.
/ LM _PD._CMND2.DNOLI — CMD2. PNl (\I\IITI—I COMPONENTS
{..., cmd (alm_rd),
pduBody (cmdBody _ALM_RD-CMD1Body) } )
_ALM_RD-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS
{..., rcmd (alm_rd),
pduBody (rspBody _ALM_RD-RSP1Body) },)
4.3.2.7 ALM_CLR command and response
S¢e 4.3.1.7.
_ALM_CLR-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS
{..., cmd (alm_clr),
pduBody (cmdBody) _ALM_CLR-CMDBody) })
_ALM_CLR-RSP2-PDU ::= _RSP2-PDU (WITH COMPQNENTS
{..., rcmd (alfm_clr),
pduBody (rspBody _ALM_CLR-RSP1Body) } )
4.3.2.8 SYNC_SET command and response
S¢e 4.3.1.8.
_S§YNC_SET-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS {..., cmd (sync_set) } )
_SYNC_SET-RSP2-PDU #=NRSP2-PDU (WITH COMPONENTS {..., rcmd (sync_set) } )
4.3.2.9 CONNECT command and response
S¢e 4.3.1.9.
_JONNECT{CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS
{..., cmd (connect),
pduBody (cmdBody _CONNECT-CMD1Body) } )
_CONNECT-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS
{..., rcmd (connect),
pduBody (rspBody _CONNECT-RSP1Body) } )
4.3.2.10 DISCONNECT command and response
See 4.3.1.10.
_DISCONNECT-CMD2-PDU  ::= _CMD2-PDU (WITH COMPONENTS {..., cmd (disconnect) } )

_DISCONNECT-RSP2-PDU  ::= _RSP2-PDU (WITH COMPONENTS {..., rcmd (disconnect) })
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4.3.2.11 PPRM_RD command and response

See 4.3.1.11.
_PPRM_RD-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS

{..., cmd (pprm_rd),

pduBody (cmdBody _ PPRM_RD-CMD1Body) })
_PPRM_RD-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS

{..., rcmd (pprm_rd),
pduBody (rspBody _PPRM_RD-RSP1Body) } )

4.3.2.12 PPRM_WR command and response

Se¢e 4.3.1.12.
_APRM_WR-CMD2-PDU 1= _CMD2-PDU (WITH COMPONENTS
{..., cmd (pprm_wr),
pduBody (cmdBody _PPRM_WR-CMD1Body) } )
APRM_WR-RSP2-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) } )

4.3.3 Enhanced PDU type

4.3.3.1 NOP command and response

S¢e 4.3.1.1.

_NOP-CMD3-PDU ::= _CMD3-PDUSWITH COMPONENTS{..., cmd (nop) } )
NOP-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS {..., rcmd (nop) } )

4.3.3.2 PRM_RD command and response

S¢e 4.3.1.2.
_ARM_RD-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
{..., cmd (prm_rd),
pduBody (cmdBody _PRM_RD-CMD3Body) } )
_ARM_RD=6MD3Body ::= SEQUENCE{ pNo Unsigned16,
pSize Unsigned8,
reserve OCTET STRING STZE (912513 1157)}
_PRM_RD-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (prm_rd),
pduBody (rspBody _PRM_RD-RSP3Body) } )
_PRM_RD-RSP3Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigneds8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8]|24]40|56) }
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4.3.3.3 PRM_WR command and response
See 4.3.1.3.

_PRM_WR-CMD3-PDU 1= _CMD3-PDU (WITH COMPONENTS

{..., cmd (prm_wr),

pduBody (cmdBody _PRM_WR-CMD3Body) } )

_PRM_WR-CMD3Body ::= SEQUENCE { pNo Unsigend16,
pSize Unsigends,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8|24]40|56) }
ARM_WR-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (prm_wr),
pduBody (rspBody _PRM_WR-RSP3Body) } )
ARM_WR-RSP3Body ::= SEQUENCE { pNo Unsigend16,
pSize Unsigends,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8|24]40|56) }

43.3.4 ID_RD command and response

I0_RD symbolizes a “device-ID-read” command. Rece€iving this command, the slave shall
repd a part of a specified item in the Device Infofmation into ID_RD-RSP3-PDU.idData figld
arnd shall respond with it. The semantics and.data types of the Device Information may be
dgpendent on each device model, as shown jn‘Ahnex B.

_Ib_RD-CMD3-PDU 1= _CMD3-PDU (WAITH COMPONENTS
{..., cmd (id_rd),
pduBody (cmdBody _ID_RD-CMD3Body) } )
_Ib_RD-CMD3Body ::= SEQUENCE { idCode Unsigned8,

idOffcet Unsigned8,
idSize Unsigned16 ,
reserve  OCTET STRINGSIZE (0]8]|24|40|56)}
D_RD-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (id_rd),
pduBody (rspBody _ID_RD-RSP3Body) } )
D_RD-RSPR3Body ::= SEQUENCE { idCode Unsigned8,
idOffcet Unsigned8,
idSize Unsigned16,
idData OCTET STRING SIZE (0|8|24|40|56) }

a) idCode field

idCode

This field shall contain the device-ID code to read out.
The value range shall be from 0 to 255. See B.2.2.

— '00'H: reserved;

— '01'H: Vender ID code;

— '02'H: Device code or device model code;
— '03'H: Device version;
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'04'H
'05'H
'06'H
'07'H

"10'H:
"T1'H:
"12'H:

— 44 —

: Version of Device Information file;

: Number of extended addresses;

: Serial number of product;

to 'OF'H: reserved;

Supported device profile code (primary);
Supported device profile version (primary);

Supported device profile code (secondary);

IEC 61158-6-24:2014 © IEC 2014

3"
"14'H:
"16'H:
"16'H:
"17'H:
"18'H:
"19'H:
"TAH:
"1B'H:
"1C'H:
"1D'H:

"E'H
'20'H
'21'H
'22'H
'30'H
'31'H
'38'H
'39'H
'40'H
'41'H
'80'H
'81'H
'90'H
'91'H
'98'H
'99'H

Supported device profile version (secondary);
Supported device profile code (tertiary);
Supported device profile version (tertiary);
Minimum transmission cycle;

Maximum transmission cycle;

Granularity of transmission cycle;

Minimum communication cycle ;

Maximum communication cycle ;

Number of the transmittable octets;

Device profile code (current setting);
to "1F'H: reserved;

: Supported communication mode list;
: MAC address;

to '2F'H: reserved;

: Supported main command list;

to '37'H: reserved;

: Supported sub command list;

to '3F'H: reserved;

: Supported common parameter list;
to '7F'H: reserved;

: Name of-main device;

to 8F'H: reserved;

“Name of sub device 1;

to '97'H: reserved;

: Version of sub device 1;

to '9F'H: reserved;

Number of the transmitted octets (current setting);

'‘A0'H
'‘AT'H
'‘A8'H
'‘A9'H
'BO'H
'B1'H
'‘B8'H
'BO'H
'CO'H

: Name of sub device 2;
to 'A7'H: reserved,;

: Version of sub device 2;
to 'AF'H: reserved;

: Name of sub device 3;
to 'B7'H: reserved,;

: Version of sub device 3;
to 'BF'H: reserved;

to 'FF'H: reserved for vender specific information.
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b) idOffset field

idOffset

This field shall contain the offset address of the device-ID to read out.
The value range shall be from 0 to 255.

c) idSize field
idSize
This field shall contain the read octet size of the device-ID.

The value range shall be from 0 to 255.

d)| idData field
idData

This field shall contain the read data corresponding to the idCode. The data size, data

stfucture and its meaning may depend on the idCode. See B.2.2.

4.3.3.5 CONFIG command and response
Se¢e 4.3.1.5. The code of “config_mode” shall be enhanced.

_JONFIG-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS

{..., cmd (config),
pduBody (cmdBod{x _CONFIG-CMD3Body) } )

_(JONFIG-CMD3Body ::= SEQUENCE {config_mode Unsgigned8 {pActive (0), pAllSave (1), pReset(2)},
reserve  OETET STRING SIZE (3]11]27|43|59)}
_JONFIG-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd(config),

pduBody (rspBody _ CONFIG-RSP3Body) } )
JONFIG-RSP3Body ::= SEQUENCE{config_mode Unsigned8 {pActive (0), pAllSave (1), pReset(2)},
reserve OCTET STRING SIZE (3|11]27|43|59) }
a)l config_mode field

cgnfig_mode
This field shall contain the mode of device configuration.

This field shall be coded as data type Unsigned8 with the following value range.

pActive ('00/H): to recalculate with the parameters and set up;

pAllSave ('01'H): to write parameters into nonvolatile memory with batch;

pReset ('02'H): to restore to the factory setting of parameters;
'03'H to 'FF'H: reserved.

4336 ALM RD command and response

See 4.3.1.6. The code of “alarm_rd_mode” and corresponding alm_data shall be enhanced.

_ALM_RD-CMD3-PDU _CMD3-PDU (WITH COMPONENTS
{..., cmd (alm_rd),
pduBody (cmdBody _ALM_RD-CMD3Body) } )
SEQUENCE{ alm_rd_mode Unsigned16
{ currentAlm (0), historyAlm (1),

cAlmDetail (2), hAlmDetail (3)} ,

_ALM_RD-CMD3Body

alm_index Unsigned16 (0..11) ,
reserve  OCTET STRING SIZE (0|8]24]40|56) }
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_ALM_RD-RSP3-PDU _RSP3-PDU (WITH COMPONENTS
{..., rcmd (alm_rd),
pduBody (cmdBody _ID_RD-RSP3Body) })
SEQUENCE{ alm_rd_mode Unsigned16
{ currentAlm (0), historyAlm (1),
cAlmDetail (2), hAlmDetail (3)} ,
alm_index Unsigned16 (0..11) ,

alm data OCTET STRING SIZE (8]24]40(56) }

_ALM_RD-RSP3Body

a)l alm_rd_mode field

alm_rd_mode

This field shall contain the mode for the alarm reading.

This field shall be coded as data type Unsigned8 with the following value range;

— currentAlm ('00'H): to read out the current alarm/warning state;

— historyAlm ('01'H): to read out the alarm history;

— cAlmDetail ('02'H): to retrieve details of individual current alarm/warning information;
— hAImDetail ('03'H): to retrieves details of individual alarm history information;

— '04'H to 'FF'H: reserved.

b)] alm_index field

alm_index

This field shall contain the index for reading point of alarm/warning.

The value range shall be from 0 to 11.

c)| alm_data field

alm_data
This field shall contain the read alarm-§tatus corresponding to alm_rd_mode.

4.8.3.7 ALM_CLR commangdand response
S¢e 4.3.1.7. The code of “almy clr_mode” shall be enhanced.

_ALM_CLR-CMD3-PDU ;1= _CMD3-PDU (WITH COMPONENTS
{..., cmd (alm_clr),
pduBody (cmdBody _ALM_CLR-CMD3Body) })
SEQUENCE { alm_clr_mode Unsigned16 { cAlmClear (0), hAImClear(1)} ,
reserve OCTET STRING SIZE (2|10]|26]42|58)}

ALM_CtR-RSP3-PDU 1= _RSP3-PDU (WITH COMPONENTS

ALM_CLR-CMD3Body

{..., rcmd (alm_clr),
pduBody (rspBody _ALM_CLR-RSP3Body) })

_ALM_CLR-RSP3Body ::= SEQUENCE { alm_clIr_mode Unsigned16 { cAImClear (0), hAlmClear(1)},
reserve OCTET STRING SIZE (2|10]26|42|58)}

a) alm_clr_mode field

alm_clr_mode

This field shall contain the mode for alarm clear.

This field shall be coded as data type Unsigned8 with the following value range.

— cAlmClear ('00'H): to clear the current alarm/warning status;
— hAImClear ('01'H): to clear the alarm history;
— '02'H to 'FF'H: reserved.
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4.3.3.8 SYNC_SET command and response

See 4.3.1.8.
_SYNC_SET-CMD3-PDU == _CMD3-PDU (WITH COMPONENTS{..., cmd (sync_set) } )
_SYNC_SET-RSP3-PDU == _RSP3-PDU (WITH COMPONENTS {..., rcmd (sync_set) } )

4.3.3.9 CONNECT command and response

S¢e 4.3.7.9. The Tield of "profile_type” shall be enhanced.

_JONNECT-CMD3-PDU ::=_CMD3-PDU (WITH COMPONENTS
{..., cmd (connect),
pduBody (cmdBody _CONNECT-CMD3Body) }.)
JONNECT-CMD3Body ::= SEQUENCE { ver Unsigned8,
com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE"(1),
dtmode BIT STRING\SIZE (2),
reserve2 BIT STRING SIZE (3),
subcmd BIT\STRING SIZE (1) },
com_time Unsigefd8
profile_type/Unsigned8
reserve, MOCTET STRING SIZE (0|8]|24]40|56) }
JONNECT-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{...,.f€md (connect),
pduBody (rspBody _CONNECT-RSP3Body) } )
JONNECT-RSP3Body ::= SEQUENCE/{ ver Unsigned8,
com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),
reserve2 BIT STRING SIZE (3),
subcmd BIT STRING SIZE (1) },
com_time Unsigend8
profile_type Unsigned8
reserve  OCTET STRING SIZE (0]8]|24|40|56)}
a)| profile_type field

protiie_ty
This field shall contain the device profile code to be used. As for the device profile, see 4.4 and

Annex A.

The value range shall be from 0 to 255.

4.3.3.10 DISCONNECT command and response
See 4.3.1.10.

_DISCONNECT-CMD3-PDU  ::= _CMD3-PDU (WITH COMPONENTS {..., cmd (disconnect) } )
_DISCONNECT-RSP3-PDU  ::= _RSP3-PDU (WITH COMPONENTS {..., rcmd (disconnect) } )
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4.3.3.11 PPRM_RD command and response

See 4.3.1.11.
_PPRM_RD-CMD3-PDU ;1= CMD3-PDU (WITH COMPONENTS

{..., cmd (pprm_rd),

pduBody (cmdBody _PPRM_RD-CMD3Body) })
_PPRM_RD_CMD3Body ::= SEQUENCE{ pNo Unsigned16,

pSize Unsigned8

reserve  OCTET STRING SIZE (1]9]25|41|57)}
_PAPRM_RD-RSP3-PDU 1= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (pprm_rd),

pduBody (rspBody _PPRM_RD-RSP3Body) })
_HAPRM_RD-RSP3Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigned8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE((0]8|24|40|56) }

4.3.3.12 PPRM_WR command and response

S¢e 4.3.1.12.
_APRM_WR-CMD3-PDU 1= _CMD3-PDU (WITH COMPONENTS
{..., cmd (pprm_wr),
pduBody' (cmdBody _PPRM_WR-CMD3Body) } )
_APRM_WR_CMD3Body ::= SEQUENCE { pNo'lUnsigend16,
pSize Unsigend8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8|24]40|56) }
_HAPRM_WR-RSP3-PDU ;= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (pprm_wr),
pduBody (rspBody _PPRM_WR-RSP3Body) } )
_APRM_WR-RSP3Body ::= SEQUENCE { pNo Unsigend16,

pSize Unsigends,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0]8]|24]40|56) }

432343 MEM_RD command and response

MEM_RD symbolizes a “memory-read” command. Receiving this command, the slave shall
read a chunk of specified virtual memory into MEM_RD-RSP3-PDU.data field and shall
respond with it

As for virtual memory, see Annex A.

_MEM_RD-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
{..., cmd (mem_rd),
pduBody (cmdBody _MEM_RD-CMD3Body) } )
_MEM_RD-CMD3Body ::=SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {
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data_type BIT STRING SIZE (4),
mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32,
reserve OCTET STRING SIZE (4]20]36|52)}
_MEM_RD-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (mem_rd),
pduBody (rspBody MEM RD-RSP3Body) })
MEM_RD-RSP3Body ::=SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {
data_type BIT STRING SIZE*(4),
mode BIT STRING_SIZE (4) },

mSize Unsigned16,

mAddress Unsigned32,

data OCTET STRING SIZE (4]20]86|52) }
a)) mMode field

mMode

This field shall contain the mode for the memory reading-out,

data_type
This bit field contains a type of the memory as source to read out.
'00'H: reserved;
'01'H: Volatile memory;
'02'H: Non-volatile memory;
'03'H to 'FF'H: reserved.
mode

This bit field contains the\data type of the specified data on memory to read out.

'00'H: reserved;

'01'H: Integers;

'02'H: Integer16;

'03'H: Integer32;

'04'H: Integer64;

'05'H to 'FF'H: reserved.

O

)| mSizefield

The value range shall be from 0 to 20.

¢) mAddress field

mAddress
This field shall contain the start address of memory to read out.

The value range shall be from 0 to 'FFFF FFFF'H.

d) data field

data
This field shall contain the read data with the specified mMode, mSize and mAddress.
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4.3.3.14 MEM_WR command and response

MEM_WR symbolizes a “memory-write” command. Receiving this command, the slave shall
write a chunk of specified virtual memory value from MEM_WR-CMD3-PDU.data field to the
memory and shall respond with the echo of it to tell completion of the command.

As for virtual memory, see Annex A.

_MEM_WR-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
{..cmd (mem_wr)
pduBody (cmdBody _MEM_RD-CMD3Body) })
MEM_WR-CMD3Body ::=SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {
data_type BIT STRING SIZE (4),
mode BIT STRING'SIZE (4) },

mSize Unsigned16,
mAddress Unsigned32,
data OCTET STRING SIZE'(#20|36|52) }
MEM_WR-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (mem_wr),

pduBody (rspBody, "MEM_RD-RSP3Body) } )
MEM_WR-RSP3Body ::=SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {

data_type BIT STRING SIZE (4),

mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32
data OCTET STRING SIZE (4]20]36|52) }

a)) mMode field
mMode
This field shall contain the:mede for the memory writing-in.

data_type
This bit fieldishall contain a type of the memory as destination to write in.
'00'H: reserved;
'01'H: Volatile memory;
'02'H: Non-volatile memory;
'03'H to 'FF'H: reserved.

mode

This bit field shall contain the data type of the specified data on memory to write in.

'00'H: reserved;

'01'H: Integer8;

'02'H: Integer16;

'03'H: Integer32;

'04'H: Integer64;

'05'H to 'FF'H: reserved.
b) mSize field
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mSize
This field shall contain the number of data on memory to write in.

The value range shall be from 0 to 20.

¢) mAddress field

mAddress
This field shall contain the start address of memory to write in.

The value range shall be from 0 to 'FFFF FFFF'H.

d)| data field

data
This field shall contain the data to write with the specified mMode, mSize and mAddress.

4.3.4 SubCommand PDU type

4.3.41 NOP sub command and response

S¢e 4.3.1.1.

_NOP-SUBCMD-PDU ::= _USUBCMD-PDU (WITH COMPONENTS {.-, subcmd (nop) } )
_NOP-SUBRSP-PDU ::= _USUBRSP-PDU (WITH COMPONENTS {;.., rsubcmd (nop) } )

4.3.4.2 PRM_RD sub command and response
Se¢e 4.3.1.2.

ARM_RD-SUBCMD-PDU ::= _USUBCMD-PDU (WIFH COMPONENTS
{..., subcmd (prm_rd),
pduBody (cmdBody _PRM_RD-CMD1Body) })
ARM_RD-SUBRSP-PDU ::= _USUBRSP=<PDU (WITH COMPONENTS
{..., rsubcmd (prm_rd),
pduBody (rspBody _PRM_RD-RSP1Body) } )

4.3.4.3 PRM_WR sub command and response

S¢e 4.3.1.3.
_ARM_WR-SUBEMD-PDU ::= _USUBCMD-PDU (WITH COMPONENTS

{..., subcmd (prm_wr),

pduBody (cmdBody _PRM_WR-CMD1Body) } )
_ARMYWR-SUBRSP-PDU ::= _USUBRSP-PDU (WITH COMPONENTS

{..., rsubcmd (prm_wr),

pduBody (rspBody _PRM_WR-RSP1Body) } )

4.3.4.4 ALM_RD sub command and response
See 4.3.1.5.

_ALM_RD-SUBCMD-PDU 2= _USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (alm_rd),

pduBody (cmdBody _ALM_RD-CMD1Body) })
_ALM_RD-SUBRSP-PDU ::= _USUBRSP-PDU (WITH COMPONENTS
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{..., rsubcmd (alm_rd),

pduBody (rspBody _ALM_RD-RSP1Body) } )

4.3.4.5 PPRM_RD sub command and response

See 4.3.1.11.

_PPRM_RD-SUBCMD-PDU

::= _USUBCMD-PDU (WITH COMPONENTS

L subemd-{oprm—rd)
LS AV o 7

APRM_RD-SUBRSP-PDU

pduBody (cmdBody _ PPRM_RD-CMD1Body) } )
_USUBRSP-PDU (WITH COMPONENTS
{..., rsubcmd (pprm_rd),
pduBody (rspBody _PPRM_RD-RSP1Body) } )

4.3.4.6 PPRM_WR sub command and response

S¢e 4.3.1.12.

APRM_WR-SUBCMD-PDU

APRM_WR-SUBRSP-PDU

4.4 Device profile

Aflfield device may provide some sets of field-device-dependent PDUs and their CMDCod
for FDC service, called field device profiles. The user of an FDC master can decide which
them he should choose for FDC communication when the connection of FDC protocol

edtablished.

_USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (pprpn_wr),

pduBody (cridBody PPRM_WR-CMD1Body) } )

::= _USUBRSP-PDU (WITH COMPONENTS

{..., rsubemd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) } )

The device Profile system and related information are shown in Annex A.

5| Transfer syntax

5.1 Concepts

The Type 24 FAL is a technology for a time critical application. Therefore, it is important
mpke the size of encoded data compact, and to enable to encode and decode in a simp

bs
of
S

to
le

manner.

Consequently, the encoding and decoding processes shall be defined as such specific to the
Type 24 FAL, and require neither any commonality with the other protocol type nor versatility.
The data format and the encode rule of APDU shall be pre-defined for entities that transfer
the data, and require no presentation layer service.

In the encoding rule of the Type 24 FAL, the tag (data type code) and the data length need
not be encoded and the only values of each data types defined with ASN.1 abstract syntax
shall be encoded into a data row.

The length of PDU shall be fixed in case of a FDC service where the time factor is particularly
strict. For a MSG service where the time factor is not so strict, PDU with variable length can
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be transferred. In this case, a data field that specifies the data length should be defined in the

abstract syntax explicitly.

The order of the bits flow on the transmission path should be defined by the lower layer.

5.2 Encode rules
5.2.1

INTEGER and

its derivatives;

INTEGER and its subtypes

Integer8, Integer16,

Integer32,

Integer64, Unsigned

81

Unsigned16, Unsigned32 and Unsigned64; shall encode and transfer only the data value

their octet size.

The encoded form of Integer8, Integer16, Integer32 and Integer64 shall consist of‘a)sign bif:
the most significant bit (see Figure 2). The val shall contain the value itself. when it is 0
a |positive number (the sign bit is '0'B). When val is a negative number (the sign bit is '1'H
the encoded data shall be represented as a complement of 2 by using s and\val.

on

NQTE This encode rule is applied to the data structure when PDU is transferred, but'néed not specifies the da

strjucture on an actual memory in the data processing system in an actual device.

MSH
G2

56 55

48 47

40 39

M5B
31 30 24 23

MSE
1914 8 7 0

Integer8
MSE LSE
1 6 0

5 val

Integer16
LSH

5

:ml

Integerd?

16 15 8 7 0

ootetl octetl

LSE

5 |
I

heal '

octetd

Integertd

24 23

octet?

16 15 g 7 0

octetl octetl

LSB

32 31

of

5 | [
| |

al '
| |

octet? noteth

s: sign bit (0: +/ 1: -)

val: positive value, if s=0;

octeth

octetd octetd

“s+val” represents a negative value as a complement of 2, if s=1.

octet?

Figure 2 — Encode of Integer subtypes

octetl octetl
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When transferring the data of a multi-octets’ data type, the octets shall be transmitted in order

fr

fr

om the lower octet to the higher octet (see the example in Figure 3).

_ExampleTypel = INTEGER size(4)

exampleValeul ExampleTypel := '0123 4567 H
67" H ‘45 H 23" H 017 H
(octetld) | (octetl) | (octet?) | (octetd)

Leading octet Trailing octet

-
-

Figure 3 — Example of transfer of INTEGER value

In[ the encoded form of Unsigned8, Unsigned16, Unsigned32 and Unsigned64; the numeri
vdlue data (val) shall be set in the data area of its octet size as shown in Figure 4. In this ca
the numeric value shall be set in order that the number in a lower digit is put into a lower bit
sgquence, and 0 value shall be set to the unused upper bit.

hen transferring data of a multi-octets’ data type, the octets ;shall be transmitted in ord

5e,
in

m the lower octet to the higher octet.
LUnsigreds
MSE LSE
/ 0
val
Unsigned16
MSB LSH
15 a7 0
T
vl
I
octet octetD
Unsigned32
MSB LSHE
31 24 23 16 15 8 7 0
T T T
I vhl |
| I I
octetd octet? octet octetd
Unsignedid
MSE LSE
63 56 55 48 47 40 39 32 31 24 23 16 15 a7 0
T T 1 I I T |
[ I | vhl | | |
| 1 | | | | 1
octet? octeth octetd octetd octetd octet? octet octetl

Figure 4 — Encode of Unsigned subtypes
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5.2.2 REAL type and its subtypes

The Type 24 FAL does not directly define the data of REAL type within the abstract syntax,
and uses Float32 and Float64 that are derivatives of REAL type. This encoding shall comply
with ISO/IEC/IEEE 60559. The encoded formats of them are shown in Figure 5 and Figure 6.

Float32
MSE LSB
31 30 23 22 0
s Expas Fractionss
1bit Bbits 23bits

Figure 5 — Float32 type encode

DIta of Float32 type shall be 4 octets’ data as shown in Figure 40The octets shall be
transmitted in order from the lower octet to the higher octet. In this’case, the value of the
flgating-point data of Float32 type shall be calculated by using the following formula:

f|(l)at32 = (— l)S X C3p X 2(132 f

where

s @ sign bit (0:+ / 1:-),

c3p = (1 %223 4 Fractiongo )x 2723

bA+_,,+b_0 “mantissa,
52 523

g3, = Expgp —127 : exponent\(~127..127).

b
=1+22 4+

If poth Fractions, and Expy, equal 0, then floats, represents 0.

If |Fractiongp, equals 0 and Expy, equals 255, then floats, represents positive or negatiye
infinity as the sign bit s,

FloatB4
MSBE LSB
63 6¢ 52 51 0
5 Expsa Fractionga
Tbit T1bits DZbits

Figure 6 — Float64 type encode

Data of Float64 type shall be 8 octets’ data as shown in Figure 6. The octets shall be
transmitted in order from the lower octet to the higher octet. In this case, the value of the
floating-point data of Float64 type shall be calculated by using the following formula:

float64 = (—1)° x cgq x 2964,

where
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s : sign bit (0:plus / 1:minus ),

Ceq = (1 x252 4 Fractiongy )x 2752

b b b > mantissa,
_14 951 P50 0

> 2 5

qes = Expgq —1023 : exponent (-1 023..1 023).

If both Fractiong, and Exp64 equal 0, then floatg, represents 0.

If |Fractiong, equals 0 and Expg, equals 2 047, then floatg, represents positive or negati
infinity as the sign bit s.

5..3 BIT STRING type

In|BIT STRING type, the leading bit (0th bit) shall be corresponding to the LSB,of the encodéd
dgta and the trailing bit shall be corresponding to the MSB according to, the bit numbers

atfached to the named bits. However, the padding data shall be fulfilled by the octet boundary.

In|this case, an area may be reserved even for undefined bit; howeverthe value of the bit
nqgt defined. Figure 7 shows an example of the bit field definition in the)BIT STRING type.

Faor a BIT STRING data block of multi-octets’data size, the octéts shall be transmitted in ord

from the octet with a lower bit.

NQTE The definition of "leading bit" and "trailing bit" is according te\]SO/IEC 8824-1:2008, 22.2.
_BitField1 == BIT STRING{
bf1 (0),
bf2 (2,
bf3 (3),
bf4 (8)

_BitFieldl type
MSB LSE
Hit# 15 8 7 4 3 2 1 0

octetl | octetd |

Figure 7 — Bit field definition example with named bits

is

A bit field may be defined by combining SEQUENCE type and BIT STRING type. In this case,
the boundary of each field shall be defined according to the specified bit size and fill from the

lower bit (see the example shown in Figure 8).

To encode this bit field, an octet shall be filled from its lower bit according to the order defined
by the field definition described between "{" and "}" in the SEQUENCE syntax to define a data
area that is confined by the octet boundary. When undefined fraction bits remain, they shall

be a reserve area and their values shall be undefined.
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_BitField? == SEQUENCE]
cfl BIT STRING sizel(1),
cf? BIT STRING =ize(2),
cfd BIT STRING size{1),
cfd BIT STRING size(4),
cff BIT STRING size(1),
cff BIT STRING size(l)

_BitField2 type

M5B L3H
Hit# 15 12 11 O ] 7 4 3 2 1 0
cff cfa cf4 cfd cf2 efl
octetl | octetd |

Figure 8 — Bit field definition example with/field size

5.4 OCTET STRING type and IA5String type

Data of OCTET STRING type shall be transferred without converting the code in order frgm
the most significant octet of the given string data.

Data of IA5String type shall be encoded into awdata row (OCTET STRING) by converting the
given String data into a 1-octet code, according to ISO/IEC 646, one character by one
cHaracter, and then add one octet of null‘/Code ('00'H) to the last character code. The data
shall be transferred in order from the first\character code data.

5.2.5 NULL type

Fgor data of NULL type, the data length is 0 and no value exists. Therefore, it shall not be
erjcoded nor transferred.

5.2.6 Structure type and Array type

Among the elemeénts of the Structure type, the SEQUENCE type and SEQUENCE OF type
themselves shall.not be encoding. Components included in these types shall be encoded and
transferred dccording to each rule and the order of octet transfer, as shown in Figure 9.
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SEQUENCE[  fieldl [ =
field2 1\ cigneda
Meldd | BiT STRING size(16)
figlad Unsigned16
Hay Float32
el Unsigned16
field? Integerdz
T — End of SEQUENCE
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T
: (octetd)

-
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Figure 9 — SEQUENCE type encode

50 the CHOICE type itself shall not be encoding. To edit communication data in any one
Liltiple alternatives of this typel.the data should be selected according to the context of t
mmunication AP and thellagreement between the communication devices should
tablished. The method fer this process may depend on implementation and out of range
s standard. The data shall be encoded according to the rule of the selected component.

Structure of FAL protocol state machine

this clause-and subsequent ones, FAL ASEs are characterised with protocol state machi

(AM) models.

Al
fo

hough this type of fieldbus has its own structure of PMs, a mapping table is shown belg

a nda aVaila¥a oo hla 4 m-an hao ) o na—aonta hao N

he
he
of

ne

four-sublayered one adopted by most of other types, which contains AP-Context PM, FSPM,

ARPM, and DMPM.

Figure 10 shows the structure of PMs.

al

There is a formally defined AP-Context State Machine (APC SM) for FAL user’s initiation

of a specific communication application.

There is no formal definition of FSPM Machine just serving as an interface between FAL

User and ARPM. Instead of that, two types of protocol machines are defined:

o a set of Field Device Control machines (FDC PM) as master, slave, and monitor f
FDC service users;

or
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e a pair of Message machines(MSG PM) as requester and responder for Message
service users.

— Two different types of ARPM Machines are defined at the interface to the Data Link layer
(DLL) :

e a set of ARPM machines for connection-oriented application relationships between
classes of Master, Slave or Monitor of FDC Service;

e a kind of ARPM machines for connection-less application relationships between
classes of Requester and Responder of Messages Service.

_ . : et T - — BMPI—amified-mto
ARPM or APCSM instead. And DL services are used directly by ARPM or APCSM.

It is assumed that FDCPM functions in FDC ASE; and also MSGPM in MSG ASE;.ARPM [in
AR ASE; and AP-CONTEXT SM in FSM ASE.
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Table 4 — Mapping for Protocol State Machines
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AP Type ASE Activated Class Protocol Machine Mapping to
a typical structure for
most of other types
C1 Master AP | FSM ASE FieldbusSystemManager | APC SM AP-Context-PM
FDC ASE Master FDC PM-M FSPM
MSG ASE Requester MSG PM-RQ FSPM
Responder MSG PM-RS
AR ASE FDCMaster-AR ARPM-FDCM ARPNM WIth DMPM™
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
Slave AP FSM ASE FieldbusSystemManager | APC SM AP-Context-PM
FDC ASE Slave FDC PM-S FSPM
Monitor (option) FDC PM-MN
MSG ASE Responder MSG PM-RS FSPM
AR ASE FDCSlave-AR ARPM-FDCS ARPM*with DMPM
FDCMonitor-AR ARPM-FDCMN
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
C4 Master AP FSM ASE FieldbusSystemManager | APC SM AP-Context-PM
FDC ASE Monitor FDC PM-MN FSPM
MSG ASE Requester MSG PM-RQ FSPM
Responder MSG PM-RS
AR ASE FDCMonitor-AR ARPM-FDCMN ARPM with DMPM
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
FaL AE FAL AE
o | (FEPM) (FPM) | o7
AL Brvie T Encem | AR Service AR Serviee | FDGPM || "LC“;' oy
WIS Lo T Fd Req/Rsp with Il Tnf with s oty i
|" MSGRM G
\ \§j APDI
ARFM ;\\\ t\ ARPM
e DL Service DL S#rvice J_,..-"'f
: . Req Hep Ind Gt F ]
- BLS00 GLeoU | _—*

AP CONTXCT SM

WS L INOD JdY

Figure 10 — Structure of FAL protocol state machines
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7

7.

AP-context state machine (APC SM)

1 Overview

An AP-context is a set of information and rules related to a communication system. It shall be
created by instructions from an FAL user while the application process (AP) is invocated. For
example, it may contain selected communication parameters, based on the system
configuration, an application field of the system, the own device profile, and difference of
communication abilities between own device and peer ones.

In
th
in
ar

TH

this ASE model, an FAL should retain the information mentioned above within attributes
e FieldbusSystemManager class according to user’s instructions or configurations.™T
ormation should be able to characterize the AP types such as C1 Master, C2 Master,"Sla

of
he
e

d Monitor Slave. In addition, it should be able to configure other communication parameters
arjd the device profile; such as a servo drive, an inverter drive or an I/O device; in order
edtablish the communication environment.

to

e APCSM shall control a series of state transitions, in which a device. boots up, the APCSM

sHall get the AP-context data from the FAL user, and it shall initialize the FAL and the lower

la
re

TH
it
lo

Fi

alizes the service that the FSM ASE provides.

e APCSM need not directly edit an APDU, nor realize a pretocol to transfer PDUs. Howey,
may indirectly act as a trigger of PDU-exchange by using the other ASE service and t
ver layer service during the FAL initialization processe

gure 11 shows the APCSM statechart diagram.

ber with the context. In consequence, it shall enable steady communication. The APCSM

ne
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E7-E11,
E14, E15 or
E16
/T3

Figure 11 — Statechart diagram of APCSM

7.2 State descriptions

Table 5 describes each state of the APCSM.

Table 5 — State descriptions of APC SM

S# State Substate Description

SO Cleared - State when the FieldbusSystemManager Class of FSM
ASE has just been instantiated as this SM

All the entities in each layer and ASEs in the device are
reset to the initial state, and AP-context is cleared.

S1 Creating Transient state where AP-context or communication
environment is generated, based on the input CONTEXT-
DATA and the result of negotiation between the
corresponding devices

S2 Created - State when AP-context has been generated

S3 Activating - Transient state when entities in each layer and ASEs are
sequentially enabled
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S# State Substate Description
S4 Active - Steady state when all entities are activated and normal
communication services are provided
7.3 Triggering events

Table 6 lists each trigger events of the APCSM.

Iable 6 — Tri i d it £ APC SM

B# Trigger event: Event Associated parameters Description
Primitive or condition source
E1 FSM-Reset.req FAL user
E2 FSM-GetStatus.req FAL user INFO-ID
E3 FSM-SetContext.req FAL user CONTEXT-DATA
E4 FSM-GetContext.req FAL user
ES5 FSM-Start.req FAL user
EQ <s>-Open.cnf <s> ASE ServiceStatus
E7 DLM-SET-VALUE.cnf DLM Result
ES DLM-GET-VALUE.cnf DLM Result, Val
EZ DLM-DELAY.ind DLM Delay_‘Time
E10 DLM-DELAY .cnf DLM Délay_Time
E11 DLM-SET-COMMODE .cnf DLM Result
E1|2 DLM-START.ind DLM Com_Mode, Cycle_time,
C2_stime, Max_Delay,
TM_unit
E13 DLM-START.cnf DLM Result
E14 DLM_CLR-ERR.cnf DLM Result
E15 Ph-SET-VALUE.cnf PhL
E1l6 Ph-GET-VALUE.cnf PhL Value
E17 APC-Created APCSM Internal event
(S1 state)
E18 APC-Activated APCSM Internal event
(S3 state)
7.4 Action descriptions at state transitions

D¢tail specifications depending on its implementation are out of scope of this standard, for

edample " such about initialization process,
pdrameters in each layer and ASEs. Just outline of the related action is shown in Table 7.

activate timing and various communicatipn

Table 7 — Transitions of APC SM

T#

Source
State

Event (arguments) [conditions]
/ action

Target
State

T

(any state)

E1:FSM-Reset.req

/ Ph-RESET.req;

DLM_RESET.req;

EVM-Reset.req;

for all AR ASE objects { AR-Reset.req;};

for all FDC ASE objects { FDC-Reset.req};
for all MSG ASE objects { MSG-Reset.req} ;

S0:Cleared

T2

S0:Cleared

E3: FSM-SetContext.req (CONTEXT-DATA)
/ I*-- APCSM starts initializing PhL

S1:Creating
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T# Source Event (arguments) [conditions] Target
State / action State

-- with Ph-SET-VALUE.req

__*/;

/*-- APCSM starts initializing DLL

-- with DLM_SET_PAR.req

-- and DLM_DELAY.req

__*/;

for all AR ASE objects { AR-Open.req;};
for all FDC ASE objects { FDC-Open.req};
for all MSG ASE objects { MSG-Open.req};

T3 S1:Creating E7, E8, E9, E10, E11, E14, E15, or E16 S1:Creating
/ I*-- APCSM keeps initializing PhL, DLL, and FAL --*/;
[*-- If initializing procedures have finished,

-- E17:APC-Created is issued.

__*/;

T4 S1:Creating E17:APC-Created S2:Created
/| FSM-SetContext.cnf;
TH S2:Created E4:FSM-GetContext.req S2:Created
/ FSM-GetContext.cnf;
T6 S2:Created E5:FSM-Start.req S3:Activating

/ I*-- start activating PhL --*/;
/*-- start activating DLL --*/;
EVM-Enable.req;
for all AR ASE objects { AR-Enable.req;};
for all FDC ASE objects { FDC-Enable.req};
for all MSG ASE objects { MSG-Enable’req};

T7] S3:Activating E7, E8, E9, E10, E11, E12, E13, E14, E15, or E16 S3:Activating
/ I*-- APCSM keeps activating PhL{. DLL, FAL --*/;
/*-- If activating procedures have finished,

-- E18:APC-Activated is issued

__*/;

T8 S3:Activating E18: APC-Activated S4:Active
/| FSM-Start.cnf;
T9 S4:Active E2: FSM-GetStatus.req (INFO-ID) S4:Active

/ I*-- APCSM reads appropriate status info for INFO-ID,
-- using Ph-GET_VALUE.req,

-- DL_GET\STATUS.req,

-- DLM.GET_ERR.req

-- or other service primitives

__*/;

FSM-GetStatus.cnf;

T10 S4:Active FSM-GetContext.req S4:Active
/| FSM-GetContext.cnf;

8| FAL service protocol machines (FSPM)

8./ Overview

hen the*FSPM receives a service request primitive or a response primitive from an FAL usler,
thenvitshall edit an APDU from an SDU as the parameter of the primitives, and then requgst
the ARPM to transmit. It shall also takes out an SDU from the APDU received by the ARPM Jto
deliver as an indication primitive or a conform primitive to the FAL user.

Two types of application services (FDC ASE and MSG ASE) may be provided to the FAL user
in the Type 24 FAL (refer to IEC 61158-5-24), and the FSPM may consist of two types of PM
(FDC PM and MSG PM) corresponding to the ASEs.

8.2 Field Deice Control Protocol Machine (FDC PM)
8.2.1 Protocol overview

The FDC PM is a protocol state machine (PM) that realizes the services provided by the FDC
ASE. The protocols are categorized as shown in Table 8.
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mode

Transmission
mode

(by DLL)

Communication
state

Communication
command type

Description

Cyclic

Synchronous
communication

(Sync)

Synchronous
communication type
command

(Sync command)

The FDC ASE, both the master and the
slave, shall notify firing of an event to the
user in each communication cycle with FDC-
ComCycle.ind.

The user of the FDC master may update a
next command to the slave AP in each

communication cycle to request to transfer|it
without waiting the process completion
response (FDC-Command.cnf) to the
previous command.

The FDC slave shall receive a command
from the master in each communication
cycle and pass it to the user of the FDC
slave with FDC-Commandzind. The user
should process the command, then return
the response (FDC-Command.rsp) within the
one communication/cycle.

Asynchronous
communication type
command

(Async command)

The FDC ASEboth the master and the
slave, shall notify firing of an event to the
user in each’\communication cycle with FD(
ComCycle.ind.

The user’of the FDC master should reques
tostransfer a command to the slave AP in
each communication cycle while waiting the
process completion response to the previo
command. The contents of the command
should be maintained until the user receiveld
the process completion response.

The FDC slave shall receive a command
from the master AP in each communication
cycle and pass it to the user. The user
should return a corresponding response
(FDC-Command.rsp) with a command
progress status (cmdRdy) in each
communication cycle and should not accep
any new command until the user completeg
the processing command.

[

Asynchronous
communication
(Async)

Async command

The FDC ASE, both the master and the
slave, shall notify firing of an event to the
user in each communication cycle with FD(
ComCycle.ind.
Once the user of the FDC master requests [to
transfer a command to the slave AP, the
user may wait the corresponding process
completion response to the previous
command. Until them, the user should not
request to transfer any updated command.
The FDC slave may receive a command frdgm
the master AP in each communication cyclg.
When the contents of the command are
updated, the FDC slave shall pass it to the
user. The user should return a

COTTESPONAMg TESPONSE (FDC-
Command.rsp) with a command progress
status (cmdRdy) in each communication
cycle and shall not accept any new
command until the user completes the
processing command.

Event-driven

Async

Async command

The FDC ASE, both the master and the
slave, shall not notify any event to the user
in a regular cycle because no communication
cycle is generated.

Once the user of FDC master requests to
transfer a command, the user should wait
the corresponding process completion
response for the previous command and
should not transfer any updated command.
The FDC slave shall pass the user the
command received from the master AP. The
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Transmission
mode

Communication
state

Communication
command type

Description

(by DLL)

user should not return any response nor
accept any new command until processing
the received command is completed or the
pre-defined processing time elapses.

.22 Cyclic communication mode

Cyclic communication common specifications

bd
he
of

the cyclic communication mode, an event shall be generated in a constant periad, .referrs
the communication cycle. The communication process provided by the FDC ASE shall
ecuted repeatedly with this event. The communication cycle shall originatecin the cycle
integral multiple of the transmission cycle managed by the data link layer.

In
as
ex
ar

TH
cq

e transmission cycle should be a constant cycle event generated with the periodic runni
unter synchronized with all devices.

9

The communication cycle shall start when the connection has eéstablished between the master

arld the slave. Therefore, before the connection is ,established, even in the cyclic
cdmmunication mode, the communication process cafnot be synchronized with the
cdmmunication cycle but the primary cycle or the transmission cycle, and only communicatipn
by using certain asynchronous type commands can be executed.

The protocol for the establishment and release of‘the connection shall be also provided as the
FIDC ASE services.

The communication cycle in the FDC ASE can have some effects on even the user process,
sych as C1 master AP or slave AP. See‘*Figure 12, Figure 13.

Communication cycle

K FOEComCyoleind

& FOC-ComGCyele.ind

és En::;ite:;] < Input Processing Output >
f FDC FDC-
l,"C::-rnrﬂantl.nn’r' Command.rag \'\
/ x
FDC P 1
Imastery
AR A |#rOU APOIL &
CycleEvent.ind AR-CyecleEvent.ind
« \"'
____________ i o I_Lli_i_LJE'.it_m:_r'lH_"f__'__(:.Ll‘.i AR e e A a2 %3‘_ lLliJ_L.'Ii-::al:xt:"arm[r.rt:q
ARPM FDE—DateExchange.enf o FDC-DataExchange.onf
(FDG master) el _i | )
APDU ‘I i : APDIL
.. )

Figure 12 — Example communication cycle of FDC master AP

For example in the C1 master, the command output timing, the response input timing and the
data processing timing may be handled most efficiently in the case when they are processed
with the cycle event (FDC-ComCycle.ind) as indicated in Figure 12.
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NOTE The Figure 11,12 are shown as just informative examples.

Communication cycle

A FDC—ComGCyele.ind A FOC-ComGCycleind
U?;;QG:;;% < Input Processing Qutput >
FDC FDC-
l,"[l{:rnrr'and.ind Command.rap \‘\
/ \
EOC P 1 ‘
(slave)
AR A |#FoU APOIL &
CycleEvent.ind AR-CyelaEvent.ind
o \
'L, FOOC-DataExchange.reg /‘f FOO-DataExchange.req
I ARPM T A F_DE—_D_atEET(cEa_ng:eEnT __________ i E T:[FE_—DataExcha-"ge.cnf
(FOC slave) v __i 7
APDU ‘I | : APDILY
| ' |
PR | =

Figure 13 — Example communication cycle of(FDC slave AP

In|the same way for the slave AP, the command input timing, the response output timing a

hd

the data processing timing may be handled most, efficiently in the case when they are

prpcessed as indicated in Figure 13.

8.R.2.2 Synchronous communication state (SyncConnected)

The word "synchronous" within the "synchronous communication state" and "synchrono
cdmmunication type command" means that also the user processes issuing the commands
the states should be initiated or executed cyclically, as well as the FDC ASE communicati
prpcess synchronizes with the communication cycle and is executed periodically.

The master AP should request to transfer a command and the slave AP should request
ansfer a response respectively once in each communication cycle when the FDCPM is in t
syinchronous communication state. In this case, the master AP and the slave AP should wat
oVer the status of the _synchronization activity each other by using a counter to watch or
DT (Watch Dog Fimer: WDT) field on each SDU.

ti
waiting to\receive the corresponding response. The slave AP should complete processing t

synchrenous command within the communication cycle in which the command is received and

transmit the response. The master AP and the slave AP can exchange this type of comma
O‘OOI‘AII‘A' QUNICST [0 dCKNOWISAJE (Nd NCy Adre nchronized each othe

Figure 14 shows the timing chart for the synchronous command communication.

hen the master AP transfers synchronous type commands continuously for two or mofe
es, it can~request to do them in each communication cycle one after another without

to
he
ch
a

ne

hd
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Ci Effter Slave AP
FDG FDG
Master Slave
FDC-ComCycle.ind FDC-ComCycle.ind
(the rests are omitted) = | ] (the rests are omitted)

|
| . :
| Communication Cycle
|

FDC—Commandreq ———— W

— =

CMD-PDU - xﬁDG—Gummand.md

FDC-Command.req I-é_ 3 ::’:;*—<- "’FDG—Gammand.rsp
A | - 08 1
FODC-Command.cnf --—— RSP-PDU J:DG Command.ind
FDC-Command.req —F;._ ” s FDE-Command rsp
FDC-Command.enf -— & o - »— — (ROC-Command.ind
\

FDC-Command.req —F;:__ _i_;*—f@" L 'f:DG—Gammand.rsp

FDC-Command.cnf <«— |4 Tl (O FDC-Command.ind
\
FDC-Commandreq ——™| <&~ ~ FDC-Command.rsp

FDC-Command.cnf --— | ;D A—— FDC-Command.ind

Figure 14 — Synchronous command communication in sync state

Wihen the master AP transfers an asynchronous type command, the master AP should requgst

to
pr

H
CQ
re

watching of the synchronized status through the WDT succeeds.

N(
thg
ot

thg

pr

transfer the next command after’ it has confirmed the corresponding response to the

evious command indicating the-process completes by a cmdRdy-bit = 1 or “command ready”.

bwever, even in that case; the master AP should continuously request to transfer the
mmand with the same.contents in every communication cycle. And the slave AP shodld
quest to transfer the response with a cmdRdy-bit = 0 or “command busy”, so that eagh

TE The names\such as "synchronous type command" and "asynchronous type command" represent whether
user process is executed and completed while being synchronized with the communication cycle or not. On the
er hand, from the aspect of the transaction management for the command and the response, it can be said that
synchrenous type command processes asynchronous transactions, and the asynchronous type commalnd
cesses'synchronous transactions.

Fi

guré 15 shows the timing chart for the asynchronous command communication in the

synchronous state.
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2L I:zster Slave AP
FDC FOG

Master Slave
FDC-ComGycle.ind | FDO-ComCycleind
[the rests are omitted) : T ithe rests are omitted)
i I Communication Cycle
# O I ]
FOC-Command.req (change) —"'::_ R - -
—— - ind § ]
CMO-POU FDC-Command.ind (change)
F S et - "’x!—D; — e
o - e e ”r:"ie\_":-_a xﬁ o ¥
e fhris — e — e Pl o] i3 v ind { |
FOC-Command.cnf (busy) - REP-PDU - :FDC C | mand.ind {no chargs
FDC-Command.req (no change) ———— 'I"; - ;Z;_*_ =EEET FDGL?GTMHH‘-}.-’HH D
FOC-Commandcnf (busy) --——— - iy P \FDC— cmmand.indNna change!
FDC-Command.req (no change] — — — — #- _ f-i—'i—-"'f:b-ﬂ—f_:mrhawd.rsp [ready)
T qeate.
FDC-Command.onf (ready] -a— & T —— — = FDC-Commsfd.ind (no change]
FOC—Command.req (change) —F;-____:____ ;*‘—i— = ff—DG—Cnmmawd.rsp [ready)
i et
FDG-Command.onf (ready] w— & il g REC-Command.ind (change)

Figure 15 — Asynchronous command communication in sync state

8..2.3 Asynchronous communication state (AsyncConnected)

Eyen under the asynchronous transmission state, the communication process of the FDC ASE
sHall be periodically initiated synchronous withythe communication cycle, because it is in the
cyclic communication mode. In this case, the master AP and the slave AP should not use|a
_WDT (Watch Dog Timer: WDT) field onséach SDU to watch over the synchronization activity.

Therefore, constant periodic event~with FDC-ComCycle.ind can be notified to the usler
prpcess in each communication, cycle. However, the user process need not always be
operated synchronous with the event.

In| this state, the FDC ASE shall provide the user process with only asynchronous type
cdmmands. Therefore, the master AP can transfer a new command only after it confirms the
cqrresponding process completion response to the transferring command.

Figure 16 shows.the timing chart in the asynchronous communication state.
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Figure 16 — Asynchronous command commuhnication in async state

8.R.3 Event driven communication mode

In|the event driven communication mode the FBC*ASE can have no communication cycle and
the communication process shall not be executed cyclically. The network clock cannot
fupction either.

In|this mode, the FDC ASE provides nd'service related to the synchronous type command and
the user process may only use asynchronous type commands. And the master AP may
reguest to transfer a command non-periodically whenever the preceding command transactipn
hgs already completed.

Figure 17 shows the timing/chart in the event driven mode communication.
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C1 Master

FDC

AP Master

FDC Slave AP

Slave

FDC-Commandreq ———»=——
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e FDC-Command.ind

CHb=FEY

~ : R
FDC-Command.eonf --4———— RSP-PDU

(irregurally)

FDC-Command.reqg - -—

FDC-Command.cnf - S

8.p.4 Master Protocol Machine (FDCPM-M)

8.2.4.1 State descriptions

Figure 18 shows the FDCPM-M statechart diagram, and Table 9 describes each state of t

FIDCPM-M.

_— " FDC-Commandrsp

—— | ) FDC-Command.ind

\'1

___._--I—f/FDG—Dummand_rsp

Figure 17 — Event-driven communication

ne
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Figure 18 — Statechart diagram of FDCPM-M

Table 9 — State descriptions of FDCPM-M

7.
H

State Substate Description

S( Disabled - State when the Master Class of FDC ASE (FDC Master)
has just been instantiated to an object as this PM

The PM is waiting to finish creating an AP-context and to
receive Enable.requet from FSM ASE.

Entry/ Initial values are set in Attributes of the Master
object.

S1 Disconnected - State when the connection is released and the PM is
waiting Connect.request from a FAL user

In the lower layer, a communication has been started.

Only the connection control commands (CONNECT,
DISCONNECT) and NOP command may be allowed to be

transforred-inthis-state

Even if the DL layer is running in the cyclic
communication mode, the communication cycle has not
been notified in this state because no connection is
established.

S1.0 Idle Substate when the PM is waiting a request to transfer a
CMD-PDU from a FAL user

S1.1 WaitCMDComplete Substate when the PM is waiting a command completion
response from the correspondent peer Slave AP
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S#

State Substate

Description

S§2

AsyncConnected -

A normal operation state to control a Slave AP or a
function of a field device through the peer FDC Slave by
using asynchronous type command

A connection with the FDC Slave is established and a
communication cycle event is notified by AR ASE. That
event is transferred as FDC-ComCycle.ind to the C1
master AP.

Any asynchronous type command can be transferred in
this state. No synchronous type command is allowed to

bai £ P
oe—tFafsSrerrear

Idle

Substate when the PM is waiting a request to transfer a
CMD-PDU from a FAL user

WaitCMDComplete

Substate when the PM is waiting a command Completion
response from the correspondent peer Slave AP

S3

SyncConnected -

The most time-critical operation state to_Control a Slave
AP or a function of a field device through' the peer FDC
slave by using both synchronous and”asynchronous
commands

A connection with the FDC Slayve has been established
and a communication cyclésevent is notified by AR ASE.
That event is transferred'as FDC-ComCycle.ind to the C
master AP.

The WDT counterlon every CMD-PDUs shall function to
watch over the Status of the synchronization activity of
the C1 master AP. And so as to the RWDT counter on
RSP-PDUs for'the Slave AP.

Idle

Substate ' when the PM is waiting a request to transfer a
CMDB3PBU from a FAL user

WaitCMDComplete

Substate when the PM is waiting a command completion
response from the correspondent peer Slave AP

sS4

Disconnecting -

State when the connection changes to be released
because communication errors continuously occur or the
FAL user demands it.

The PM waits in order to prevent the system
malfunctioning as a kind of interlocking mechanism, and
then recovers to S1 state when receiving a resume
request from the user (ResumeCycle.req).

8.2.4.2 Triggering events

Table 10 lists each trigger events of the FDCPM-M.

Table 10 — Trigger event descriptions of FDCPM-M

B# Trigger event: Event source | Associated parameters Description
Primitive or condition

E1 FDC-Reset.req FSMASE

E2 FDC-Open.req FSM ASE AREPID

E3 FDC-Enable.req FSM ASE TransmissionMode

E4 FDC-Connect.req FAL user Update, CONNECT-CMD-
(C1masterAP) Sbu

E5 FDC-SyncSet.req FAL user Updata, SYNC_SET-
(C1masterAP) CMD-Sbu

E6 FDC-Disconnect.req FAL user DISCONNECT-CMD-SDU
(C1masterAP)

E7 FDC-ResumeCycle.req FAL user
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E# Trigger event: Event source Associated parameters Description
Primitive or condition
(C1masterAP)
E8 FDC-Command.req FAL user Update, CMD-SDU
(C1masterAP)
E9 FDC-DataExchange.req AR ASE RSP-SDU
(FDCM-AR)
E10 AR-CycleEvent.ind AR ASE NetworkClock
(FDCM-AR)
E1 AR-SendCommand.cnf AR ASE ServiceStatus, RSP-SDU
(FDCM-AR)
E12 Error detected This object See 8.2.7 and.notes pf
Table 11
WDT failures are
detected twice serially
under SyncConnect
state.
Alternatively, failures]
are detected
continuously under
AsyncConnect state.
E13 EventConnectRSP This object status Unsigned16 Notification from
b hi
(submachine) | rsdu _GONNECT-Rsp- | Siomacnine
PDU
E14 EventSyncSetRSP This object status Unsigned16 Notification from
b hi
(submachine) A rsdu _SYNC_SET-Rsp- | Slomacnine
PDU
E15 EventDisconnectCMD This objéect csdu _DISCONNECT- Notification from
) CMD-PDU submachine
(submatchine)
8.2.4.3 Action descriptions at. state transitions
Table 11 describes state transitions of the main SM of FDCPM-M. Moreover, Table 2
dgscribes state transitions.of.the submachine of FDCM-M.
Table 11 — Transitions of main SM of FDCPM-M
T# Source Event (arguments) [conditions] Target
State | action State
T1 (any_state) E1:FDC-Reset.req S0:Disabled
/
/*-- Clearing all attributes of the FDC master --*/;
T2 S0:Disabled E2:FDC-Open.req S0:Disabled
/
f=—tmittatizingthe FBCmaster=—=+—"2
T3 S0:Disabled E3:FDC-Enable.req (communicationMode) S1:Disconnected
/* Notifying the DLL’'s communication mode, initialized into
whether the cyclic mode or the event-driven mode. */
/ TransMode = communicationMode;
T4 S1:Disconnected E1:FDC-Reset.req S0:Disabled
/
/*-- Clearing all attributes of FDC master --*/;
T5 S1:Disconnected E13:EventConnectRSP (status, rsdu) S2:AsyncConnected

[rsdu.rspBody.syncmode != 1]
/ AR-StartComCycle.req;
ProtocolVersion = rsdu.rspBody.ver ;
SyncMode = 0;
DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime =rsdu.rspBody.com_time ;
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T#

Source
State

Event (arguments) [conditions]
| action

Target
State

DevProfileType = rsdu.rspBody.profile_type;

T6

S1:Disconnected

E13:EventConnectRSP (status, rsdu)
[rsdu.rspBody.syncmode == 1]

/ AR-StartComCycle.req;
ProtocolVersion = rsdu.rspBody.ver;
SyncMode = 1;

DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime = rsdu.rspBody.com_time;

S3:SyncConnected

DevProfileType = rsdu.rspBody.profile_type;

T7]

S1:Disconnected

The other events
/
/*-- state-transition in the submachine --*/;

S1:Disconnectgd

T

S2:AsyncConnected

E1:FDC-Reset.req
/
/*-- Clearing all attributes of FDC master --*/;

S0:Disabled

T9

S2:AsyncConnected

E14:EventSyncSetRSP(status, rsdu)
/ WDT.LastMN = 0;

WDT.LastSN = 0;

RWDT.LastRMN = 0;
RWDT.LastRSN = 0;

S3:SyncConnegted

T10

S2:AsyncConnected

E15:EventDisconnectCMD (csdu)
/ [*-- no-operation --*/;

S4:Disconnecting

T

S2:AsyncConnected

E12: Errors occur continuously 8> P C

//*-- no-operation --*/;

S4:Disconnecting

TR

S2:AsyncConnected

The other events
/
/*-- state-transition in the submachine --*/;

S2:AsyncConngcted

TIB

S3:SyncConnected

E1:FDC-Reset.req
/
/*-- Clearing all attributes of FDC master --*/

S1:Disabled

Tk

S3:SyncConnected

E12: Errors occur serially twice. D
/I*-- no-operation~*/

S2:AsyncConngcted

T1|5

S3:SyncConnected

E15:EventDisconnectCMD(csdu)
| [*-- no-operation --*/;

S4:Disconnecting

T16

S3:SyncConnected

The other«events
/
/*-- state-transition in the submachine --*/;

S3:SyncConnegted

T

S4:Disconnecting

EAxFDC-Reset.req
h
/*-- Clearing all attributes of the FDC master --*/

S1:Disabled

T18

S4:Disconnecting

E9:FDC-DataExchange.req (rsdu)
/ csdu.cmd = disconnect;
FDC-DataExchange.cnf (csdu);

S4:Disconnecting

T19

S4:Discennecting

E7:FDC-ResumeCycle.req

/

[*-- Clearing internal information related to the
communication cycle and alarm information --*/;

S2:Disconnectdd

The(detailed process depends on the system implementation.
Implementers need some mechanisms to count or manage errors.

C LThethreshold-of errorduration-countis—animplementation-matter

Table 12 — Transitions of submachine of FDCPM-M

T# Source Event (arguments) [conditions] Target
State I/ action state
T7.1 S1.0:1dle E4:FDC-Connect.req (csdu) S1.1:
/ LastCMD-SDU = csdu; WaitCMDComplet
If (TransMode == EventDriven) €
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
T7.2 S1.0:1dle E6:FDC-Disconnect.req (csdu) S1.0: Idle
/ LastCMD-SDU = csdu;
If (TransMode == EventDriven)
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T# Source Event (arguments) [conditions] Target
State / action state
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
T7.3 S1.0:1dle E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/] S1.0:1dle
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);
T7.4 S1.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S1.1:
WaitCMDComplete | && ((rsdu.rcmd != LastCMD-SDU.cmd) || (status.cmdRdy != WaitCMDComplet
1)) e
/[ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);
T7.5 S1.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ Exit fo/the mdin
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy == machine
1) && (LastCMD-SDU.cmd == connect)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);
FDC-Connect.cnf (status, rsdu) ;
/*-- signal E13:EventConnectRSP to the main machine"-**/;
T7.6 S1.1: E11:AR-SendCommand.cnf (status, rsdu) [/*-- status-has no S1.1:
WaitCMDComplete | alarm --*/ && (rsdu.rcmd == LastCMD-SDU.cmd)\&& WaitCMDConplet
(status.cmdRdy != 1)] e
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
AR-SendCommand.req (csdu);
/* Comment: TransMode is EventDriven. */
T7.7 S1.1: E11:AR-SendCommand.cnf (status,tsdu) [/*-- status has no Exit to the mdin
WaitCMDComplete | alarm --*/ && (rsdu.rcmd == lastCMD-SDU.cmd) && machine
(status.cmdRdy == 1) && (LastCMD-SDU.cmd == connect)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-Connect.cnf (status, rsdu) ;
/*-- signal E13:EvéntConnectRSP to the main machine --*/;
TIR.A S2.0:ldle E5:FDC-SyncSet.req (csdu) S2.1:
/ LastCMD-SDU = csdu; WaitCMDComplet
e
T1R.2 S2.0:1dle E6:FDCG-Disconnect.req (csdu) Exit to the mdin
| LastEMD-SDU = csdu; machine
If {TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T12.3 S2.0:1dle E8:FDC-Command.req (csdu) S2.1:
/ LastCMD-SDU = csdu; WaitCMDConplet
If (TransMode == EventDriven) €
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
TIR.4 S2.0:Idle E10: AR-CycleEvent.ind S2.0: Idle
/ FDC-ComCycle.ind
T12.5 S2.1: E6:FDC-Disconnect.req (csdu) Exit to the mgin
WaitCMDComplete | / LastCMD-SDU = csdu; machine
If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T12.6 S2.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S2.1:
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy != WaitCMDComplet
1] e
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu) ;
T12.7 S2.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ Exit to the main

WaitCMDComplete

&& (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy ==
1) && (LastCMD-SDU.cmd == sync_set)]

/ LastRSP-SDU = rsdu;

csdu = LastCMD-SDU;

FDC-DataExchange.cnf (csdu);

machine
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T# Source Event (arguments) [conditions] Target
State / action state
FDC-SyncSet.cnf(+);
/*-- signal E14:EventSyncSetRSP to the main machine --*/;
T12.8 S2.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S2.0:Idle
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy ==
1) && (LastCMD-SDU != sync_set)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);
FDC-Commnand.cnf (+);
T1R.9 S2.1: ETT:AR-SendCommand.cnf (status, rsdu) |/*-- status has no S2.1:
WaitCMDComplete | alarm --*/ && (rsdu.rcmd == LastCMD-SDU.cmd) && WaitCMDConplet
(status.cmdRdy != 1)] e
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
T12.10 S2.1: E11:AR-SendCommand.cnf (status, rsdu) [/*-- status has/no S2.0:1dle
WaitCMDComplete | alarm --*/ && (rsdu.rcmd == LastCMD-SDU.cmd) &&
(status.cmdRdy == 1)]
/ LastRSP-SDU = rsdu;
FDC-Command.cnf (+);
TIR.11 S2.1: E10: AR-CycleEvent.ind S2.1:
WaitCMDComplete | / FDC-ComCycle.ind WaitCMDComplet
e
T16.1 S3.0:1dle E6:FDC-Disconnect.req (csdu) Exit to the mdin
/ LastCMD-SDU = csdu; machine
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T16.2 S3.0:1dle E8:FDC-Command.req (csdu) S3.1:
/ LastCMD-SDU = csdu; WaitCMDConplet
e
T16.3 S3.0:1dle E10: AR-CycleEvent.ind S3.0: Idle
|6 / FDC-ComCycle.ingd
T16.4 S3.1: E6:FDC-Disconngct.req (csdu) Exit to the mdin
WaitCMDComplete | / LastCMD-SDU ="csdu; machine
/*-- signal EA5EventDisconnectCMD to the main machine --*/;
T16.5 S3.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S3.1:
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy != WaitCMDConplet
1] e
/ kastRSP-SDU = rsdu; or
if\(fsdu.rwdt.rsn I= LastRSN) Exit to the mdin
{/*-- signal E12 watchdog counter error to the main machine-- machine, when
*1}} E12 has been
else issued.
{LastRSN = rsdu.rwdt.rsn;
csdu = LastCMD-SDU;
LastSN = LastRSN;
csdu.wdt.mn = LastMN;
csdu.wdt.sn = LastSN;
FDC-DataExchange.cnf (csdu) ;}
T1|6.6 S3.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S3.0:1dle
WaitCMDComplete | && (rsdu.rcmd == CMD-SDU.cmd) && (status.cmdRdy == 1)] or

TastRSP-SDU=T30T,;
if (rsdu.rwdt.rsn I= LastRSN)

{/*-- signal E12 watchdog counter error to the main machine --
I3}

else

{LastRSN = rsdu.rwdt.rsn;

csdu = LastCMD-SDU;

LastSN = LastRSN;

csdu.wdt.mn = LastMN;

csdu.wdt.sn = LastSN;

FDC-DataExchange.cnf (csdu) ;

FDC-Command.cnf (status, rsdu);}

EXxit to the main
machine, when
E12 has been
issued.

T16.7

S3.1:
WaitCMDComplete

E10: AR-CycleEvent.ind
/ FDC-ComCycle.ind
LastMN++;

LastRSN++;

S3.1:
WaitCMDComplet
e
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8.2.5 Slave Protocol Machine (FDCPM-S)
8.2.5.1 State descriptions

Figure 19 shows the FDCPM-S statechart diagram, and Table 13 describes each state of the
FDCPM-S.

e
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Figure 19 — Statechart diagram of FDCPM-S

Table 13 — State descriptions of FDCPM-S

7.
*

State Substate Description

S( Disabled - State when the Slave Class of FDC ASE (FDC Slave) hap
just been instantiated to an object as this PM

The PM is waiting to finish creating an AP-context and to
receive Enable.requet from FSM ASE.

Entry/ Initial values are set in Attributes of the Slave
object.

S1 Disconnected - State when the connection is released and the PM is
waiting Connect.request from the peer C1 master AP

In the lower layer, a communication has been started.

Only the connection control commands (CONNECT,
DISCONNECT) and NOP command may be allowed to be
transferred in this state.

Even if the DL layer is running in the cyclic
communication mode, the communication cycle has not
been notified in this state because no connection is
established.
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S#

State

Substate

Description

$1.0

Idle

Substate when the PM is waiting to receive a CMD-PDU
from a peer C1 master AP

WaitRSPComplete

Substate when the PM is waiting for the corresponding
response to transfer from a FAL user or the Slave AP.

S2

AsyncConnected

A normal operation state to transfer the controlling
command from the C1 Master AP to the Slave AP and
execute a function of a field device with the
asynchronous type command

A _connection with the FDC Master is established and a

communication cycle event is notified by AR ASE.

Any asynchronous type command can be transferred in
this state. No synchronous type command is allowed to
be transferred.

Idle

Substate when the PM is waiting to receive asCMD-PDU
from a peer C1 master AP

WaitRSPComplete

Substate when the PM is waiting for\the corresponding
response to transfer from a FAL user or the Slave AP.

S3

SyncConnected

The most time-critical operation“state to transfer the
controlling command from ¢he-C1 Master AP to the Slave
AP and execute a function,of a field device with both
synchronous and asynachronous commands

A connection with(the FDC Master has been established
and a communi€ation cycle event is notified by AR ASE.
That event isctransferred as FDC-ComCycle.ind to the
Slave AP.

The WBTF counter on every CMD-PDUs shall function to
watch oyer the status of the synchronization activity of
the €1 master AP. And so as to the RWDT counter on
RSP-PDUs for the Slave AP.

Idle

Substate when the PM is waiting to receive a CMD-PDU
from a peer C1 master AP

WaitRSPComplete

Substate when the PM is waiting for the corresponding
response to transfer from a FAL user or the Slave AP.

sS4

Disconnecting

State when the connection changes to be released
because communication errors continuously occur or the
FAL user demands it.

The PM waits in order to prevent the system
malfunctioning as a kind of interlocking mechanism, and
then recovers to S1 state when receiving a resume
request from the user (ResumeCycle.req).

8.R.5.2

Table(14'lists each trigger events of the FDCPM-S.

Triggering events

Table 14 — Trigger event descriptions of FDCPM-S

E# Trigger event: Event Associated parameters Description

Primitive or condition source
E1 FDC-Reset.req FSM ASE
E2 FDC-Open.req FSM ASE AREPID
E3 FDC-Enable.req FSM ASE TransmissionMode
E4 FDC-Connect.rsp FAL user ServiceStatus,

ProgressStatus, RSP-
(Slave AP) SDU

E5 FDC-SyncSet.rsp FAL user ServiceStatus,

(Salve AP)

ProgressStatus, RSP-
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E# Trigger event: Event Associated parameters Description
Primitive or condition source
SDU
E6 FDC-Disconnect.rsp FAL user ServiceStatus,
P Status, RSP-
(Slave AP) | gpu oo e
E7 FDC-ResumeCycle.req FAL user
(Slave AP)
E8 FDC-Command.rsp FAL user ServiceStatus,
(Slave AP) nguglebeLdLUb, RSP-=
E9 FDC-DataExchange.req AR ASE CMD-SDU
(FDCS-AR)
E10 AR-CycleEvent.ind AR ASE NetworkClock
(FDCS-AR)
E11 AR-SendCommand.ind AR ASE CMD-SDU
(FDCS-AR)
E12 Error detected This object See 8.2.7.
WDT failures are
detected twice serially
under SyncConnect
state.
Alternatively, failures
are detected
continuously under
AsyncConnect state.
E13 EventConnectRSP This object status Unsigned16 Notification from
b hi
(submaghine) | rsdu _CONNECT-RSp- | Supmachine
PDU
E14 EventSyncSetRSP This object status Unsigned16 Notification from
b hi
(submachine) | rsdu _SYNC_SET-Rsp- | Supmachine
PDU
E15 EventDisconnectCMD This object csdu _DISCONNECT- Notification from
) CMD-PDU submachine
(submachine)
8..5.3 Actionh descriptions at state transitions
Table 15 describes state transitions of the main SM of FDCPM-S. Moreover, Table {6
dgscribes(state transitions of the submachine of FDCPM-S.
Table 15 — Transitions of main SM of FDCPM-S

T# Source Event (arguments) [conditions] Target
State | action State
T1 (any state) E1:FDC-Reset.req S0:Disabled
/
/*-- Clearing all attributes of the FDC slave --*/;
T2 S0:Disabled E2:FDC-Open.req S0:Disabled
/
/*-- Initializing the FDC slave --*/; a
T3 S0:Disabled E3:FDC-Enable.req (communicationMode) S1:Disconnected
/ TransMode = communicationMode;
T4 S1:Disconnected E1:FDC-Reset.req S0:Disabled
/
/*-- Clearing all attributes of FDC master --*/;
T5 S1:Disconnected E13:EventConnectRSP (status, rsdu) S2:AsyncConnected
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T#

Source
State

Event (arguments) [conditions]
/ action

Target
State

[rsdu.rspBody.syncmode != 1]

/ AR-StartComCycle.req;

ProtocolVersion = rsdu.rspBody.ver. ;
SyncMode = 0;

DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime = rsdu.rspBody.com_time ;
DevProfileType = rsdu.rspBody.profile_type;

T6

S1:Disconnected

E13:EventConnectRSP (status, rsdu)

S3:SyncConnected

[rsdu.rspBody.syncmode == 1 |

/ AR-StartComCycle.req;

ProtocolVersion = rsdu.rspBody.ver ;
SyncMode = 1;

DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime = rsdu.rspBody.com_time ;
DevProfileType = rsdu.rspBody.profile_type;

T7]

S1:Disconnected

The other events
/
/*-- state-transition in the submachine --*/;

S1:Disconnectdd

T8

S2:AsyncConnected

E1:FDC-Reset.req
/
/*-- Clearing all attributes of FDC slave --*/;

S0:Disabled

T9

S2:AsyncConnected

E14:EventSyncSetRSP (status, rsdu)
/

WDT.LastMN = 0;

WDT.LastSN = 0;

RWDT.LastRMN = 0;
RWDT.LastRSN = 0;

S3:SyncConnegted

T10

S2:AsyncConnected

E15:EventDisconnectCMD ‘(csdu)
/ I*-- no-operation --*/;

S4:Disconnecting

T

S2:AsyncConnected

E12: Errors occur continuously P C
/ I*-- no-operation, <</,

S4:Disconnecting

TR

S2:AsyncConnected

The other events
/
/*-- state-transition in the submachine --*/;

S2:AsyncConngcted

T8

S3:SyncConnected

E1:FDC-Reset.req
/
/*-»€learing all attributes of FDC master --*/;

S1:Disabled

T4

S3:SyncConnected

E12: Errors occur serially twice 1)
| I*-- no-operation --*/;

S2:AsyncConngcted

T1|5

S3:SyncConnected

E15:EventDisconnectCMD (csdu)
/ I*-- no-operation --*/;

S4:Disconnecting

T16

S3:SyncConnected

The other events
/
/*-- state-transition in the submachine --*/;

S3:SyncConnegted

T

S4:Disconnecting

E1:FDC-Reset.req
/
/*-- Clearing all attributes of the FDC slave --*/ ;

S1:Disabled

hi

S4:Disconnecting

E9:FDC-DataExchange.req (csdu)
/ rsdu.cmd = disconnect;

S4:Disconnecting

FDC-DataExchange.cnf (rsdu);

T19

S4:Disconnecting

E6:FDC-Disconnect.rsp (rsdu)
/ LastRSP-SDU = rsdu;

If (TransMode == EventDriven)
AR-SendCommand.rsp (rsdu);
else /*-- no-operation --*/;

S4:Disconnecting

T20

S4:Disconnecting

E7:FDC-ResumeCycle.req
/
/*-- Clearing internal information related to

the communication cycle and alarm information --*/;

S2:Disconnected

@  The detailed process depends on the system implementation.

b

Cc

Implementers need some mechanisms to count or manage errors.

The threshold of error duration count is an implementation matter.
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T#

Source
State

Event (arguments) [conditions]
| action

Target
state

T7.1

$1.0:1dle

E9:FDC-DataExchnage.req (csdu) [csdu == LastCMD-SDU]
/ rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);

S$1.0: Idle

T7.2

S1.0:Idle

E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) &&
(csdu.cmd == connect) ]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;

S1.1:
WaitRSPComplete

FDC-DataExchange.cnf (rsdu);
FDC-Connect.ind (csdu);

T7.3

S$1.0:Idle

E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) &&
(csdu.cmd == disconnect) ]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;

FDC-DataExchange.cnf (rsdu);

FDC-Disconnect.ind (csdu);

S1.1;
WaitRSPComplete

T7.4

S1.0:Idle

E9:FDC-DataExchange.req (csdu) [(csdu != LastCMD-SDU ) &&
(csdu.cmd == nop )]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;

FDC-DataExchange.cnf (rsdu);

FDC-Command.ind (csdu);

S1.1:
WaitRSPComplete

T7.5

$1.0:1dle

E11:AR-SendCommand.ind (status, csdu)[(csdu != LastCMD-
SDU) && (csdu.cmd == connect) ]

/ LastCMD-SDU = csdu;

FDC-Connect.ind (csdu);

S1.1:
WaitRSPComplete

T7\.6

$1.0:1dle

E11:AR-SendCommand.ind (status, csdu) [(csdu != LastCMD-
SDU) && (csdu.cmd == discannect) ]

/ LastCMD-SDU = csdu;

FDC-Disconnect.ind (csduy);

S1.1:
WaitRSPComplete

T7.7

$1.0:1dle

E11:AR-SendCommandsind (status, csdu) [(csdu != LastCMD-
SDU) && (csdu.cmd’s= nop) ]

/ LastCMD-SDUs=\csdu;

FDC-command.ind (csdu);

S1.1:
WaitRSPComplete

T7.8

S1.1:
WaitRSPComplete

E4: FDC-Cannect.rsp (rsdu)

/ LastRSR2SDU = rsdu;

If (TransMode == EventDriven)
{AR-SendCommand.rsp (rsdu);/*-- signal

Ed3:EventConnectRSP to the main machine --*/;}

else /*-- no-operation --*/;

exit from the
submachine

T7.9

S1.1:
WaitRSPComplete

E6:FDC-Disconnect.rsp (rsdu)

/ LastRSP-SDU = rsdu;

If (TransMode == EventDriven)
{AR-SendCommand.rsp (rsdu);}

else /*-- no-operation --*/;

S$1.0: Idle

T7.10

S1.x:
WaitRSPComplete

E8:FDC-Command.rsp (rsdu)

/ LastRSP-SDU = rsdu;

If (TransMode == EventDriven)
{AR-SendCommand.rsp (rsdu);}

else /*-- no-operation --*/;

S$1.0: Idle

T743

S11

EQ: Fn(‘-nnanyr‘hnqu req (csdu)

S11:

WaitRSPComplete

/ rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);

WaitRSPComplete

T12.1

S§2.0: Idle

E9: FDC-DataExchange.req (csdu) [ csdu == LastCMD-SDU ]
/ rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);

S$2.0: Idle

T12.2

S2.0:Idle

E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) &&
(csdu.cmd == sync_set) ]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;

FDC-DataExchange.cnf (rsdu);

FDC-SyncSet.ind (csdu) ;

S2.1:
WaitRSPComplete

T12.3

$2.0:1dle

E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) &&
(csdu.cmd == disconnect) ]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;

exit from the
submachine



https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © IEC 2014 - 83 -
T# Source Event (arguments) [conditions] Target
State / action state
FDC-DataExchange.cnf (rsdu);
FDC-Disconnect.ind (csdu);
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T12.4 S2.0: Idle E9: FDC-DataExchange.req (csdu) [ (csdu != LastCMD-SDU) S2.1:
&& ((csdu.cmd != sync_set) || (csdu.cmd != disconnect)) ] WaitRSPComplete
/ LastCMD-SDU = csdu;
rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);
FDC-Command.ind (csdu);
T1R2.5 S2.0:1dle E11:AR-SendCommand.ind (status, csdu) [(csdu != LastCMD- exit from the
SDU) && (csdu.cmd == disconnect) ] submachjne
/ LastCMD-SDU = csdu;
FDC-Disonnect.ind (csdu);
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T12.6 S2.0:1dle E11:AR-SendCommand.ind (status, csdu) [(csdu != LastCMD- S2.1:
SDU) && (csdu.cmd != disconnect) ] WaitRSPComplete
/ LastCMD-SDU = csdu;
FDC-Command.ind (csdu);
TR.7 S2.0:1dle E10: AR-CycleEvent.ind S2.0:1dle
/ FDC-ComCycle.ind;
T12.8 S2.1: E5: FDC-SyncSet.rsp (rsdu) exit from the
WaitRspComplete / LastRSP-SDU = rsdu; submachine
/*-- signal E14:EventSyncSetRSP to the maifi~-machine --*/;
T12.9 S2.1: E8: FDC-Command.rsp (rsdu) S2.0: Idle
WaitRspComplete | / LastRSP-SDU = rsdu;
If (TransMode == EventDriven)
{AR-SendCommand.rsp (rsdu);}
else /*-- no-operation --*/;
T12.10 S2.1: E9: FDC-DataExchange.reg.{csdu) [csdu == LastCMD-SDU] S2.1:
WaitRSPComplete / rsdu = LastRSP-SDU; WaitRSPComplete
FDC-DataExchange.cnf (rsdu);
T1R.11 S2.1: E9:FDC-DataExchnage,req (csdu) [(csdu != LastCMD-SDU) && | exit from the
WaitRSPComplete (csdu.cmd == disconnect) ] submachine
/ LastCMD-SDU"< ¢csdu;
rsdu = LastRSR-SDU;
FDC-DataExchange.cnf (rsdu);
FDC-Diseonnect.ind (csdu);
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T1R.12 S2.1: E9:[EDC-DataExchange.req (csdu) [(csdu != LastCMD-SDU) S2.1:
WaitRSPComplete &&(csdu.cmd != disconnect)] WaitRSPComplete
{*LastCMD-SDU = csdu;
rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);
FDC-Command.ind (csdu);
T12.13 S2.1: E11:AR-SendCommand.ind (status, csdu) [(csdu != LastCMD- exit from the
WaitRSRComplete SDU) && (csdu.cmd == disconnect) ] submachine
/ LastCMD-SDU = csdu;
FDC-Disonnect.ind (csdu);
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
TIR.14 S2.1: E10: AR-CycleEvent.ind S2.1:
WaitRSPComplete / FDC-ComCycle.ind; WaitRSPComplete
T16-4 S3-0—tdte ES—+DBG-DBeatabxehangerea{esduesdu—==tastcMb-SBu+ S3-0—dte
/ LastCMD-SDU = csdu; or
if (csdu.wdt.mn != LastMN) Exit to the main
{/*-- signal E12 watchdog counter error to the main machine -- | machine, when
*1}} E12 has been
else { issued.
LastMN = csdu.wdt.mn;
rsdu = LastRSP-SDU;LastRMN = LastMN;
rsdu.rwdt.rmn = LastRMN;
rsdu.rwdt.rsn = LastRSN;
FDC-DataExchange.cnf (rsdu);}
T16.2 S3.0: Idle E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) && | exit from the

(csdu.cmd == disconnect) ]

/ LastCMD-SDU = csdu;

rsdu = LastRSP-SDU;
FDC-DataExchange.cnf (rsdu);

submachine
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T# Source Event (arguments) [conditions] Target
State / action state
FDC-Disconnect.ind (csdu);
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T16.3 S3.0: Idle E9: FDC-DataExchange.req (csdu) [ (csdu != LastCMD-SDU) S3.1:
&& (csdu.cmd != disconnect)] WaitRSPComplete
/ LastCMD-SDU = csdu; or
if (csdu.wdt.mn != LastMN) Exit to the main
{/*-- signal E12 watchdog counter error to the main machine -- | machine, when
*I;} E12 has been
else { issued.
LastMN = csdu.wdt.mn;
rsdu = LastRSP-SDU;
LastRMN = LastMN;
rsdu.rwdt.rmn = LastRMN;
rsdu.rwdt.rsn = LastRSN;
FDC-DataExchange.cnf (rsdu);
FDC-Command.ind (csdu);}
T16.4 S3.0:1dle E10: AR-CycleEvent.ind S3.0:1dle
|6 / FDC-ComCycle.ind;
T16.5 S3.1: E8: FDC-Command.rsp (rsdu) S3.0: Idle
WaitRspComplete / LastRSP-SDU = rsdu;
T16.6 S3.1: E9: FDC-DataExchange.req (csdu) [csdu == LastGMDB-SDU] S3.1:
WaitRSPComplete / WaitRSPComplete
if (csdu.wdt.mn != LastMN) or
{/*-- signal E12 watchdog counter error to"the main machine -- | Exit to the main
*1}} machine, wheln
else { E12 has been
LastMN = csdu.wdt.mn; issued.
rsdu = LastRSP-SDU;
LastRMN = LastMN;
rsdu.rwdt.rmn = LastRMN;
rsdu.rwdt.rsn = LastRSN;
FDC-DataExchange.enf’(rsdu);}
T16.7 S3.1: E9:FDC-DataExchnage.req (csdu) [(csdu != LastCMD-SDU) && | exit from the
WaitRSPComplete (csdu.cmd == disconnect) ] submachine
/ LastCMD-SDU, = csdu;
rsdu = LastRSP-SDU;
FDC-DatakExchange.cnf (rsdu);
FDC-Disconnect.ind (csdu);
/*-< sighal E15:EventDisconnectCMD to the main machine --*/;
T16.8 S3.1: EQ)FDC-DataExchange.req (csdu) [(csdu != LastCMD-SDU) S3.1:
WaitRSPComplete && (csdu.cmd != disconnect)] WaitRSPComplete
/ LastCMD-SDU = csdu; or
if (csdu.wdt.mn != LastMN) Exit to the mdin
{/*-- signal E12 watchdog counter error to the main machine -- | machine, whefn
*1;} E12 has been
else { issued.
LastMN = csdu.wdt.mn;
rsdu = LastRSP-SDU;
LastRMN = LastMN;
rsdu.rwdt.rmn = LastRMN;
rsdu.rwdt.rsn = LastRSN;
FDC-DataExchange.cnf (rsdu);
FDC-Command.ind (csdu);}
T16.9 S3.1: E10: AR-CycleEvent.ind S3.1:
WaitRSPComplete /FDC-ComCycle.ind; WaitRSPComplete
/*-- counting up watchdog counter --*/ ;
LastMN++;
LastRSN++;
8.2.6  Monitor Protocol Machine (FDCPM-MN)
8.2.6.1 State descriptions

Figure 20 shows the FDCPM-MN statechart diagram, and Table 17 describes each state of

the FDCPM-MN.
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Figure 20 — Statechart diagram of FDCPM-MN

Table 17 — State descriptions of FDCPM-MN

w
H*

State

Substate

Description

S

Disabled

State when the Monitor Class of FDC ASE (FDC Monitor
has just been instantiated to an object as this PM

The PM is waiting to finish creating an AP-context and to
receive Enable.requet from a FSM ASE.

Entry/ Initial values are set in Attributes of the Monitor
object.

S1

Monitefing

An normal operation state to provide services to monitor
a CMD-PDU or a RSP-PDU for the FAL user or the
Monitor AP.

Idle

Substate when the PM is waiting the read request for a
CMD-PDU or a RSP-PDU from a FAL user.

WaitCMDData

Substate when the PM is waiting to get a CMD-PDU from
the corresponding AR ASE

WaitRSPData

Substate when the PM is waiting to get a RSP-PDU from
the corresponding AR ASE

8.2.6.2

Triggering events

Table 18 lists each trigger events of the FDCPM-MN.
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Table 18 — Trigger event descriptions of FDCPM-MN

E# Trigger event: Event source Associated parameters Description
Primitive or condition

E1 FDC-Reset.req FSM ASE

E2 FDC-Open.req FSM ASE AREPIDList

E3 FDC-Enable.req FSM ASE TransmissionMode

E4 FDC-GetCMD.req FAL user APID
(Monitor AP)

ES5 FDC-GetRSP.req FAL user APID
(Monitor AP)

EQ AR_GetCMD.cnf AR ASE ServiceStatus, CMD-SDU
(FDCMN-AR)

E7 AR-GetRSP.cnf AR ASE ServiceStatus, RSP-SDU
(FDCMN-AR)

8.2.6.3 Action descriptions at state transitions

Table 19 describes state transitions of the main SM ofs RDCPM-MN. Moreover, Table 20
dgscribes state transitions of the submachine of FDCPM-MN.

Table 19 — Transitions of main.SM of FDCPM-MN

T# Source Event (arguments) [conditions] Target
State | action State
T1 (Initial state) E1:FDC-Reset.req S0:Disabled
/
/*-- Clearingyall attributes of the FDC monitor --*/;
T2 S0:Disabled E2:FDC-Open.req S0:Disabled
/
/*-- Initializing the FDC monitor --*/; a
T3 S0:Disabled E8:FDC-Enable.req (communicationMode)/ TransMode = S1:Monitoring
sommunicationMode;
/*-- Stores the communication mode into the attribute.--*/
T4 S1:Monitoring E1:FDC-Reset.req S0:Disabled
/
/*-- Clearing all attributes of the FDC monitor --*/;
@ [ The detailed process depends on the system implementation.
Table 20 - Transitions of submachine of FDCPM-MN
T# Source Event (arguments) [conditions] Target
T5.0 SO /entry S1.0:1dle
(T3) / [*-- no-operation --*/;
T5.1 S1.0:ldle E4:FDC-GetCMD.req (NodelD) S1.1:WaitCMDDat
/ a
/*-- Generates DL-NodelD from the NodelD --*/
AR-GetCMD.req (DL-NodelD)
T5.2 S1.0:1dle E5:FDC-GetRSP.req (NodelD) S1.2:WaitRSPData
/
/*-- Generates DL-NodelD from the NodelD --*/.
AR-GetRSP.req (DL-NodelD)
T5.3 S1.1:WaitCMDData | E6:AR-GetCMD.cnf (+) (CMD_ASDU) S1.0:ldle
/ FDC-GetCMD.cnf (+) (CMD_ASDU)
T5.4 S1.2:WaitRSPData | E7:AR-GetRSP.cnf (+) (RSP_ASDU) S1.0:ldle
/ FDC-GetCMD.cnf (+) (RSP_ASDU)
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8.2.7 Error procedure summary
8.2.71 Error detecting overview

The following shows the errors detected in the FDC service. When an error is detected, if any
command is executed, both of the master and slave shall stop it and transition into a state
where it can accept a new command to execute the resume process performed by the AP.

Only the definition of the errors is described in this standard. The primary error detection
processing or mechanism depends on the implementation, and so do the alarm notifying
mEThod and the resume processing 1rom the error. They are out of Scope o1 this standard.

The following errors are defined:
a)l communication error: receipt status such as no DL-PDU receipt and FCS error_detected|in
the lower layer;

b)] watchdog counter error: abnormal value of the watchdog counter tof “the partner (in
synchronous communication state, which is detected in the mutual|,monitoring by the
master and the slave;

c)| illegal cycle timing: abnormal value (beyond the jitter allowance)in the transmission cydle
detected by the slave;

d)| response timeout: response time-out detected by the master;
e)| illegal sync command: synchronization command recgption in the state other than the
synchronous communication, which is detected by the.slave user.

8.R.7.2 Communication error

FIDC master and slave can receive a notification in FDC-DataExhange request from AR ASE
wihen FCS error or no-reception error for the feception DL-PDU is detected by the lower laye

—

If fhe PM is under the synchronous communication state when the error is detected, it shall

mpke a state transition to the asynchronous communication state.

In| case of detection by an FDC-master PM, if it has a pending command and waiting the
response, it shall discard the-command to abort the waiting state.

In|case of detection by an FDC slave PM, if it has a processing command, it shall discard the
cdmmand and the justisending response as well, if it has. And the RSP-PDU shall be edited|in
the way how the-emd_stat field or the status field should show the error as one of alagm
fagtors.

8.R.7.3 Watchdog counter error

The watchdog counters shall be a mechanism in the synchronous communication state,
ore.EDC ASE to detect the peer ASE’s out of sync with the communication cycle. Once the
AS g , It shall alert the error to
the FDC user through the FSM ASE.

When either of an FDC master PM or an FDC slave PM detects the error serially twice, it shall
make the state transition to an asynchronous communication state, not to accept synchronous
commands after that.

In case of detection by an FDC master PM, if it has a pending command and waiting the
response, it shall discard the command to abort the waiting state.

In case of detection by an FDC slave PM, if it has a processing command, it shall discard the
command and the just sending response as well, if it has. And the RSP-PDU shall be edited in
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the way how the cmd_stat field or the status field should show the error as one of alarm
factors.

8.2.7.4 lllegal cycle timing

The “illegal cycle timing” is a kind of errors that shows that an FDC slave detects an abnormal
cycle jitter by measuring the transmission cycle period. At the every transmission cycle events,
the FDC slave shall measure the elapsed time since the previous event. And if the measured
value is different from the pre-defined parameter for the transmission cycle, the slave shall
alert the error to the FDC user through the FSM ASE.

v4hen an FDC slave PM detects the error in the synchronous state, it shall make the''state
transition to an asynchronous communication state, not to accept synchronous commangs
affer that. And the RSP-PDU shall be edited in the way how the cmd_stat field of the status
figld should show the error as one of alarm factors.

If the slave has a processing command, it shall discard the command and. the just sending
response as well, if it has.

8..7.5 Response timeout

The "response timeout" is a kind of errors that shows thathan FDC master detects ho
response from a FDC slave. After sending a command, the FDC master measures the elaps¢d
time since a falling edge of cmdRdy bit in receiving each RSP-PDUs until the bit change to ¢n
(‘1’B), which means completion of the command processing of the slave. And if the time
ejceeds the pre-defined time limit, the master shall alert the error to the FDC user through
the FSM ASE.

When the FDC master PM detects the error,yit shall discard the command and abort the
waiting state. For more details of the recoyery process for both the master and the slave,
hqwever, is dependent on the implementation.

8.R.7.6 lllegal Sync command

The "illegal sync command" js\a kind of errors that shows that an FDC slave receives|a
syinchronous command in the wrong state other than the synchronous communication state.

alfernative command:-pre-defined in implementation specifications for the device. And the
R$EP-PDU shall pe-edited in the way how the cmd field in the CMD-PDU echoes back with
rcmd field in the RSP-PDU and the cmd_stat field or the status field should show the error as
orle of alarm~factors.

When the FDC slave ‘PM detects the error, it shall discard the command and execui;re

8..7.7 Alarm through RSP-PDU.CMD_STAT

Thélefror described above means an abnormal condition or malfunction for communicatipn
activities. Whereas, another troubles on a remote device should be informed to the FAL user,
too.

Those statuses can be transferred as an alarm or a warning through the status fields in the
short PDU type responses or the cmd_stat field in the enhanced PDU type responses. The
status changes have no effect on the PM directly.

The alarm means a status to tell that the field device has detected a fatal problem to be
solved and cannot continue normal working. And, the warning means a status to tell that the
device has detected a slight or passing problem but still working normally.
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8.3 Message Protocol Machine (MSGPM)
8.3.1 Protocol overview
8.3.1.1 General

In the Message service, two types of protocols are defined in the Type 24 FAL. One is a user
message service that transfers message data by using requester-responder relationship and
another is a one-way message service that handles a message from the sender to the
accepter. An FAL user may execute message communication with a peer FAL user by using

bath of the user message and the Qne-way message
8.B.1.2 Requester-responder type message (user message)
The user message communication shall be processed according to the PDU flow diagrgm
Figure 21.
REequester AP Fetponder AP
(C1 Master AP (01 Master AP
or C2 Master AP) or 2 Master AF
or Slave AP)
| T | T
SGReq PDU MEGRsp PDU
M8GRep PDU l MS8GReq PDU
l |
MSG ASE MSG ASE
Requester Class) Responder Class)
| T | T
8GReq PDU M&GRsp PDU
l M&GRep PDU l MS8GReq PDU
| |
MSG AREP M8&G AREP
& &
M8GRsp PDU
M8GReq PDU
Figure 21 — PDU transmission flow for user message

A message communication is started from a Requester AP.

The Requester AP sends an MSGReq-PDU to a Responder AP via an MSG ASE and an MSG
AREP in the Requester side.

The Responder AP receives the MSGReg-PDU via an MSG AREP and an MSG ASE in the
Responder side.

The Responder AP decodes the MSGReq-PDU, executes some activity according to the
contents of the MSGReq-PDU, and generates the response data as an MSGRsp-PDU.
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The MSGRsp-PDU is transferred to the Requester AP in the inverse process for the MSGReqg-
PDU.

The Requester AP decodes the MSGRsp-PDU and executes some activity according to the
contents of it.

8.3.1.3 One-way message

A message communication that requires no response shall be processed according to the
PDU flow diagram Figure 22

Requester AP Responder AP
(C1 Master AP (01 Master AP
or 02 Master AP) or G2 Master AF

or SlavelP)
! 1*
MEGReq PDU
l MBGReq _.PDU
|
MEG ASE MBEG ABE
(Requester Class) (Responder Class)
! r
MEGEReq .PDU
MECGReq PDU
|
MEG AR EP MBG AREP

F. 3

M&GReq FDU

Figure 22 — PDU transmission flow for one-way message

A [message communication is started from a Requester AP.

The Responder AP receives the MSGReqg-PDU via an MSG AREP and an MSG ASE in the
Responder side.

The Responder-AP decodes the MSGReq-PDU and executes some activity according to the
contents of it.
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Requester Protocol Machine (MSGPM-RQ)

State descriptions

Figure 23 shows the MSGPM-RQ statechart diagram, and Table 21 describes each state
the MSGAR-RAQ.

. (E1/T1) ¢ any
Ef/ATE | gm0 4]
I R L S
|
E2/T2 vV
50
( (-
- .—")ll
et E3/T3

of

EG/T6
E6/T8, &
E8/TH |
E7/T?
Y
Figure 23 — Statechart diagram of MSGPM-RQ
Table 21 — State descriptions of MSGPM-RQ
S# State Substate Description

S Disabled State when the Requester Class of MSG ASE
(Requester) has just been instantiated to an object as
this PM
The PM is waiting to finish creating an AP-context and to
receive Enable.requet from a FSM ASE.
Entry/ Initial values are set in Attributes of the MSG
Requester object.

S1 WaitRequestMSG State when the PM is waiting for a request from a FAL
user to transfer a message

S2 SendingRequestMSG State when the PM is transmitting the MSGREQ-PDU

S3 WaitComfirmMSG State when the PM is waiting for the response from the

peer Responder

S4 SendingOnewayMSG State when the PM is transmitting the MSGREQ-PDU as
a one-way message

8.3.2.2 Triggering events

Table 22 lists each trigger events of the MSGPM-RQ.
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E# Trigger event: Event source Associated parameters Description
Primitive or condition
E1 MSG-Reset.req FSM ASE
E2 MSG-Open.req FSM ASE AREPID
E3 MSG-Enable.req FSM ASE
E4 MSG-UserMessage.req FAL user TID, SPID, DPID, Length, MSGReq-
SDU
/quIIQQfDI’
AP)
ES5 MSG-OnewayMessage.req FAL user TID, SPID, DPID, Length, MSGReq-
SDU
(Requester
AP)
EQ MSG-AbortTransaction.req FAL user TID
(Requester
AP)
E7 AR-SendMessage.cnf AR ASE ServiceStatus
(MSG-AR)
E§ AR-ReceiveMessage.cnf AR ASE ServiceStatus, SPID, kength,
MSGService-SDU, Result
(MSG-AR)
8..2.3 Action descriptions at state transitions
Table 23 describes state transitions of the state machine of MSGPM-RQ.

Table 23 — Transitions of MSGPM-RQ

[# Source Event (arguments) [conditions] Target
State | action State

T1 (any state) E1: MSG-Reset.req S0:Disabled
/
[*-- Clearing all attributes of MSG requester --*/;

T2 S0:Disabled E2: MSG-Open.req (AREPID) S0:Disabled
/
[*-- Initializing MSG requester --*/; @

T3 S0:Disabled E3: MSG-Enable.req S1:WaitRequestMSG
/ [*-- no-operation --*/;

T4 S1:WaitRequestMSG E4: MSG-UserMessage.req (SAPID, TID, Length, S2:SendingRequestMSG
MSGReq-PDU)
/
AR-SendMessage.req (TID, Length, MSGReq-PDU);

T5 S1sWaitRequestMSG E5: MSG-OnewayMessage.req (SAPID, TID, Length, S4:SendingOnewayMSG
MSGReq-PDU)
/
AR anr"\/lnceagn_rnq (Tln’ L nngfh, l\/le‘an Dnll);

T6 S2:SendingRequestMSG | E6: MSG-AbortTransaction.req (SAPID, TID) S1:WaitRequestMSG
| AR-AbortMessage.req (SAPID, TID);

T7 S2:SendingRequestMSG | E7: AR-SendMessage.cnf (+) S3:WaitComfirmMSG
| AR-ReceiveMessage.req;

T8 S3:WaitComfirmMSG E6: MSG-AbortTransaction.req (SAPID, TID) S1:WaitRequestMSG
| AR-AbortMessage.req (SAPID, TID);

T9 S3:WaitComfirmMSG E8: AR-ReceiveMessage.cnf (TID, Length, S1:WaitRequestMSG
MSGRsp-PDU)
/ MSG-UserMessage.cnf (TID, Length, MSGRsp-
PDU);

T10 S4:SendingOnewayMSG | E6: MSG-AbortTransaction.req (SAPID, TID) S1:WaitRequestMSG
/AR-AbortMessage.req;

T11 S4:SendingOnewayMSG | E7: AR-SendMessage.cnf (Result) S1:WaitRequestMSG

/IMSG-OnewayMessage.cnf (TID);

a

The detailed process depends on the system implementation.
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8.3.3 Responder Protocol Machine (MSGPM-RS)
8.3.3.1 State descriptions

Figure 24 shows the MSGPM-RS statechart diagram, and Table 24 describes each state of
the APCSM.

E6/T8, V)
EEB/TH

Figure 24 — Statechart diagram of MSGPM-RS

Table 24 — State descriptions of MSGPM-RS

w
H*

State Substate Description

S Disabled State when the Responder Class of MSG ASE
(Responder) has just been instantiated to an object as
this PM

The PM is waiting to finish creating an AP-context and fo
receive Enable.requet from a FSM ASE.

Entry/ Initial values are set in Attributes of the MSG
Responder object.

S1 WaitIndicationMSG State when the PM is waiting for a message from a
Requester

S2 WaitResponseMSG State when the PM is waiting for a response message
from the FAL user (Responder AP)

S3 SendingResponseMSG State when the PM is transmitting the response message
to the Requester after receiving it from the Responder
AP

8.3.3.2 Triggering events

Table 25 lists each trigger events of the MSGPM-RS.
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Table 25 — Trigger event descriptions of MSGPM-RS

E# Trigger event: Event source Associated parameters Description
Primitive or condition
E1 MSG-Reset.req FSM ASE
E2 MSG-Open.req FSM ASE AREPID
E3 MSG-Enable.req FSM ASE
E4 MSG-UserMessage.rsp FAL user ServiceStatus, TID, DPID, Length,
MSGRsp-PDU
(I—'\’nelhnndnr
AP)
ES5 MSG-AbortTransaction.req FAL user TID
(Responder
AP)
E{ AR-ReceiveMessage.cnf AR ASE ServiceStatus, SPID, Length,
MSGService-PDU
(MSG-AR)
E7 AR-SendMessage.cnf AR ASE ServiceStatus
(MSG-AR)
8.5.3.3 Action descriptions at state transitions
Table 26 describes state transitions of the state machine ofdMSGPM-RS.

Table 26 — Transitions of MSGPM-RS

T# Source Event (arguments) [conditions] Target
State I action State
T1 (any state) E1: MSG-Reset;req S0:Disabled
/
/*-- Clearing all attributes of the MSG responder
__*/;
T2 S0:Disabled E2: MSG-Open.req S0:Disabled
/
£~ Initializing the MSG responder --*/;2
T3 S0:Disabled E3: MSG-Enable.req S1:WaitindicationMS ¢
/ AR-ReceiveMessage.req;
T4 S1:WaitIndicationMSG E7: AR-ReceiveMessage.cnf (TID, Length, S1:WaitindicationMS ¢
MSGReq-PDU, Result) [Message that requires no
response”]
/
MSG-OnewayMessage.ind (TID, Length,
MSGReq-PDU);
T5 S1:WaittndicationMSG E7: AR-ReceiveMessage.cnf (TID, Length, S2:WaitResponseMS G
MSGReq-PDU, Result) [Message that requires a
response”]
/
MSG-UserMessage.ind (TID, Length, MSGReqg-
POLL)
RPBU:
T6 S2:WaitResponseMSG E6: MSG-AbortTransaction.req (SAPID, TID) S1:WaitindicationMSG
/
AR-AbortMessage.req;
AR-ReceiveMessage.req;
T7 S2:WaitResponseMSG E4: MSG-UserMessage.rsp (TID, Length, S3:SendingResponseMSG
MSGRsp-PDU)
/
AR-SendMessage.req (TID, Length, MSGRsp-
PDU);
T8 S3:SendingResponseMSG | E6: MSG-AbortTransaction.req (SAPID, TID) S1:WaitindicationMSG
/
AR-AbortMessage.req;
AR-ReceiveMessage.req;
T9 S3:SendingResponseMSG | E8: AR-SendMessage.cnf S1:WaitindicationMSG

| AR-ReceiveMessage.req;
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a

The detailed process depends on the system implementation.

Whether a response is required or not is defined according to the contents of the MSGReqg-PDU. However, the

details depend on the implemented user message specifications above the FAL.

9

Application relationship protocol machine (ARPM)

9.1 General

ARPM is the state machine for the AR ASE. It shall handle the lower layer to transmit and
receive APDUs to and from the peer ASE. And it shall exchange those APDUs with other
A$Es through providing the AR services in the local FAL.

9.
9.

This type of ARPM shall handle state-transition to exchange of a CMD-RDWY and a RSP-POU

ARPM for FDC ASE

| Overview

with the peer ARPM, shall manage a communication cycle and shall contfol the transfer mo

(s
m

hnage the connection, the command transaction and the WDT values nor check the valid

oflcontents of a CMD-PDU and a RSP-PDU.

communication cycle

ARPM-FDCM ! |

e

ngle transfer or dual transfer), as shown in Figure 25 and Figure 26. But it can neither

ty

G1 Master AP < WF "> [T TP TS | T QAP TS | TR T
7 i)

| | I
Ovole Scale Counter | @ T 1 T 2 T 3 o "1 T T g ol E g 0 | Tt 3
i 1 1 | 1 i 1 1 1 1 1
| A 4
J % ! \
. g\? o B i R
Cwale Scaling Counter [ : | I 2 I3 | 0 I ]t 2 I3 ] 02 Tomdcd ¥ Ll vl 3odag
T ARPM-ELIC S = T | t I ’ = } t t t
ARPM-FDOS | -‘;|| ¥ ) UI h[ 1 -||| I _|!_ i I I
Slave AP < BFS AP AP

communication qicle

NQTE The figure shows the case ©of*Tcomcyc = Icye X 4.

FI
re

where
Tcomcyc: communication cycle;

Tcyc: transmission cycle.

Figure 25 — Example of single transfer process

DC, ASE can optionally provide the function of the dual transfer mode to improve t

iability of the received APDU. This mode is a communication method in which an identiqal

ne

APDU is fransferred twice within one communication cycle, and then they are checked a
verified on the receiver side to detect an error or missing PDU. See Figure 26.

1d

The dual transfer mode can be operated only under the synchronous communication state
and Tcomcye = Tcye X2 , where Teomcyc IS @ communication cycle and Toye is a
transmission cycle.
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communization cvcle

1 Master AP

ARPM-F DG M
11
GycleScaleGnunter| oy 1 12 131
f
F;
¢ 4
Cycle Scaling Counter | 0 11 !
I
AR M-FDCS |:
I
h
Slave AP (EEJ;

NQTE The figure shows the case of Tocomcye = Icye X9,

where
Tcomcyc: communication cycle;
Tcyc: transmission cycle;

ECP: Error-detection and PDU-comparison process.

Figure 26 — Example of dual transfer process

9.2.2 ARPM for FDC Master (ARPM-FDCM)
9.2.2.1 State descriptions

Figure 27 shows the ARPM-FDCM statechartvdiagram, and Table 27 describes each state
the ARPM-FDCM.
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Figure 27 — Statechart'diagram of ARPM-FDCM

Table 27 — State descriptions of ARPM-FDCM

7.
*

State

Substate

Description

S(

Disabled

State when the FDC Master AR Class has just been
instantiated to an object as this PM

The PM is waiting to finish creating an AP-context and
to receive Enable.request from a FSM ASE.

entry/ Initial values are set in Attributes of the
FDCMaster AR object

S1

PrimaryCycle

State when a cyclic transmission mode in the lower
layer is being executed in a specific transmission cycl
and APDUs can be transmitted

But the FDC PM is still in disconnected, and so no
communication cycle has been generated yet but the

w

just primary cycle has, which synchronize with the

4 !
ramrSTSSToT CyCres

entry/ Transition into the sub state: S1.0.

Idle

Substate when the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for the associated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID

WaitFDC-
DataExchngecnf

Substate when the PM is waiting for the associated
FDC-DataExchange.cnf after requesting the
DataExchange.req to the related FDC-SAPID

WaitDL_SET_DATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID
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S#

State

Substate

Description

S§2

FirstCycle

State when a connection in FDC ASE is established, the
communication cycle is specified in the form of integer
multiple of the primary cycle as ComTime, and in this
first primary cycle the ARPM-FDCM exchanges PDUs
between the FDC ASE and DLL

If the communication cycle is same as the primary
cycle, the PM remains in this state while the FDC PM is
in connected.

entry/ Transition into the sub state: S2.1.

Idle

Substate when the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitDL_GET_DATA.cnf

Substate when the PM is waiting for the asso€iated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID

WaitFDC-
DataExchnge.cnf

Substate when the PM is waiting for therassociated
FDC-DataExchange.cnf after requesting the
DataExchange.req to the related, FDC-SAPID

WaitDL_SET_DATA.cnf

Substate when the PM is waliting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to theyrelated DL-SAPID

S3

SecondCycle

State when a connection in FDC ASE is established apd
the ARPM-FDCM is.in the second primary cycle of the
communication‘cycle

If the communication cycle is twice primary cycle, the
PM doesmnot have a transition to this state but to
LastCGycle at the second primary cycle.

In~the’dual transfer mode, the second CMD-PDU
transmission is executed after the regular PDU
exchange in the first cycle.

entry/ Transition into the sub state: S3.3.

Idle

Substate when the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitDL_SET.DATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID

S4

MiddleCycle

State when a connection in FDC ASE is established apd
the ARPM-FDCM is in the middle primary cycle; not th
1st, the 2nd nor the last cycle

[]

If the communication cycle is treble primary cycle, the
PM does not have a transition to this state but to
LastCycle at the third primary cycle.

LastCycle

State when a connection in FDC ASE is established apd
the ARPM-FDCM is in the last primary cycle of the
communication cycle

In the dual transfer mode, the PM receives a RSP-PDU
from the slave and stores it into the internal buffer
before the regular PDU exchange in the first cycle.

S5.0

S5.1

S5.3

entry [(the source state == S1) | (single transfer mode)]
/ Transition into the sub state: S5.0

entry [dual transfer mode] / Transition into the sub
state: S5.1

Idle

Substate when the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for the associated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID

WaitDL_SET_DATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID, if the
communication cycle is twice primary cycle
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S# State Substate Description
S6 EventDriven - Corresponding state to the event-driven mode in DLL
A CMD-PDU is not cyclically transmitted but in case of
necessity it's done and after that, sequentially RSP-
PDU is received using DL services provided in the
event-driven mode.
entry/ Transition into the sub state: S6.0.
S6.0 WaitRequestCMD Substate when the PM is waiting for AR-
SendCommand.req from FDC ASE
Sp.1 SendingRequestCMD Substate when the PM Is waiting for completion of
DL_SDN.req
S6.2 WaitConformCMD Substate when the PM is waiting for the reception’ of
DL_SDN.ind from DLL as a RSP-PDU
9.2.2.2 Triggering events
Table 28 lists each trigger events of the ARPM-FDCM.
Table 28 — Trigger event descriptions of ARPM-FDCM
B# Trigger event: Event Associated-parameters Description
L . source
Primitive or condition
E1 AR-Reset.req FSM ASE
EZ AR-Open.req FSM ASE BLSAPID, FDCSAPID
E3 AR-Enable.req FSM ASE TransmissionMode
E4 EVM-SyncEvent.ind EVM ASE
ES5 FDC-DataExchange.cnf FDC ASE CMD-SDU
(Master)
E§ AR-ResetCycle.req FDC ASE
(Master)
E7 AR-StartComCycle.req FDC ASE ComTime, DTMode,
CMDForm
(Master)
ES AR-SendCommand.req FDC ASE CMD-SDU
(Master)
E9 DL-READ-DATA.cnf DLL Result, DLSDU
E1[0 DL-WRITE=DATA.cnf DLL Result
E1|1 DL-SDN-.ind DLL SAP_ID, Node_ID,
Length, DLSDU
E1f2 BL-SDN.cnf DLL Result
(Master)
9.2.2.3 Action descriptions at state transitions

Table 29 describes state transitions of the main SM of ARPM-FDCM.

describes state transitions of the submachine of ARPM-FDCM.

Moreover, Table 30
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T# Source Event (arguments) [conditions] Target
State | action State
T1 (any state) E1:AR-Reset.req S0:Disabled
/ [*-- Clearing all attributes of the FDC-Master AR --*/;
T2 S0:Disabled E2:AR-Open.req S0:Disabled
/ [*-- Initializing the FDC-Master AR --*/; a
T3 S0:Disabled E3:AR-Enable.req (comMode) [comMode == “cyclic”] S1:PrimaryCycle
/ [*-- no-operation --*/;
T4 S0:Disabled E3:AR-Enable.req (comMode) [comMode == “eventDriven”] S6:EventDriven
/ [*-- no-operation --*/;
TH S1:PrimaryCycle E7:AR-StartComCycle S5:LastCycle
| [*-- no-operation --*/;
T6 S1:PrimaryCycle The other events S1:RrimaryCyfcle
/ I*-- state transition in the submachine --*/;
T7) S2:FirstCycle E4:EVM-SyncEvent.ind [ComTime == 1] S2:FirstCycle
/ CycleScaleCounter = 0;
AR-CycleEvent.ind to FDC Master objects;
T8 S2:FirstCycle E4:EVM-SyncEvent.ind [ComTime == 2] S5:LastCycle
| CycleScaleCounter++;
T9 S2:FirstCycle E4:EVM-SyncEvent.ind [(ComTime > 2) && (DTMode == S4:MiddleCydle
“Single”)]
/ CycleScaleCounter++;
T10 S2:FirstCycle E4:EVM-SyncEvent.ind [(ComTime > 2) && (DTMode == S3:SecondCyfgle
“Dual”)]
| CycleScaleCounter++;
T S2, S3, S4, or S5 E6:AR-ResetCycle.req S1:PrimaryCyfcle
/ [*-- no-operation --*/;
T2 S2:FirstCycle The other events S2:FirstCycle
| I*-- state transition in the ubmachine --*/;
T13 S3:SecondCycle E4:EVM-SyncEvent.ind [EomTime == 3] S5:LastCycle
| CycleScaleCounter+t;
T1¥ S3:SecondCycle E4:EVM-SyncEventqind'[ComTime > 3] S4:MiddleCydle
| CycleScaleCounfer++;
T15 S3:SecondCycle The other events S3:SecondCyfle
| [*-- state_transition in the submachine --*/;
T16 S4:MiddleCycle E4:EVM-SyncEvent.ind [CycleScaleCounter < (ComTime-2)] S4:MiddleCydle
/ CycleScaleCounter++;
T S4:MiddleCycle E4:EVM-SyncEvent.ind [CycleScaleCounter == (ComTime-2)] S5:LastCycle
/ CycleScaleCounter++;
T18 S5:LastCycle E4:EVM-SyncEvent.ind S2:FirstCycle
/ CycleScaleCounter = 0;
AR-CycleEvent.ind to FDC Master objects;
T19 S5:LastCycle The other events S5:LastCycle
/ [*-- state transition in the submachine --*/;
T20 S6:EveftDriven Any events except E1 S6:EventDrivgn
/ [*-- state transition in the submachine --*/;
a8 [ The detaited process depends on the system implementation.
Table 30 — Transitions of submachine of ARPM-FDCM

T# Source Event (arguments) [conditions] Target
State / action State
T6.0 (S0) /entry S1.0:ldle
(T3) / I*-- no-operation --*/;
T6.1 S1.0:1dle E4:EVM-SyncEvent.ind S1.1:WaitDL_GET
/ DL_GET_DATA.req ; _DATAcnf
T6.2 S1.1:WaitDL_GET_ | E9:DL_GET_DATA.cnf (rsdu) S1.2:WaitFDC-
DATAcnf / FDC-DataExchange.req (rsdu); DataExchangecnf
T6.3 S1.2:WaitFDC- E5:FDC-DataExchange.cnf (csdu) S1.3:WaitDL_SET
DataExchangecnf / DL_SET_DATA.req (csdu); _DATAcnf
T6.4 S1.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S1.0:ldle
DATAcnf / [*-- no-operation --*/;
T12.0 (S2 or S5) /entry S.2.1:WaitDL_GET
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T# Source Event (arguments) [conditions] Target
State / action State
(T7, / DL_GET_DATA.req ; _DATAcnf
T18)
T12.1 S2.1:WaitDL_GET_ | E9: DL_GET_DATA.cnf (rsdu) S.2.2: WaitFDC-
DATAcnf / if (DTMode == “Dual”) DataExchangecnf
{ /*-- Error detection and PDU comparison process
-- with lastRsdu and rsdu --*/}
else {/*-- no-operation --*/;}
FDC-DataExchange.req (rsdu);
T12.2 S2.2: WaitFDC- E5:FDC-DataExchange.cnf (csdu) S2.3: :WaitDL_SE
DataExchangecnf / DL_SET_DATA.req (csdu); T_DATAcn{
if (DTMode == “Dual”) { lastCsdu = csdu;}
T1R.3 S2.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S.2.0-dle
DATAcnf / I*-- no-operation --*/;
T1.0 (S2:FirstCycle) /entry S3.3'WaitDL_[SET
(TlSO) / DL_SET_DATA.req (csdu) ; _DATAcnf
T1|5.1 S3.3:WaitDL_SET_ | E10: DL_SET_DATA.cnf (+) S3.0:ldle
DATAcnf / [*-- no-operation --*/;
T1[9.0 (S1:PrimaryCycle) /entry S5.0:I1dle
(T5) / I*-- no-operation --*/;
T1|9.1 (S2, S3, or S4) /entry [DTMode == “Single”] S5.0:1dle
| [*-- no-operation --*/;
T19.2 (S2, S3, or S4) /entry: [DTMode == “Dual”] S5.1:WaitDL_|GET
/ DL_GET_DATA.req ; _DATAcnf
T19.3 S5.1:WaitDL_GET_ | E9: DL_GET_DATA.cnf (rsdu) [ComTime'\== 2] S5.3:WaitDL_[SET
DATAcnf / lastRsdu = rsdu; _DATAcnf
DL_SET_DATA.req (lastCsdu);
T10.4 S5.1:WaitDL_GET_ | E9: DL_GET_DATA.cnf (rsdu) [ComTime > 2] S5.0:1dle
|9 DATAcnf / lastRsdu = rsdu;
T1o.5 S5.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S5.0:1dle
DATAcnf / I*-- no-operation --*/;
T20.0 (S0) /entry: S6.0:WaitRequest
(T#) / I*-- no-operation -£%; CMD
T20.1 S6.0:WaitRequestC | E8: AR-SendCommand.req (csdu) S6.1:SendingRequ
MD / DL_SDN.req«SAP_ID, Node_ID, Length, DLSDU) ; estCMD
T20.2 S6.1:SendingRequ E12: DL_SDN.cnf S6.2:WaitConfform
estCMD / I*-- no-operation --*/; CMD
T20.3 S6.2:WaitConform E11:'DL)SDN.ind (SAP_ID, Node_ID, Length, DLSDU) S6.0:WaitRequest
CMD / AR-SendCommand.cnf (ServiceStatus, rsdu); CMD
T20.4 S6.2:WaitConform E13 Communication time-out S6.0:WaitRequest
CMD I CMD
/*-- Communication alarm processing and resume processing -
_*/;
NQTE “lastCsdu” apd\lastRsdu” are local variables.
9.R.3 ARPM for FDC Slave (ARPM-FDCS)
9.R:3 A1 State descriptions

Figure 28 shows the ARPM-FDCS statechart diagram, and Table 31 describes each state of
the ARPM-FDCS.
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Figure 28 — Statechart.diagram of ARPM-FDCS

Table 31 — State descriptions of ARPM-FDCS

7.
H

State

Substate

Description

S(

Disabled

State when the FDC Slave AR Class has just
instantiated to an object as this PM

The PM is waiting to finish creating an AP-context and|to
receive Enable.request from a FSM ASE.

entry/ Initial values are set in Attributes of the FDC
Slave AR object

S1

PrimaryCycle

State when a cyclic transmission mode in the lower layer
is being executed in a specific transmission cycle and
APDUs can be transmitted

The FDC PM is still in disconnected, and so no
communication cycle has been generated yet but the jgist
primary cycle has, which synchronize with the
transmission cycle.

S1.1

S$1.2

entry/ Transition into the sub state: S1.0.

Idle

Substate where the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for the associated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID

WaitFDC-
DataExchange

Substate when the PM is waiting for the associated
FDC-DataExchange.cnf after requesting the
DataExchange.req to the related FDC-SAPID

WaitDL_SET_DATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID
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S#

State

Substate

Description

S§2

FirstCycle

State when a connection in FDC ASE is established, the
communication cycle is specified in the form of integer
multiple of the primary cycle as ComTime, and in this
first primary cycle the ARPM-FDCS exchanges PDUs
between the FDC ASE and DLL

If the communication cycle is same as the primary cycle,
the PM remains in this state while the FDC PM is in
connected.

entry [the source state != S7] / Transition into the

batata: S92 4
StoState—ozZz 1

entry [the source state == S7] / Transition into the
substate: S2.2.

Idle

Substate when the PM is waiting for the start\signal
based on the network clock for the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for thejassociated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID

WaitFDC-
DataExchange

Substate when the PM is waiting for the associated
FDC-DataExchange.cnf after requesting the
DataExchange.req to thésretated FDC-SAPID

WaitDL_SET_DATAcnf

Substate when the PM.is waiting for the associated
DL_SET_DATA cnfiafter requesting the
DL_SET_DATA!reg to the related DL-SAPID

S4

MiddleCycle

State when a‘connection in FDC ASE is established, apd
in each middle primary cycle of the communication cydle
the ARPM-FDCS relay a RSP-PDU from the FDC ASE |to
DLl

Idle

Substate when the PM is waiting for the start signal
based on the network clock for the next primary cycle

WaitFDC-
DataExchange

Substate when the PM is waiting for the associated
FDC-DataExchange.cnf after requesting the
DataExchange.req to the related FDC-SAPID

WaitDL_SETZDATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID

LastCycle

State when a connection in FDC ASE is established, aphd
in the last primary cycle of the communication cycle th
ARPM-FDCS relay a RSP-PDU from the FDC ASE to
DLL

In the dual transfer mode, the PM receives a CMD-PDYU
from the master and stores it into the internal buffer
before the regular PDU exchange in the first cycle.

D

entry [(the source state !|= S7) && dual transfer mode]
Transition into the sub state: S5.1.

entry [(the source state == S7) || single transfer mode | /
Transition into the sub state: S5.2.

Idle

Substate when the PM is waiting for the start signal fo

S5.1

S§5.2

S§5.3

the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for the associated
DL_GET_DATA.cnf after requesting the
DL_GET_DATA.req to the related DL-SAPID if in the
dual transfer mode

WaitFDC-
DataExchange

Substate when the PM is waiting for the associated
FDC-DataExchange.cnf after requesting the
DataExchange.req to the related FDC-SAPID

WaitDL_SET_DATAcnf

Substate when the PM is waiting for the associated
DL_SET_DATA.cnf after requesting the
DL_SET_DATA.req to the related DL-SAPID
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S#

State

Substate

Description

S6

S6.0

EventDriven

Corresponding state to the event-driven mode in DLL

A CMD-PDU is not cyclically received but as in case of

necessity, it's done and after that, sequentially a RSP-

PDU is transmitted using DL services in the event-driven

mode.

entry/ Transition into the sub state: S6.0.

WaitCMDlIndication

Substate when the PM is waiting for the DL_SDN.ind
from DLL, which originates with the peer master AP

WaitCMDResponse

Substate when the PM Is waiting for the FDC-
Command.rsp

SendingCMDResponse

Substate when the PM is waiting for completion, of
DL_SDN.req

S7

WaitComCycle

State when the PM is detecting the start edge of the
communication cycle with a change of EMD-PDUs

The destination state of the transitionsplits in two stat
depending on the transfer mode.

Idle

Substate when the PM is waiting for the start signal fo
the next primary cycle

WaitDL_GET_DATAcnf

Substate when the PM is waiting for the associated
DL_GET_DATA.cnfto check its contents after
requesting the DE_GET_DATA.req to the related DL-
SAPID

When the‘CMD Code and the WDT in the got PDU wit
the identical values to the previous ones, ARPM-FDCS§
transitito S7.0 and then waits for the next cycle withou
executing any process.

On*the other hand, when those values have changed,
the PM has a transition to exit from this state.

-

9.p.3.2

Triggering events

Table 32 lists each trigger events of the’ARPM-FDCS.

Table 32 - Trigger event descriptions of ARPM-FDCS

H# Trigger event: Event Associated parameters Description
Primitive or condition source
E1 AR-Reset.req FSM ASE
EZ AR-Open.req FSM ASE DLSAPID, FDCSAPID
E3 AR-Enablexreq FSM ASE TransmissionMode
E4 EVM-SyneEvent.ind EVM ASE NetClock
E{ FDE>DataExchange.cnf FDC ASE CMD-SDU
(Slave)
E AR-ResetCycle req EDC ASE
(Slave)
E7 AR-StartComCycle.req FDC ASE ComTime, DTMode,
CMDForm
(Slave)
E8 AR-SendCommand.rsp FDC ASE ServiceStatus,
RSP_ASDU
(Slave) -
E9 DL-READ-DATA.cnf DLL Result, , DLSDU
E10 DL-WRITE-DATA.cnf DLL Result
E11 DL_SDN.ind DLL SAP_ID, Node_ID,Length,
DLSDU
E12 DL_SDN.cnf DLL Result
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E# Trigger event: Event Associated parameters Description
Primitive or condition source
E13 Error detected FDC ASE See 8.2.7
(Slave)
E14 ComCycleStart This object Internal event from S7

9.2.3.3 Action descriptions at state transitions
Tgbte 33 describes state transitions of the maim Svof ARPM-FDCS—Moreover, Tabte 34
dgscribes state transitions of the submachine of ARPM-FDCS.
Table 33 — Transitions of main SM of ARPM-FDCS
T# Source Event (arguments) [conditions] Target
State | action State
T1 (any state) E1:AR-Reset.req S0:Disabled
/ I*-- Clearing all attributes of the FDC-Slave AR --*/;
T2 S0:Disabled E2:AR-Open.req S0:Disabled
/
/*-- Initializing the FDC-Slave AR --*/; @
T3 S0:Disabled E3:AR-Enable.req (comMode) [comMode ==\{syclic”] S1:PrimaryCyfcle
/ [*-- no-operation --*/;
T4 S0:Disabled E3:AR-Enable.req (comMode) [comMod€ == “eventDriven”] S6:EventDrivéen
/ [*-- no-operation --*/;
T5 S1:PrimaryCycle E7:AR-StartComCycle S7:WaitCom(ycle
/ [*-- no-operation --*/;
T6 S1:PrimaryCycle The other events S1:PrimaryCyfcle
/ I*-- state transition in the submachine --*/;
T7] S2:FirstCycle E4:EVM-SyncEvent.ind [ComTime == 1] S2:FirstCycle
/ CycleScaleCounter.,=0;
AR-CycleEvent.ind'to FDC Slave objects;
T8 S2:FirstCycle E4:EVM-SyncEyent.ind [ComTime == 2] S5:LastCycle
| CycleScaleCounter++;
T9 S2:FirstCycle E4:EVM-SyncEvent.ind [ComTime > 2] S4:MiddleCydle
| CycleScaleCounter++;
T10 S2, S4,0r S5 E6:AR-ResetCycle.req S1:PrimaryCyfcle
| [*-~nho-operation --*/;
T S2:FirstCycle The other events S2:FirstCycle
1 I*-- state transition in the submachine --*/;
TR S4:MiddleCycle E4:EVM-SyncEvent.ind [CycleScaleCounter < (ComTime-2)] S4:MiddleCydle
/ CycleScaleCounter++;
T8 S4:MiddleCycle E4:EVM-SyncEvent.ind [CycleScaleCounter == (ComTime-2)] S5:LastCycle
/ CycleScaleCounter++;
T4 S4:MiddleCycle The other events S4:MiddleCydle
/ I*-- state transition in the submachine --*/;
T S5:LastCycle E4:EVM-SyncEvent.ind S2:FirstCycle
/ CycleScaleCounter = 0;
AR-CycleEvent.ind to FDC Slave objects;
T16 S5:1astCycle The other events S5:l astCycle
/ [*-- state transition in the submachine --*/;
T17 S6:EventDriven The other events S6:EventDriven
/ [*-- state transition in the submachine --*/;
T18 S7:WaitComCycle E14:ComCycleStart [ DTMode == Single] S2:FirstCycle
/ CycleScaleCounter = 0;
AR-CycleEvent.ind to FDC Slave objects;
T19 S7:WaitComCycle E14:ComCycleStart [ DTMode == Dual] S5:LastCycle
| CycleScaleCounter = ComTime-1;
T20 S7:WaitComCycle The other events S7:WaitComCycle

| I*-- state transition in the submachine --*/;

@ The detailed process depends on the system implementation.
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T# Source Event (arguments) [conditions] Target
State | action State
T6.0 (S0) /entry S1.0:1dle
(T3) / [*-- no-operation --*/;
T6.1 S1.0:1dle E4:EVM-SyncEvent.ind S1.1:WaitDL_GET
/ DL_GET_DATA.req ; _DATAcnf
T6.2 S1.1:WaitDL_GET_ | E9:DL_GET_DATA.cnf (csdu) S1.2:WaitFDC-
DATAcnf / FDC-DataExchange.req (csdu); DataExchangecnf
T6.3 S1.2:WaitFDC- ES:FDC-DataExchange.cnf (rsdu) S1.3:WaitDlL_SET
DataExchangecnf / DL_SET_DATA.req (rsdu); _DATAcnf
T6.4 S1.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S1.0:1d]le
DATAcnf / [*-- no-operation --*/;
T11.0 (82, S5,) /entry S271:WaitDL_|GET
(TY, / DL_GET_DATA.req ; rDATAcNf
T1I§,
T18)
T .1 (S7) /entry S2.2: WaitFDf-
/ FDC-DataExchange.req (lastCsdu); DataExchanggcnf
TI.2 S2.1:WaitDL_GET_ | E9: DL_GET_DATA.cnf (csdu) S2.2: WaitFDf-
DATAcnf / if (DTMode == “Dual”) DataExchangecnf
{ /*-- Error detection and PDU comparison process
-- with lastCsdu and csdu
=1}
else {/*-- no-operation --*/;}
FDC-DataExchange.req (csdu);
lastCsdu = csdu;
TI1.3 S2.2: WaitFDC- E5:FDC-DataExchange.cnf (rsdu) S2.3: :WaitDl_SE
DataExchangecnf / DL_SET_DATA.req (rsdu); T_DATAcnf
TI.4 S2.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S.2.0:ldle
DATAcnf / [*-- no-operation --*/;
T14.0 (S2:FirstCycle) /entry S4.1: WaitFD-
DataExchangecnf
(Tp0) /
FDC-DataExehange.req (csdu1);
T4 S4.1: WaitFDC- E5:FDC-DataExchange.cnf (rsdu) S4.2: :WaitDl_SE
DataExchangecnf T_DATAcnf
/ DL_SET_DATA.req (rsdu);
T14.2 S4.2:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S.4.0:ldle
DATAcnf [NE2- no-operation --*/;
T16.0 (S2, S4) /entry S5.1:WaitDL_|GET
|6 / DL_GET_DATA.req; _DATAcnf
T16.1 (S7) /entry S5.0:1dle
/ [*-- no-operation --*/;
T16.2 S5.1:Waitbll_ GET_ | E9: DL_GET_DATA.cnf (csdu) S5.2:WaitFD(-
DATAenf / DataExchanggcnf
FDC-DataExchange.req (lastCsdu);
lastCsdu = csdu;
T16.3 S5.2:WaitFDC- E5: FDC-DataExchange.cnf (rsdu) S5.3:WaitDL_|SET
DataExchangecnf / DL_SET_DATA.req (rsdu); _DATAcnf
T1|6.4 S$5.3:WaitDL_SET_ | E10:DL_SET_DATA.cnf (+) S5.0:ldle
DATAcnHT [ *-- no-operation --*/;
T17.0 (S0) /entry: S6.0:WaitRequest
(T4) / I*-- no-operation --*/; CMD
T17.1 S6.0:WaitCMDIndic | E11: DL_SDN.ind (SAP_ID, Node_ID, Length, DLSDU) S6.1:WaitCMDRes
ation / AR-SendCommand.ind (csdu); ponse
T17.2 S6.1:WaitCMDRes E8: AR-SendCmmand.rsp (serviceStatus, rsdu) S6.2:SendingCMD
ponse / DL_SDN.req (SAP_ID, Node_ID,Length, DLSDU); Response
T17.3 S$6.2:SendingCMD E12: DL_SDN.cnf (+) S6.0:WaitCMDIndi
Response / I*-- no-operation --*/; cation
T17.4 S6.2:SendingCMD E13:Communication time-out S6.0:WaitCMDIndi
Response / cation
/*-- Communication alarm processing/resume processing --*/;
T20.0 /entry S7.0:ldle
| [*-- no-operation --*/;
T20.1 S7.0:ldle E4: EVM-SyncEvent.ind S7.1:
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T# Source Event (arguments) [conditions] Target
State | action State
/ DL_GET_DTAT.req; WaitDL_GET_DAT
Acnf
T20.2 S7.1: E9:DL_GET_DATA.cnf (csdu) [csdu == lastCsdu] S7.0:1dle

Acnf

WaitDL_GET_DAT | /lastCsdu = csdu;

T20.3 S7.1: E9:DL_GET_DATA.cnf (csdu) [csdu != lastCsdu] exit from the
XVai]EDL_GET_DAT / I*-- signal E14:StartComCycle to the main machine --*/; submachine
cn
NOTE “lastCsdu” is a local variable.
9.4 ARPM for FDC Monitor (ARPM-FDCMN)
9.2.4.1 State descriptions
Figure 29 shows the ARPM-FDCMN statechart diagram, and Table 35 descfibes each state [of
the ARPM-FDCMN.
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Figure 29 — Statechart diagram of ARPM-FDCMN
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Table 35 — State descriptions of ARPM-FDCMN

Substate Description

S# State

State when the FDC Monitor AR Class has just
instantiated to an object as this PM

SO Disabled -

The PM is waiting to finish creating an AP-context and to
receive Enable.request from a FSM ASE.

entry/ Initial values are set in Attributes of the FDC
Monitor AR object

yaS V1

S1 InV‘IUII;tUI;IIH Statv VVhUII thU T InV‘I ;O aut;vatvd tU IIIUII;tUI t:-lU UIVID PDU

or the RSP-PDU

Sj1.0 Idle Substate when the PM is waiting for an FDC ASE’s
request to get CMD-PDU or RSP-PDU by the AR-
GetCMD.req or the AR-GetRSP.req

Sp.1 WaitCMDData Substate when the PM is waiting to receive CMD-PDU
from the other station through the DLL

S|1.2 WaitRSPData Substate when the PM is waiting to,receive RSP-PDU

from the other station through the DEL

9..4.2 Triggering events

Table 36 lists each trigger events of the ARPM-FDCMN.

Table 36 — Trigger event descriptions-of ARPM-FDCMN

H# Trigger event: Event Associated parameters Description
Primitive or condition source
E1 AR-Reset.req FSM ASE
E2 AR-Open.req FSM,ASE DLSAPID, ASESAPID
E3 AR-Enable.req FSM ASE TransmissionMode
E4 EVM-SyncEvent.ind EVM ASE NetworkClock
ES AR-GetCMD.req FDC ASE APID
(Monitor)
E6 AR-GetRSP.req FDC ASE APID
(Monitor)
E7 DL-READ-DATA enf DLL Result, DLSDU

9.2.4.3 Action descriptions at state transitions

Table 37 describes state transitions of the main SM of ARPM-FDCMN. Moreover, Table 88
dgscribes state transitions of the submachine of ARPM-FDCMN.

Table 37 — Transitions of main SM of ARPM-FDCMN

T# Source Event (arguments) [conditions] Target
State | action State
T1 (any state) E1:AR-Reset.req S0:Disabled
/
/*-- Clearing all attributes of the FDC-Monitor AR --*/;
T2 S0:Disabled E2:AR-Open.req S0:Disabled
/
/*-- Initializing the FDC-Monitor AR --*/; a
T3 S0:Disabled E3:AR-Enable.req S1:Monitoring
/ [*-- no-operation --*/;
T4 S1:Monitoring E4: EVM-SyncEvent.ind S1:Monitoring
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T# Source Event (arguments) [conditions] Target
State | action State
/ [*-- no-operation --*/;
T5 S1:Monitoring The other events S1:Monitoring

/ [*-- state transition in the submachine --*/;

@ The detailed process depends on the system implementation.

Table 38 — Transitions of submachine of ARPM-FDCMN

T# Source Event (arguments) [conditions] Target
State | action State
T5.0 S0 /entry S1.0:ldle
(T®) / I*-- no-operation --*/;
TH1 S1.0:ldle E5:AR-GetCMD.req(DL-NodelD) S1.1:WaitCM[OData
/
/*-- Generate SAP_ID from DL-NodelD --*/;
DL_GET_DATA.req(SAP_ID);
TH2 S1.0:ldle E6:AR-GetRSP.req(DL-NodelD) S1.2:WaitRSPData
/
/*-- Generate SAP_ID from DL-NodelD --*/;
DL_GET_DATA.req(SAP_ID);
T3 S1.1:WaitCMDData | E7:DL_GET_DATA.cnf(Node_ID, DLSDU, Résult) S1.0:ldle
/
/*-- Generate CMD_ASDU from DLSDW #-*/;
AR-GetCMD.rsp (ServiceStatus, CMD “ASDU);
T4 S1.2:WaitRSPData | E7:DL_GET_DATA.cnf(Node_ID, DCSDU, Result) S1.0:ldle
/
/*-- Generate RSP_ASDU from DLSDU. --*/;
AR-GetRSP.rsp (ServiceStatus, RSP_ASDU);
9.8 ARPM for MSG ASE (ARPM-MSG)
9.8.1 State descriptions

The MSGPM manages the transaction of messages. On the other hand, this ARPM or

mpnages each activity of transmission or reception.

y

Figure 30 shows the ARRPM-MSG statechart diagram, and Table 39 describes each state |of
the ARPM-MSG.
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Figure 30 — Statechart diagram of ARPM-MSG

Table 39 — State descriptions of ARPM-MSG

w0
H*

State Substate Description

SQ Disabled State’when the Message AR Class has just instantiated
tovan object as this PM

The PM is waiting to finish creating an AP-context and to
receive Enable.request from a FSM ASE.

entry/ Initial values are set in Attributes of the Message
AR object

S1 Ready State when the PM is waiting for the service request, the
AR-SendMessage.req or the AR-ReceiveMessage.req,
from the MSG ASE

S2 SendingMSG State when the PM is waiting for the completion of the
transmission, DL-SDA.cnf, after receiving AR-
SendMessage.req

S3 ReceivingMSG State when the PM is waiting for message reception, DLA
SDA.ind, after receiving AR-ReceiveMessage.req

9.B.2 Triggering events

Table 40 lists each trigger events of the ARPM-MSG.

Table 40 — Trigger event descriptions of ARPM-MSG

E# Trigger event: Event Associated parameters Description

Primitive or condition source

E1 AR-Reset.req FSM ASE

E2 AR-Open.req FSM ASE DLSAPID, MSGSAPID

E3 AR-Enable.req FSM ASE

E4 AR-SendMessage.req MSG ASE DPID, Length, MSGService-PDU

E5 AR-ReceiveMessage.req MSG ASE SPID, MaxLength

E6 AR-AbortMessage.req MSG ASE

E7 DL-SDA.ind DLL SAP_ID, NodelD, Length, DLSDU
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E# Trigger event: Event Associated parameters Description
Primitive or condition source
E8 DL-SDA.cnf DLL Result
9.3.3 Action descriptions at state transitions

Table 41 describes state transitions of the state machine of ARPM-MSG.

Table 41 = Transitions of ARPM-MSG

T# Source Event (arguments) [conditions] Target
State | action State
T1 (any state) E1: AR-Reset.req S0:Disabled
/
/*-- Clearing all attributes of the Message-AR --*/;
T2 S0:Disabled E2: AR-Open.req (AREPTYPE, DLSAPID) S0:Disabled
/
/*-- Initializing the Message-AR --*/; @
T3 S0:Disabled E3: AR-Enable.req S1:Ready
/ [*-- no-operation --*/;
T4 S1:Ready E4: AR-SendMessage.req (TID, Length, MSGReq*PDU) S2:SendingMBG
/
/*-- Generate DLSDU from MSGRsp-PDU. -:*/;
DL_SDA.req (DLSDU);
T5 S1:Ready E5: AR-ReceiveMessage.req S3:ReceivingMSG
/ [*-- no-operation --*/;
T6 S2:SendingMSG E6: AR-AbortMessage.req (SAPID, TID) S1:Ready
/ [*-- no-operation --*/;
T7] S2:SendingMSG E8: DL_SDA.cnf (+) (Result) S1:Ready
/ [*-- no-operation --*/;
T8 S3:ReceivingMSG E6: AR-AbortMessage.req (SAPID, TID) S1:Ready
| [*-- no-operation~*/;
T9 S3:ReceivingMSG E7: DL_SDA.ind (SAPID, NodelD, Length, DLSDU) S1:Ready
/
/*-- Generate“‘MSGRsp-PDU from DLSDU. --*/;
AR-ReceiveMessage.cnf (+) (TID, Length, MSGRsp-PDU);

The detailed process depends on the system implementation.

The DMPM handles the DLL interface of the AR ASE. However, it does not exist as
inlependent~protocol machine in the Type 24 FAL, because its function is executed direc

by the ARPM.

10 DLL mapping-protocol machine (DMPM)

AN

ly



https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

-112 -

Annex A

IEC 61158-6-24:2014 © IEC 2014

(informative)

Device profile and FDC command sets

Table A.1 shows an example of the device profiles. The device profile provides FAL users a

command set of the _FDCServicePDU for a certain application field.

Table A.1 — Example of registered device profiles

Range Category Profile Code Profile name

‘0Q’H to ‘OF’H System common profiles ‘00'H Legacy command set
'01'H Minimum command set for device configuration
Reserved

“10’H to “1F’'H Servo drive profiles ‘“10'H Standard type servo drive
‘“11"H High resolution control type servo drive
Reserved

‘20’'H to ‘2F'H Inverter drive profiles ‘20'H Standard type inverter drive
Reserved

‘30°'H to ‘3F’H I/0 device profiles ‘30°H Standard typeN/O device
Reserved

‘4Q°H to ‘7F’H Reserved n/a n/a

‘8Q'H to ‘FF’H Reserved n/a n/a

Table A.2 shows an example of the command set{The contents are a set of command cod
offthe profile ‘00’H, or the legacy but most common command set.

Table A.2 — Example command list of the profile ‘00’H

Code +0 +1 +2 +3 Description
'00’'H NOP PRM_RD PRM_WR ID_RD Device common commands
‘04'H CONFIG ALM_RD ALM_CLR n/a
‘¢8'H n/a n/a n/a n/a
‘QC’H n/a SYNC_SET CONNECT DISCONNECT
‘10°'H n/a n/a n/a n/a
‘14'H n/a n/a n/a n/a
‘18'H n/a n/a n/a PPRM_RD
‘“1C’'H PPRM_WR n/a n/a n/a
'20'H POS_SET, BRK_ON BRK_OFF SENS_ON Servo commands, inverter
‘24'H SENS_QFF HOLD n/a n/a commands, and so on
‘28'H n/a n/a n/a n/a
‘4C’H n/a n/a n/a n/a
"$0'H SMON SV_ON SV_OFF n/a
‘$4'H INTERPOLATE | POSING FEED n/a
‘38 LATCH EX_POSING ZRET n/a
‘4CH VVEL CTRI TRQCTRI ADJ SVCTRI
‘40'H INV_CTRL INV_10 n/a n/a

Omitted
‘50'H DATA_RWR DATA_RWS n/a n/a

Omitted
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Annex B
(normative)

Virtual memory space and Device Information

B.1 Overview

The Device Informafion shall be defined and embedded as data blocks on virtual memqdry
sfgace (see Figure B.1). Therefore, every communication system users can access “the
information through the network about any vendor’s products in a standardized manner:

The Device Information may be also provided as a script file with a specific manner. Such| a
file is called the “Mechatronic Device Information” (MDI) file in the Type 24 FAI()But the script
sfecification is out of the scope for this standard.

Pseudo memory address

‘FFFF FFFF'H | Vender specific area

‘8000 0000'H
‘7TFFF FFFF'H | Reserved

‘1000 0000'H
‘OFFF FFFF'H | DeviceNlnformation

includes

“setting parameter for the device
profile, and

- Device identifier information.

‘0000 0QOBO'H

Figure B.1. <Memory map of virtual memory space
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B.2 Device Information

B.2.1 Device identifier area structure

Device identifier information (Device ID) area is a part of the Device Information in the virtual
memory space. Therefore it shall be able to be read out by using either ID_RD-CMD-PDU or
MEM_RD-CMD-PDU.

Figure B.2 shows the memory map of the device ID area.
‘q000 00FF’H | Support sub ‘0000 01FF’'H | Reserved ‘0000 02FF’'H | Reserved
command
‘q000 OOEO'H ‘0000 02EO0’H | Sub devicewersion#3
‘0000 OODF’H | Support Main ‘0000 02DF’H | Sub device;name #3
command
‘q000 00CO’H ‘0000 02CO’H
‘000 00BF'H ‘0000 02BF’H |.Reserved
‘0000 02A0’H.)| Sub device version#2
MAC address ‘0000 029E’H | Sub device name#2
‘0000 0084'H
‘0000 0080’H | SupportComMode ‘0000~0280’H
... | Reserved ‘0000 027F'H | Reserved
‘9000 0074’'H | CurrentDevProfile
‘0000 0070’H | CurrentTransSize
‘J000 006C’H | SupportTransSize
‘¢000 0068'H | MaxComCycle
‘¢000 0064'H | MinComCycle
‘¢000 0060H’ | CycleGranularity ‘0000 0260’'H | Sub device version#1
‘q000 005C’H | MaxTransCycle
‘000 0058’H | MinTransCycle ‘0000 025F’'H | Sub device name#1
‘0000 0054’H | ProfileVersion#3
‘0000 0050’H | DeviceProfile#3 ‘0000 0240°H
‘000 004C’H | ProfileVersion#2
‘0000 0048’H | DeviceProfile#2
‘0000 0044’H | ProfileVersion#1
‘0000 0040’H | DeviceProfile#1
... | Reserved
‘0000 0034’H | Product serial# ‘0000 0120°H
‘0000 0018’H ‘0000 011F’ | Support
‘0000 0014’H | NumOfEXtNode Common
‘9000 0010’H | DeviInfoVersion parameter
‘Jo000 000C’H | Deyiceversion
‘0000 0008’H | Device code
‘9000 0004'H) Vender ID code
‘0000 000Q’H\} Reserved ‘0000 0100°H
Figure B.2 — Memory map of device ID area
Blo> Detail iieati fdevi B

Table B.1 describes detail specifications of each device IDs.
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Table B.1 — Specifications of device IDs

ID CODE Contents Data size Data type provision

‘0001'H Vendor ID code 4 octets Unsigend32 Required

Description: ID code that identifies the vendor

‘0002'H Device code 4 octets Unsigend32 Required

Description: code number that represents each device model

This number shall be unique to each product series within a vender ID code.

The number ‘FFFF FFFF’H shall not be specified because of the reserved code for the system use

0003’'H Device version ‘ 4 octets ‘ Unsigend32 ‘ Required

Description: version information of the device

0004’'H Version of Device Information file ‘ 4 octets ‘ Unsigend32 ‘ Required

Description: version of the Mechatronic Device Information (MDI) file provided by-the device vendqgr

Bit number bit7z | bit6 | bits5 [ bit4 [ bit3 | bit2 I bit1 [ bitd

_ Version Additional code

information

Bit number | bit15 | bit14 | bit13 | bit12 bitt ™, [ bit10 [ bit9 | bit8
Version . . . .

. . Major version Minor version

information

Major version: Sequential number updated wheh-/substantial changes have been made to the
MDI file due to improvement and/or modificatioh of function;

Minor version: Sequential number updated.when changes have been made to the MDI file due|to
addition and/or modification of a function*in a small scale;

Additional code: not a kind of version but a vendor specific code number for a history of the MDI

file;
bit16 Reeisgtved(0).
0005’H Number of Extended addresses ‘ 4 octets ‘ Unsigend32 ‘ Required

Description: number of.the extended address to be needed or a number of logical slave APs in a
physical slave device

The extended address can be used to allow a station address to have more than one slave APs.

0006'H | Serial numb&rof product ‘ 32 octets ‘ IA5String (Delimiter *00'H) ‘ Optional

Description:serial number that specify the individual product

0010'H Supported Device Profile 1 (Primary) ‘ 4 octets | Unsigend32 ‘ Required

Bescription: code of the primary device profile implemented in the device

For a device that can accept more than one profile, additional codes can be retrieved from the
secondary one (‘0012’H) and the third one (‘0014’H). In that case, the priority for the profiles will b
as shown below:

w

Device Profile 1 (primary) (this ID_CODE);
Device Profile 2 (secondary) (‘0012’H);

Device Profile 3 (tertiary) (‘0014’H).

‘0011'H Supported Profile version 1 (primary) | 4 octets Unsigend32 Required
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ID CODE Contents ‘ Data size ‘ Data type ‘ provision
Description: version of the primary device profile
For a device that can accept more than one profile, additional versions can be retrieved from the
secondary one (‘0013’H) and the third one (‘0015’H).
Bit number bit7 | bit6 | bits | bit4 [ bit3 | bit2 | bit1 [ bitd
Version Mi .
. . inor version
information
Bit number | bit15 [ bit14 | bit13 | bit12 [ bit11 | bit1o | bit9 | bit8
Version . .
. . Major version
information
Major version: sequential number updated when substantial changes have been\made to the
profile specification
Minor version: sequential number updated when changes in a small scale‘have been made[to
the profile specification

0012'H Supported Device profile 2 4 octets Unsigend32 Requireq

(secondary)
Description: code of the secondary device profile implemented in the device
If the device can accept only the primary one, the code shall be(Set to ‘00FF’H (unsupported code)

0013'H Supported Profile version 2 4 octets Unsigend32 Required

(secondary)
Description: version of the secondary device profile
When the device does not handle the device prdfile*2, the code shall be set to ‘0000’H.

0014’H Supported Device profile 3 (tertiary) | 4 octets ‘ Unsigend32 ‘ Requireg
Description: code of the tertiary device profile implemented in the device
If the device cannot accept the tertiary‘one, the code shall be set to ‘00FF’H (unsupported code).

0015'H Supported Profile version 3 (tertiaky) | 4 octets ‘ Unsigend32 ‘ Requireq
Description: version of the tertiary device profile
When the device does not handle the device profile 3, the code shall be set to ‘0000’H.

0016'H Minimum transmission'cycle | 4 octets ‘ Unsigend32 ‘ Requireg
Description: the(minimum value of the selectable transmission cycle by the unit 0,01 ps for the
device under the condition of the granularity level (‘0018H’)

Example
Setting value: 3 125 (decimal) means the minimum transmission cycle: 31,25 ms.

0017'H Maximum transmission cycle 4 octets Unsigend32 Requireg
Description: the maximum value of the selectable transmission cycle by the unit 0,01 us for the
device under the condition of the granularity level (‘0018H’)

Example
Setiing value: 800 000 (decimal) means the maximum transmission cycle: 8 ms

‘0018’H Granularity level of transmission cycle | 4 octets Unsigend32 Required
Description: the combination of the step width of the selectable transmission cycle for the device
There are four levels as shown in the followings.

‘0000’H: 31,25/ 62,5/ 125/ 250/ 500 [us], and 2 ms to 64 ms by 2 ms
‘0001’H: 31,25/ 62,5/ 125/ 250/ 500 [us], and 1 ms to 64 ms by 1 ms
‘0002'H: 31,25/ 62,5/ 125/ 250/ 500 [ps], and 1 ms to 64 ms by 0,5 ms
‘0003’'H: 31,25/ 62,5/ 125/ 250/ 500/ 750 [us], and 1 ms to 64 ms by 0,5 ms
‘0019’H Minimum communication cycle 4 octets Unsigend32 Required
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ID CODE Contents Data size Data type provision
Description: the minimum value of the selectable communication cycle by the unit 0,01 ps for the
device under the condition of the granularity level (‘0018H’)

Example
Setting value: 3 125 (decimal) means the minimum communication cycle: 31,25 ms.

‘001A’H Maximum communication cycle 4 octets Unsigend32 Required
Description: the maximum value of the selectable communication cycle by the unit 0,01 us for the
device under the condition of the granularity level (‘0018H’)

Example
Setting value: 800 000 (decimal) means the maximum communication cycle: 8 ms.

001B’H Number of transmittable octets 4 octets BitArray Requireg
Description: supported octet size of the _FDCServicePDU for the device
Each selectable size option is mapped to a bit as follows (supported: 1, not-supported: 0).

bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
Reserved | Reserved | Reserved | 64 octets | 48 octets | 32 octets,.|r 16 octets 8 octets
Bit8 ~bi31: reserved (0).

001C’H Number of transmitted octets (current | 4 octets BitArray Required

setting)
Description: selected octet size of the _FDCServicePDU under the condition of the number of
transmittable octets (‘001B’H)
Each selectable size option is mapped to a bit asfollows (selected: 1, not-selected: 0).
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
Reserved | Reserved | Reserved | 64-0ctets | 48 octets | 32 octets | 16 octets 8 octets
bit8 ~biBB1: reserved (0).

0020'H Supported Communication mode List | 4 octets BitArray Requireg
Description: the list of the-supported transmission mode and messages communication mode for the
device
Each communication. mode is assigned to a bit as follows (supported: 1, not-supported: 0).

bit3 bit2 bit1 bit0
Ethernet Message Cyclic Event-driven
communication communication communication communication
bit4 FHbireserved(0)

0021'H _(["MAC address ‘ 8 octets | Unsigend64 ‘ Optional
Description: ethernet MAC address for the device
The valid value should be only set to the products that support Ethernet communication.

‘0030’H Supported main command list | 32 octets | BitArray | Required
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ID CODE Contents Data size Data type provision
Description: the list of supported main commands for the device
Each command code is assigned to a corresponding bit position as shown in the following tables.
Command codes of bit32 to bit255 are dependent on the selected device profile.
Each bit shows
0 : not-supported command, and
1: supported command.
bit/ bitb bitd bit4 bits bit2 bit1 bit0
Res(‘f)r)"ed ALM_CL | ALM_RD | CONFIG | ID_RD | PRM_WR | PRM_RD | NOR
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
DISCON | CONNEC SYNC Reserved | Reserved | Reserved | Reserved | Reserved
NECT T _SET (0) (0) (0) (0) (0)
Bit16 to bit23: reserved (0).
Bit31 bit30 bit29 bit28 bit27 bit26 bit25 bit24
Reserved | MEM_W MEM RD PPRM_W | PPRM_R | Reserved | Reserved | Reserved
(0) R - R D (0) (0) (0)
Bit32 to bit255: dependent on the device profile.
0038'H Supported sub command list 32 octets BitArray Required
Description: the list of supported subcommands for(the device
Each command code is assigned to a corresponding bit position as shown in the following tables.
Command codes of bit32 to bit255 are dependent on the selected device profile.
Each bit shows
0 : not-supported command, and
1: supported command.
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Reserved | Reserved Reserved | Reserved
ALM_RD PRM_WR | PRM_RD NOP
(0) (Q) - (0) (0) - -
Bit8 ~kd@bved (0).
bit31 bit30 bit29 bit28 bit27 bit26 bit25 bit24
Reserved | Reserved | Reserved PPRM PPRM Reserved | Reserved | Reserved
©) (0) (0) _WR _RD (0) (0) (0)
Bit32 — bit255: dependent on the device profile.
0040'H Supported Common parameter list 32 octets BitArray Required
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Description: the list of supported common parameters for the device
Each parameter code is assigned to a corresponding bit position as shown in the following tables.
The means of common parameter codes is dependent on the device profile.
Each bit shows
0 : not-supported parameter code, and
1: supported parameter code.
bit/ bitb bitd bit4 bits bit2 bit1 bit0
‘07'H ‘06'H ‘05'H ‘04’'H ‘03'H ‘02’'H ‘01°'H ‘00'H
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
‘OF’H ‘0OE’H ‘0D’H ‘0 ®© ‘0 Bl ‘0 A ‘09’'H ‘08’'H
(Bit16 to bit239 are omitted.)
bit247 bit246 bit245 bit244 bit243 bit242 bit241 bit240
‘F7’H ‘F6’'H ‘F5'H ‘F4’H ‘F3’H ‘F2’'H ‘F1’H ‘FO’H
bit255 bit254 bit253 bit252 bit251 bit250 bit249 bit248
‘FF'H ‘FE’'H ‘FD’'H ‘FC'H ‘FB'H ‘FA'H ‘FO’'H ‘F8'H
0080’'H Name of Main device 32 octets IA5String (Delimiter "00") Optional
Description: name of the device with readable characters
It means the delegate name of the main device whén a physical device contains plural logical APs|or
subdevices.
NOTE A user should not use this data but\the device code (ID CODE: ‘0002’H) to identify the
device type or model.
0090H | Name of subdevice 1 /32 octets | 1A5String (Delimiter '00'H) | Optional
Description: name of the first subdevice with readable characters
The subdevice is specified inthe product specification.
0098H Version of subdevice 1 ‘ 4 octets ‘ Unsigend32 ‘ Optional
Description: version infermation of the first subdevice in the device
00AOH | Name of sub device 2 | 32 octets | 1A5String (Delimiter '00'H) | Optional
Description:sname of the second subdevice with readable characters
The subdevice is specified in the product specification.
00A8H Version-of subdevice 2 ‘ 4 octets ‘ Unsigend32 ‘ Optional
Description: version information of the second subdevice in the device
00BOH -/ Name of sub device 3 ‘320dem ‘IASSUmg(DeHnneWOUH) ‘Opﬁonm
Description: name of the third subdevice with readable characters
The subdevice is specified in the product specification.
00B8H Version of subdevice 3 4 octets Unsigend32 Optional
Description: version information of the third subdevice in the device
00BCH Reserved
00BFH
00COH Vendor-specific area

00FFH
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Annex C
(informative)

Basic message function

The framework of the message PDUs are described in 4.2.3 (also see below). But, more
details of message PDU syntax should be defined by the FAL user in case of the Type 24 FAL.

MSGREQ-PDU SEQUENCE { responder Unsigned8 (‘00’'H.."FE’H),
funcCode BIT STRING SIZE (7),

reserve1l BIT STRING SIZE (1),

extAddress Unsigned8,

reserve2 OCTET STRING (‘00'H),

requestData OCTET STRING SIZE (4..4092)}
SEQUENCE { responder Unsigned8 (‘00’'H.."FE’H),

funcCode BIT STRING SIZE (7),

errorFlag BIT STRING SIZE (1),

MSGRSP-PDU

extAddress Unsigned8,
reserve OCTET STRING (‘00’'H),
responseData OCTET.STRING SIZE (4..4092)}

In|this annex, an example command set for function~-code:0x42 is shown in Table C.1.

Table C.1 — Example of:message command set

Flunction Command Command description
code Code
Oxp2 0x01 To read data-from a single memory block
0x02 To write)data to a single memory block
0x03 To-read data from multiple memory blocks
0x04 Jfo write data to multiple memory blocks
0x06 To write data to memory with bit mask pattern
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

RESEAUX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DES BUS DE TERRAIN -

Partie 6-24: Speécification du protocole de la couche application -
Eléments de type 24

AVANT-PROPOS

La Commission Electrotechnique Internationale (CEIl) est une organisation mondiale de nhermalisati
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEIl). La CE
pour objet de favoriser la coopération internationale pour toutes les questions de normalisation dans

domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autres activités —<publie des Norm
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles

public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CEI"). Leur élaboration est confiée a d
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet_traité peut participer. U
organisations internationales, gouvernementales et non gouvernementales, en liaison avec la CEl, participg
également aux travaux. La CEI collabore étroitement avec I'Organisation Internationale de Normalisation (IS
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de la CEl concernant les questions techniques représentent, dans la mesy
du possible, un accord international sur les sujets étudiés, étant donné’ que les Comités nationaux de la (
intéressés sont représentés dans chaque comité d’études.

Les Publications de la CEIl se présentent sous la forme de recommandations internationales et sont agréé¢
comme telles par les Comités nationaux de la CEI. Tous les{efforts raisonnables sont entrepris afin que la g
s'assure de I'exactitude du contenu technique de ses publications; la CEl ne peut pas étre tenue responsa
de I'éventuelle mauvaise utilisation ou interprétation qui€n €st faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les»Comités nationaux de la CEl s'engagent, dans toute
mesure possible, a appliquer de fagon transparente les Publications de la CEl dans leurs publicatio
nationales et régionales. Toutes divergences @ntre toutes Publications de la CEIl et toutes publicatig
nationales ou régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

La CEIl elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépenda
fournissent des services d'évaluation dé&_conformité et, dans certains secteurs, accédent aux marques
conformité de la CEI. La CEIl n'est~responsable d'aucun des services effectués par les organismes
certification indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité nesdoit étre imputée a la CEIl, a ses administrateurs, employés, auxiliaires

mandataires, y compris ses”experts particuliers et les membres de ses comités d'études et des Comif
nationaux de la CEIl, peur-tout préjudice causé en cas de dommages corporels et matériels, ou de tout au
dommage de quelquetnature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les fr
de justice) et les_dépenses découlant de la publication ou de I'utilisation de cette Publication de la CEIl ou
toute autre Publication de la CEI, ou au crédit qui lui est accordé.

L'attention eSt-attirée sur les références normatives citées dans cette publication. L'utilisation de publicatio
référencégs/est obligatoire pour une application correcte de la présente publication.

L’attention“est attirée sur le fait que certains des éléments de la présente Publication de la CEIl peuvent fa
I'objet de droits de brevet. La CEl ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dro
de brevets et de ne pas avoir signalé leur existence.
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L'attention est attirée sur le fait que l'utilisation du type de protocole associé est restreinte par
les détenteurs des droits de propriété intellectuelle. En tout état de cause, I'engagement de
renonciation partielle aux droits de propriété intellectuelle pris par les détenteurs de ces droits
autorise l'utilisation d'un type de protocole de couche avec les autres protocoles de couche
du méme type, ou dans des combinaisons avec d'autres types autorisées explicitement par
les détenteurs des droits de propriété intellectuelle pour ce type.

NOTE Les combinaisons de types de protocoles sont spécifiées dans la CElI 61784-1 et la CEIl 61784-2.

La Norme internationale CEIl 61158-6-24 a été établie par le sous-comité 65C: Réseaux
industriels, du comité d’études 65 de la CEIl: Mesure, commande et automation dans les
processus industriels.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote

65C/764/FDIS 65C/774/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a 'approbation de cette norme.

c heats cterédiode-set BirectivestSO/EEPartie2-

Une liste de toutes les parties de la série CElI 61158, publiées sous le titre général Résea
communication industriels — Spécifications des bus de terrain, peut étre consultée sur

de
si

Le

e Web de la CEl.

reconduite,

supprimée,

remplacée par une édition révisée, ou
amendée.

comité a décidé que le contenu de cette publication ne sera pas modifié¢ avant la date
stpbilité indiquée sur le site web de la CEIl sous "http://webstore.iec.ch” J/dans les donné
rejatives a la publication recherchée. A cette date, la publication sera
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e
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INTRODUCTION

La présente partie de la CEI 61158 fait partie d'une série élaborée pour faciliter
I'interconnexion des composants de systémes d'automatisation. Elle renvoie aux autres
normes de lI'ensemble défini par le modéle de référence de bus de terrain "a trois couches"
décrit dans la CEI 61158-1.

Le protocole d'application fournit le service d'application au moyen des services disponibles
au niveau de la couche Liaison de données ou de la couche immédiatement inférieure. Le
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mmunication, exprimées en termes de procédures qu'ont a suivre les entités
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bpplication (Application Entity, AE) homologues au moment de la communication *C
gles de communication visent a fournir une base saine pour le développement, dans dive
ts:
servir de guide pour les ingénieurs d'application et les concepteurs;
dans une optique d'utilisation lors de I'essai et de I'achat de matériel,;

dans le cadre d'un accord pour l'admission de systémes dan$ l'environnement
systémes ouverts;

en tant que précision apportée a la compréhension des communications prioritaires da
le modéle OSI.

présente Norme traite, en particulier, de la communicatioh et de l'interfonctionnement d
pteurs, effecteurs et autres appareils d'automatisation: Grace a l'utilisation conjointe de
esente Norme avec d'autres normes entrant dans<des modéles de référence OSl ou de b

mbinaison.

terrain, des systémes autrement incompatibles peuvent fonctionner dans toute
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RESEAUX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DES BUS DE TERRAIN -

Partie 6-24: Spécification du protocole de la couche application -
Eléments de type 24

1.

L4
pr
dq
d'
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Domaine d'application
I  Généralités

couche Application de bus de terrain (Fieldbus Application Layer, FAL) procure a
pgrammes de l'utilisateur un moyen d'accés a l'environnement de commupication des b

terrain. A cet égard, la FAL peut étre considérée comme une "fenétre lentre programm
bpplication correspondants”.

présente Norme donne les éléments communs visant a assurenr-les communications
bssagerie de base prioritaires et non prioritaires entre les pregrammes d’application d’
vironnement d’automatisation et un matériel spécifique au bus de terrain de Type 24.
rme "prioritaires" est utilisé pour indiquer la présence'd’'une fenétre temporelle, da
uelle une ou plusieurs actions spécifiées sont a rédliser selon un certain niveau
rtitude. La non-réalisation des actions spécifiées dans.la fenétre temporelle induit un risq
défaillance des applications qui demandent ces{actions, avec les risques afférents po|
quipement, les installations et éventuellement la‘vie humaine.

présente Norme définit de maniére abstraite les caractéristiques visibles en exter
fertes par la couche d’application de bus de terrain de Type 24 en termes

de syntaxe abstraite définissantiles unités de données du protocole de la couc
application transmises entre les @ntités d’application de communication,

de syntaxe de transfert définissant les unités de données du protocole de la couc
application transmises entre-les entités d’application de communication,

de diagrammes d'états;de contexte d'application définissant le comportement de servi
d'application observable entre les entités d'application en communication, et

de diagrammes«d'états de relations entre applications définissant le comportement
communication visible entre les entités d'application en communication.
présente Norme a pour objet de définir le protocole permettant de
définirla représentation filaire des primitives de service définies dans la CEl 61158-5-2
et

définir le comportement visible de I'extérieur associé a leur transfert.
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La

présente Norme spécifie le protocole de la couche d’application de bus de terrain de

Type 24, conformément au modéle de référence de base OSI (ISO/CEI 7498-1) et a la
structure de couche d’application OSI (ISO/CEI 9545).

1.2 Spécifications

L'objet principal de la présente Norme est de spécifier la syntaxe et le comportement du
protocole de la couche application qui achemine les services de couche application définis
dans la CEIl 61158-5-24.

Un objectif secondaire consiste a fournir des voies d'évolution a partir des protocoles de
communication industriels antérieurs. C’est ce dernier objectif qui donne lieu a la diversité
des protocoles normalisés de la CEl 61158-6.
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1.3 Conformité

La présente Norme ne définit pas de mises en ceuvre ni de produits particuliers, pas plus
gu'elle ne limite les mises en ceuvre des entités de couche Application dans les systémes
d'automatisation industriels.

La conformité est assurée par la mise en ceuvre de la présente spécification du protocole de
la couche application.

Lgs documents suivants sont cités en référence de maniére normative, en intégralité-ou ¢
pdrtie, dans le présent document et sont indispensables pour son application:\Pour les
références datées, seule I'édition citée s’applique. Pour les références non. datées, |l
dgrniére édition du document de référence s’applique (y compris les éventuels@mendements).

NQTE Toutes les parties de la série CEl 61158, ainsi que la CElI 61784-1 et la CEl 61784-2 font I'objet d'une
maintenance simultanée. Les références croisées a ces documents dans le texte se rapportent par conséquent gux
édjtions datées dans la présente liste de références normatives.

CEl 61158-5-24:2014, Réseaux de communication industriels = Spécifications des bus ¢e
terrain — Partie 5-24 : Définition des services de la couche application — Eléments de type 24

CEIl 61158-6 (toutes les parties), Réseaux de communication industriels — Spécifications dgs
bys de terrain — Partie 6: Spécification du protocole de la‘couche application

IS|O/IEC 646, Information technology — ISO &+bit coded character set for informatipn
inferchange (disponible en anglais seulement)

IS|O/CEI 7498-1, Technologies de l'information — Interconnexion de systemes ouverts (OSl)| -
Mpdéle de référence de base — Partie 1. ke modéle de base

IS|O/CEI 9545, Technologies de ['information — Interconnexion de systémes ouverts (OSI)| -
Structure de la couche Application

IS|O/CEI 9899, Information technology — Programming languages — C

IS|O/CEI 10731, Tethnologies de l'information — Interconnexion de systémes ouverts|—
Mpdele de référence’de base — Conventions pour la définition des services OS/

IS|O/IEC 19501:2005, Information technology — Open Distributed Processing — Unified
Mpdeling Language (UML) Version 1.4.2 (disponible en anglais seulement)

ISIOUEC/IEEE 60559:2011, Information technology — Microprocessor Systems — Floating-

Paint arithmetic (dicpnnihlp en anglaiq qplllpmpnt)

3 Termes, définitions, abréviations, symboles et conventions

Pour les besoins du présent document, les termes, définitions, symboles, abréviations et
conventions suivants s'appliquent.

3.1 Termes et définitions référencés

Pour les besoins du présent document, les termes, définitions, symboles, abréviations et
conventions suivants s'appliquent.
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3.1.1 Termes et définitions de I'ISO/CEI 7498-1

Pour les besoins du présent document, les termes suivants définis dans I'|ISO/CEI 7498-1
s’appliquent:

D

syntaxe abstraite;

(=}

entité d'application;

Q O

unité de données de protocole d'application;

)
)
) processus d'application;
)
)

]

invocation de processus d'application;
f)| fonctionnalité (N);

g)| fonction (N);

h)| entités (N) correspondantes;

i)| contexte de présentation;

)| systeme réel,;

k)] syntaxe de transfert.
3.1.2 Termes et définitions de I'ISO/CEI 9545

Pour les besoins du présent document, les termes suivdnts définis dans I'ISO/CEI 9545

s’appliquent:

a)l association d'applications;

b)] contexte d'application;

c)| invocation d'entités d'application;
d)] type d'entité d'application;

e)l élément de service d'application.

3.1.3 Termes et définitions de 1'ISO/CEI 8824-1

T
—_

Pour les besoins du présent document, les termes suivants définis dans I'I|SO/CEI 8824
s’appliquent:

a)l type simple;

b)] composant;

c)| type de compasant;

d) type entier;

e) type bitstring;

f)| type.Octetstring;

g)l <type null;
h) type séquence;

i) séquence de types;
j) type de choix;

k) type IA5String;

) codage.

3.1.4 Termes et définitions de I'ISO/CEI 10731

Pour les besoins du présent document, les termes suivants définis dans I'ISO/CEI 10731
s’appliquent:

a) primitive de service OSI; primitive;
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b) fournisseur de service OSlI; fournisseur;
c) utilisateur de service OSI; utilisateur;

3.1.5 Termes et définitions de I'lSO/CEI 19501

Pour les besoins du présent document, les termes suivants définis dans I'I|SO/CEI 19501
s’appliquent:

a) événement;
b) _état;

diagramme d’états;

)
d)] sous-état;
) sous-machine;

f)| transition.
.2 Termes et définitions complémentaires

3
Pour les besoins du présent document, les termes et définitions suivants’s'appliquent.

3.R1

alprme
étpt de I'appareil de terrain signalant qu'il a détecté un probléme grave a résoudre et qu'il ne
pgut pas continuer a fonctionner normalement, par I'intermédiaire du service FDC (commande
d'appareil de terrain) du bus de terrain de Type 24

Ndte 1 a I'article: Les états d'alarme sont verrouillés et il faut)es’utiliser pour étre libérés.

Nqgte 2 & l'article: Les alarmes sont classées en trois.gfeupes: alarmes de communication, alarmes associéeq a
ung commande illégale et alarmes spécifiques a I'application. Toutefois, les définitions concrétes dépendent de|la
mige en ceuvre de chaque appareil de terrain.

3.R.2

objet de processus d’application
représentation réseau d'un aspect particulier d'un processus d'application (AP), modélis¢e
squs la forme d'un objet accessible sur le réseau présent dans un AP ou un autre APO

Ndte 1 a l'article: Voir 9.3.4 de la"CEI 61158-1.

3..3

cgntexte de procéssus d'application
cgntexte AP

cgnnaissancespartagée ou ensemble de régles communes régissant la communication des
entités d'application FAL (AE) et décrivant le comportement de communication collegtif
admissible-entre les entités d'application faisant partie intégrante d'un ensemble de relatiops
erjtre applications (AR)

Note—tatarticter—tes—donmeéesd'urm contexte—AP—peuvent—¢€tre preatabtement —specifiees par tutitisateur;par
I'option sélectionnée lors de I'utilisation du service FSM (gestion de bus de terrain) pour lire les fonctionnalités d'un
AP homologue, par la fonction de négociation automatique que le systéme FSM geére, et ainsi de suite. La méthode
a adopter dépend de la spécification de chaque mise en ceuvre.

3.24

type de processus d'application

type AP

description d'une classification des processus d'application (AP) en termes d'ensemble de
capacités de la FAL du bus de terrain de Type 24

Note 1 a I'article: Les types AP sont classés en trois catégories: AP du maitre C1, AP du maitre C2 et AP de
I'esclave, en fonction de leurs rdles d'application dans le réseau de bus de terrain.
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3.2.5

commande asynchrone

type d'unité de données de protocole d'application (APDU) du service FDC de la FAL de
Type 24, qui peut étre émis a tout moment a l'issue de la transaction précédente sans tenir
compte de la synchronisation avec le cycle de communication

Note 1 a Il'article: Les définitions indiquant s’il convient qu’'une commande soit de nature asynchrone ou
synchrone dépendent d'une application. Elles peuvent étre fournies en tant qu'ensemble enregistré de commandes
et de réponses ou en tant que profils d'appareil. Voir 4.4 et I'Annexe A.

3.26

coammunication asynchrone
étpt ou moyen de communication du service FDC de la FAL de Type 24, dans lequelhune
cdgmmande peut étre émise a tout moment a l'issue de la transaction précédente sans tenir
cdmte de la synchronisation avec le cycle de communication

Ndte 1 a l'article: Dans cet état, les commandes synchrones ne peuvent pas étre émisgs;’a l'inverse des
commandes asynchrones.

3.R.7
attribut
information ou paramétre présent dans les parties variables d'un objet

Ndte 1 a l'article: En regle générale, ils donnent des informations d’état ou”gouvernent le fonctionnement d’jun
objet. Les attributs peuvent également avoir un impact sur le comportemént-d’un objet.

3.R.8

mpitre C1
type d'AP doté des fonctionnalités de maitre pour. le service FDC de la FAL de Type 24 ¢u
appareil qui met en ceuvre ce type d'AP

Ndte 1 a I'article: Un réseau du bus de terrain de Type 24 ne peut contenir qu'un seul maitre C1.

3.R.9

mpitre C2

type d'AP doté uniquement des fonctionnalités de surveillance pour le service FDC, mais d
fonctionnalités du demandeur pour le service de messagerie (MSG) de la FAL de Type 24 ¢u
appareil qui met en ceuvre cenype d'AP

D
(2]

Ndte 1 a I'article: Moins de deux maitres C2 peuvent exister dans un réseau du bus de terrain de Type 24.

3.R.10

cgmmande
PDU émise parun demandeur ou un maitre pour qu'un destinataire ou un esclave exécute
cgrtaines fonctions

3.R.11

communication

transfert

transmission

— communication: processus d'échange formel d'informations entre au moins deux appareils,
utilisateurs, AP ou entités

— transfert: processus d'acheminement d'une PDU d'un émetteur vers un destinataire

— transmission, processus d'envoi et de propagation de signaux électriques ou de données
codées

3.2.12

cycle de communication

période d'activités répétitives synchronisées avec le cycle de transmission pendant
I'établissement de la connexion pour le protocole FDC de la FAL de Type 24
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Note 1 a l'article: Le cycle de communication peut étre synchronisé avec le cycle de transmission multiplié par
facteur d'échelle spécifié.

3.213

connexion
contexte ou liaison logique dans des conditions particuliéres pour le protocole FDC entre un
objet maitre et un objet esclave de la FAL de Type 24

3.2.14
cyclique

c
m
é

tr

Ng

3.
(o
Cq

primaire ou d'un cycle de transmission

3.7

ID d'appareil

pdrtie des "Informations relatives a I'appareil” permettant d'identifier I'appareil pour un type
prpduit particulier du bus de terrain de Type 24

3..18

informations relatives a I'appareil

informations mises en forme et intégrées a l'appareil visant a le caractériser. Il s'a

eq
Sq

3.

pr
er
ca

3.

transfert double

m
er
[efe

mmunication cyclique

de de transmission dans lequel les PDU de demande et les PDU de néponse so
hangées de maniére répétitive dans les intervalles de temps prévus avee un cycle
nsmission pour le protocole de couche inférieure du type 24

te 1 a l'article: Dans I'AL, le cycle de communication découle du cycle de transmissipn’ dans ce mode.
2.16
mpteur d'échelle de cycle

mpteur permettant de générer un cycle de communication par mise a I'échelle d'un cyqg

sentiellement des données d'identification du modele d'appareil et des paramétr
écifiques au profil de I'appareilpour le bus de terrain de Type 24

.19

ofil de I'appareil

semble d'informations: et de fonctionnalités communes au modéle d'appareil assurant
hérence entre les~différents modéles d'appareil de méme type

2.20

bde de. 'transfert pour le protocole FDC de la FAL de Type 24, dans lequel un émette]
voie~deux fois la méme PDU par transaction, que le destinataire utilise pour détecter
rriger’ une erreur de communication (corruption de données ou perte de données, p

un

nt
e

le

e

it
bS

la

ur
et

e

emple) en mode de communication cyclique

3.2.21

communication déclenchée par les événements
mode de transmission du protocole de couche inférieure du bus de terrain de Type 24 dans
lequel une transaction commande-réponse-échange se déroule au fur et a mesure des
demandes de l'utilisateur

Note 1 a I'article: Le cycle de transmission et le cycle de communication ne surviennent pas dans ce mode.

3.2.22
erreur
condition anormale ou dysfonctionnement de la communication ou de toute autre activité
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3.2.23

commande d'appareil de terrain

service FDC

service de communication prioritaire permettant de gérer les données de commande de
longueur fixe afin de contrdler un appareil de bus de terrain et les données de réponse
correspondantes, avec une limitation rigoureuse quant au délai ou a la gigue pour la
temporisation de communication de la FAL de type 24

3.2.24

protocole d'appareil de terrain
prlotocole FDC

prptocole de communication prioritaire permettant de gérer les données de commande ge
longueur fixe afin de contréler un appareil de terrain et les données de (réponse
cqrrespondantes, avec une limitation rigoureuse quant au délai ou a la gigue

3.R.25
mpaitre
classe ou son objet d'instance de I'élément de service d'application (ASE),FDC faisant offigce
dgq demandeur de commande pour la FAL de Type 24

.26

rvice de message
rvice MSG

rvice de communication qui gére les données de longugur variable et n'impliquant pas de
imitation rigoureuse quant au temps de réponse

wnnw

3.R.27

mpniteur (ou surveillant)
classe ou son objet d'instance de I'ASE FDEC\jouant le rdle d'observateur ou d'abonné des
cdmmandes et réponses échangées entre d'autres noeuds de communication pour la FAL de
Type 24

3.R.28

egclave de surveillance (ou surveillant)
vdriante du type d'AP esclave doté d'une classe d'esclave et d'une classe de moniteur pour
I'ASE FDC de la FAL de Typeg;24

3.R.29

horloge réseau
cdmpteur synchronisé et fonctionnant de maniére périodique dont chaque nceud du réseau
eqt doté, et quirdevient une source d'oscillation du cycle de transmission

3.R.30

cycle primaire

période/ d'activités répétitives synchronisées avec le cycle de transmission avant
I'gtablissement de la connexion pour le protocole FDC de la FAL de Type 24 61

3.2.31

machine protocolaire

diagramme d'états qui réalise un protocole comme la fonction principale de l'entité dans
chaque couche

3.2.32

demandeur

classe ou son objet d'instance de I'ASE MSG faisant office de demandeur ou d'émetteur de
commande pour la FAL de Type 24
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3.2.33

ré

pondeur

classe ou son objet d'instance de I'ASE MSG faisant office de répondeur ou de destinataire
de la commande pour la FAL de Type 24

3.2.34

ré

ponse

PDU émise par un répondeur ou un esclave afin de donner un résultat ou de signaler I'état de

la

commande regue a un demandeur ou un maitre

3Jz.35
sgrvice

of

3.

ération ou processus qu'un objet exécute a la demande d'un autre objet

.36

transfert simple

m
ér

3.
A

ty

bde de transfert normal pour le protocole FDC de la FAL de Type.24 dans lequel

netteur envoie une seule PDU par transaction

.37

P esclave

pe d'AP doté des fonctionnalités d'esclave pour le service. FDC de la FAL de Type 24

appareil qui met en ceuvre ce type d'AP

3.R.38

egclave

classe ou son objet d'instance de I'ASE FDC faisant office de répondeur pour la FAL

Ty

3.
cq
ty
SY

Ng

pe
d'g

Cd(
ét
Cd
Ng

Ng

pe 24

.39

mmande synchrone

pbe d'APDU de commande du service FDC de la FAL de Type 24, émis au temps
nchronisation avec chaque cycle.de communication

te 1 a l'article: Les définitions, ‘que la commande soit synchrone ou pas, dépendent d'une application. El
pvent étre fournies en tant dqu'ensemble enregistré de commandes et de réponses ou en tant que pro
ppareil. Voir 4.4 et I'Annexe(A;

.40

mmunication synchrone
bt ou moyen de_éommunication pour le service FDC de la FAL de Type 24, dans lequel u
mmande est.émise au temps de synchronisation avec chaque cycle de communication

te 1 a 'artiele: Dans cet état, les commandes synchrones et asynchrones peuvent étre émises.

te@-a-l'article: Dans cet état, une erreur de désynchronisation des AP doit étre détectée par les mesures

co

mpieur de chien de garde.

hn

e

es
ils

ne

du

3.2.41

cycle de transmission
période d'activités répétitives pour les couches inférieures du bus de terrain de Type 24, dont
tous les appareils esclaves sont synchronisés avec celles d'un appareil de mafitre C1 par le
protocole de couche inférieure

3.2.42

mode de transmission
état ou moyen de transmission pour le protocole de couche inférieure du bus de terrain de
Type 24; mode cyclique, mode événementiel
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3.2.43

espace mémoire virtuel

large bloc de données d'APO pour la FAL de Type 24 qui peut étre Ilu et écrit a I'aide de
pseudo adresses meémoires afin d'assurer la cohérence entre les différents modéles
d'appareil

Note 1 a l'article: L'espace mémoire virtuel contient les informations relatives a l'appareil et d'autres zones
spécifiques au fournisseur. Voir Annexe B.

3.2.44

avyertissement
étpt de l'appareil de terrain signalant qu'il a détecté un probléme mineur ou passager, mgis
qy'il fonctionne toujours normalement, par l'intermédiaire du service FDC (commande
d'appareil de terrain) du bus de terrain de Type 24

Ndte 1 a I'article: Les états d'avertissement sont verrouillés et il est nécessaire de les utiliser pour étre libérés.

Ndte 2 a I'article: Les avertissements sont classés en trois groupes: avertissements,kK de communicatign,
avertissements associés a une commande illégale et avertissements spécifiques a I'application. Toutefois, les
définitions concrétes dépendent d'une mise en ceuvre de chaque appareil de terrain.

3.p Abréviations et symboles

Pour les besoins du présent document, les abréviations et symholes suivants s'appliquent.

AH Application Entity (Entité d'application)

Al Application Layer (Couche d’application)

A-| AL- Application Layer (Couche d'application) (préfixe)

AUME Application Layer Management Entity (Entité~de gestion de couche d’application)
AH Application Process (Processus d'application)

ARDU Application Protocol Data Unit (Unité dexdonnées de protocole d’application)
ARI Application Process Invocation (Invoeation de processus d'application)

AHO Application Process Object (Objet\de processus d'application)

Application Process Context (Eontexte de processus d'application) (préfixe d'un protocole pour I¢
ARC bus de terrain de Type 24)

Application Process Context State Machine (Diagramme d'états du contexte de processus

ARC SM d'application) (pour le*bus de terrain de Type 24)

AR Application Relationship (Relation entre applications)

ASE AR Applicatiop Rglationship Application Service Element (Elément de service d'application de relatign
entre applications)

AREP Application\Relationship End Point (Point final de relation entre applications)
Application'Relationship Protocol Machine (Machine protocolaire de relation entre applications)

ARPM (pour-le-bus de terrain de Type 24)

ARPM for Field Device Control service Master (ARPM du Maitre de service de commande de
ARPM-FDCM _{'appareil de terrain) (pour le bus de terrain de Type 24)

ARPM for Field Device Control service Monitor (ARPM du Moniteur de service de commande de
ARPM-FDCMN I'appareil de terrain) (pour le bus de terrain de Type 24)

ARPM for Field Device Control service Slave (ARPM de I'esclave de service de commande de
ARPM-EDCS  I'appareil de terrain) (pour le bus de terrain de Type 24)

ARPM-MSG ARPM for Message service (ARPM du service de messagerie) (pour le bus de terrain de Type 24

~

ASCI| American ‘Standard Code for Information Interchange (Code normalisé ameéricain pour I'échange
d'informations)

ASDU Application Service Data Unit (Unité de données de service d’application)

ASE Application Service Element (Elément de service d’application)

ASN.1 Abstract Syntax Notation number One (Notation de syntaxe abstraite numéro un)

CMD PDU de commande du service FDC (pour le bus de terrain de Type 24)

Cnf confirm primitive (primitive de confirmation)

DL- Data Link- (de liaison de données) (préfixe)

DLL Data Link Layer (Couche liaison de données)

DLM Data Link-management (Gestion de liaison de données)

DLPDU Data Link Protocol Data Unit (Unité de données de protocole de liaison de données)

DLSAP Data link Service Access Point (Point d'accés au service liaison de données)

DLSDU Data-link Service data unit (Unité de données de service de liaison de données)
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DMPM Data Link Mapping Protocol Machine (Machine protocolaire de mapping de liaison de données)
Electrically erasable Programmable Read Only Memory (Mémoire morte effagable et
E2PROM . h
programmable électriquement)
FAL Fieldbus Application Layer (Couche Application de bus de terrain)
FCS Frame Check Sequence (Séquence de contrble de trame)
Field Device Control (Commande d'appareil de terrain) (préfixe d'un service ou d'un protocole
FDC- pour le bus de terrain de Type 24)
Field Device Control Application Service Element (Elément de service d'application de commande
FDC ASE d'appareil de terrain) (pour le bus de terrain de Type 24)
Field Device Control Protocol Machine (Machine protocolaire de commande d'appareil de terrain)
FDCPM (pour le bus de terrain de Type 24)
Field Device Control Protocol Machine for Master (Machine protocolaire de commande d apparel
FOQCPM-M de terrain pour le maitre) (pour le bus de terrain de Type 24)
Field Device Control Protocol Machine for Monitor (Machine protocolaire de commande d'appare
FOCPM-MN de terrain pour le moniteur) (pour le bus de terrain de Type 24)
Field Device Control Protocol Machine for Slave (Machine protocolaire de commande(d‘appareil fle
FOQCPM-S terrain pour l'esclave) (pour le bus de terrain de Type 24)
FIFO First In First Out (Premier entré, premier sorti)
FYPM FAL service protocol machine (Machine protocolaire de service FAL)
Fieldbus System Management (Gestion de systéme de bus de terrain) (préfixe d'un service pour|le
FYM- bus de terrain de Type 24)
Fieldbus System Management Application Service Element (Elément-de“service d'application de
FM ASE gestion de systeme de bus de terrain) pour le bus de terrain de Type'24
IHM Interface homme-machine
E/B Entrée/Sortie
ID Identifiant
In primitive d'indication
LME Layer Management Entity (Entité de gestion de couche)
Lsp least significant bit (bit de poids faible)
MAC Media Access Control (Contrdle d’acces audsupport)
Mgb most significant bit (bit de poids fort)
M$G Message (préfixe d'un service ou d'un protocole pour le bus de terrain de Type 24)
Message Application Service Element/(Elément de service d'application de message) pour le bu
M$G ASE de terrain de Type 24
Message Protocol Machine (Machine protocolaire de messagerie) pour le bus de terrain de
M$GPM Type 24
M$GPM-RQ MSGPM du demandeur pour le bus de terrain de Type 24
M$GPM-RS MSGPM du répondeur pour le bus de terrain de Type 24
(o1 ] Open Systems Intéreonnection (Interconnexion des systémes ouverts)
PN Protocol machine (Machine protocolaire)
PQU Protocol Data-Unit (Unité de données de protocole)
PHL Ph-layer(Couche Ph)
QqS Quality of Service (Qualité de service)
RAM Random Access Memory (Mémoire vive)
Rdq request primitive (primitive de demande)
Rgp response primitive (primitive de réponse)
RYP PDU de réponse du service FDC (pour le bus de terrain de Type 24)
SAP Service Access Point (Point d'acces au service)
SDN Send Data with no Acknowledge (Transmission de donnees sans acquittement)
SDbuU Service Data Unit (Unité de données de service)
SM State Machine (Diagramme d’états)
SMIB System Management Information Base (Base d'informations de gestion systéme)
UML Unified Modelling Language (Langage de modélisation unifié)

3.4 Conventions

3.4.1 Conventions générales

La couche Application de bus de terrain (FAL) se compose d'un ensemble d'éléments ASE
orientés objet. Chaque ASE est spécifié dans un paragraphe distinct. Chaque spécification
d'élément ASE est divisée en trois parties: ses définitions de classe, ses services et la
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spécification de ses protocoles. Les deux premiéres parties sont présentées dans la
CEIl 61158-5-24. La spécification de protocole de chaque ASE est définie dans la présente
Norme.

Les définitions de classe définissent les attributs des classes prises en charge par chaque
élément ASE. Dans la présente Norme, chaque attribut est supposé étre accessible
uniquement a partir de I'objet d'instance du propriétaire lui-méme, directement ou grace aux
services de la classe.

La-présente Norme emploie les conventions de description énoncées dans I'|SQ/CE] 10731

3.4.2 Conventions du type de données PDU

Lgs types de données des FAL PDU sont définis avec les notations d'ASN.1.

Lgs chaines de caractéres dont le premier caractére est "_" (trait de soulignement) font office
de symboles de type de données des FAL PDU ou de leurs champs. Une*méme chaine ¢e
type PDU mais sans le premier caractere " " indique une instance-de” PDU du type de
dgnnées correspondant.

Exemple: CMD-PDU indique une instance de _CMD-PDU et une instruction suivante est ignorée.
CMD-PDU _CMD-PDU ::= { value }

3.4.3 Conventions dans les diagrammes d’états

Lgs séquences de protocole sont décrites au moyen~de diagrammes d’états.

Dans les schémas d’état, les états sont représentés par des cases et les transitions d’état pfar
dgs fléches. Leurs conventions sont présentées dans I'ISO/CEI 19501 au format UNIL
(Universal Modeling Language).

Lgs noms d’états et de transitions dusschéma d'état correspondent aux noms indiqués dans|la
lidte des transitions d’état.

Cette liste de transitions d'état-est structurée comme indiqué au Tableau 1.
Lg premiére ligne contient le nom de la transition par un numéro d'index.
L9 deuxieme ligne definit I'état source ou I'état en cours avant la transition.

Lg troisiemelligne contient un événement et des actions. L'événement est suivi d'argumerts
fapultatifsientre parenthéses, "(" et ")", et de conditions de garde entre crochets, "[" et "|",
cdmme la premiere ligne. Et les actions commencgant par le caractére "/" suivent la ligne

d'événement.

La derniére ligne contient I'état cible ou I'état suivant aprés la transition.

Si I'événement se produit et que les conditions sont remplies, la transition se lance, c'est-a-
dire que les actions sont exécutées et il y a une entrée dans le prochain état.

Tableau 1 — Descriptions de transition d'état

- Etat Evénement (arguments) [conditions] Etat
source [Action cible
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Une signification de chaque élément du Tableau 1 est présentée au Tableau 2, selon la
définition de "transition" UML (ISO/CEI 19501).

Tableau 2 — Description des éléments de diagramme d'états

Elément de description Signification

Etat source

Noms de |'état d'origine et de I'état cible de la transition.

Etft cible
T#l Nom ou numéro de la transition.
Eviénement Nom ou description de I'événement déclencheur de la transition.

(alguments)

Valeur de parametre, expression ou séquence d'éléments séparés par ",“ pour
I'événement. La parenthese ouvrante "(" et la parenthése fermante ")"'he font pas
partie de la liste d'arguments.

[canditions] Expression booléenne, qui est vraie pour la transition a lancer.tLe €rochet ouvrant
("[") et le crochet fermant ("]") ne font pas partie de la condition]
/Agtion Liste des affectations et des appels de service ou de fonction. Il convient que

I'action soit atomique. La barre oblique "/" qui précéde ne)fait pas partie de I'action.

NQTE "(arguments)" et "[condition]" peuvent étre ignorés s'ils s'avérent inutiles,

Lgs conventions utilisées dans les diagrammes d'états sont présentées au Tableau 3.

Tableau 3 — Conventions utilisées danscles diagrammes d'états

Convention

Signification

/*-} description --*/

Décrit et explique les conditions et/Qu la procédure a I'aide d'une phrase normale placée eptre
"[*--" et "--*/" au lieu d'utiliser la Aetation de pseudo-code.

Exemple:

/*-- La PM examine une occurrence d'alarmes pour I'appareil distant correspondant.
-- Si une alarmeg est détectée, la PM le signale au FSM ASE.
-- Dans_le cas contraire, la PM transfere MSGService-PDU a la DLL.

By

La valeur d’'une entité de gauche est remplacée par celle d’une entité de droite. Si une ent|té
detdroite est un parametre, il provient de la primitive identifi€ée comme un événement d’enffée.

Axx Nom de paramétre si "a" est une lettre
Exemple:
Identifier = reason;
signifie que la valeur d'un paramétre 'reason’' est attribuée a un parameétre appelé
'Identifier.’
XXX Chaine visible fixe
Exemple:
Identifier = "abc";
signifie que la valeur "abc" est attribuée a un paramétre nommé 'ldentifier’
Nnn Si tous les éléments sont des chiffres, I'élément représente une constante numérique notée
en représentation décimale.
0xnn Si tous les éléments nn sont des chiffres, I'élément représente une constante numérique
notée en représentation hexadécimale.
== Condition logique indiquant qu’un élément de gauche est égal a un élément de droite.
< Condition logique indiquant qu’un élément de gauche est inférieur a un élément de droite.
> Condition logique indiquant qu’un élément de gauche est supérieur a un élément de droite.
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Convention

Signification

Condition logique indiquant qu’un élément de gauche n'est pas égal a un élément de droite.

&& "AND" (c'est-a-dire: ET) logique
[l "OR" (c'est-a-dire: OU) logique
! "NOT" (c'est-a-dire: PAS) logique
+ Opérateurs arithmétiques
/
Séparateur d'expressions
D'autres notations définies en langage C (ISO/CEI 9899) peuvent étre utilisées,pour décrire
les conditions et les actions.
4| Syntaxe abstraite
4.1 Types de données de base
Lgs types de données suivants peuvent étre utilisés dans la FAIOde Type 24.
a)l Types de base (types simples d'ASN.1):
i) INTEGER;
i) REAL;
i) BIT STRING;
iv) OCTET STRING;
v) NULL.
b)] Types de base spécifiques (sousstypes issus de I'ASN.1):
vi) Integer8 ::= INTEGER((;128..127);
vii) Integer16 ::= INTEGER (-32 768 .. 32 767);
viii)Integer32 ::= INTTEGER (-2 147 483 648 .. 2 147 483 647);
ix) Integer64 n= INTEGER ( (-1) X
‘8000 0000-0000 0000’'H.."7TFFF FFFF FFFF FFFF’'H);
x) Unsigned8 ::= INTEGER (0..’"FF’'H);
xi) Unsigned16 ::= INTEGER (0.."FFFF’H);
xiij\Unsigned32 ::= INTEGER (0.."FFFF FFFF’H);
xiii)Unsigned64 ::= INTEGER (0..”FFFF FFFF FFFF FFFF'H);
Xiv) Float32 ::= 0 | infinie négative | infinie positive
| REAL (WITH COMPONENTS { mantisse ((-1) X ¢35), base (2), exposant (¢35) } )
| REAL (WITH COMPONENTS { mantisse (c35), base (2), exposant (¢35) } )
avec,
23
c3p = REAL (1.. | Y — ) = REAL (1..(2-2"23)), et
— )
i=0
g3o := INTEGER (-127..127).
NOTE 1 La plage de valeurs réelles est comprise entre l'infinie négative et I'infinie positive. Mais la précision

représentable est conforme a binary32 ou la précision seule a I'|SO/CEI/IEEE 60559. Voir 5.2.2.

xv) Float64 ::= 0 | infinie négative | infinie positive
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| REAL (WITH COMPONENTS { mantisse ((—1)>< ces ), base (2), exposant (gg4) })
| REAL (WITH COMPONENTS { mantisse (cg4), base (2), exposant (gg4) } )

avec,
52 1
ceq = REAL (1. 27 ) = REAL (1.. (2-2-52)), et
i=0
deq = INTEGER (-1 023..1 023).

N(
re

Le
dl
dq

L6
dq
ds

4.
4.

[

_MSGServicePDW-

_f
re

TE 2 La prage de valeurs Teelies est Comprise entre r'mfinie negative et I'mfmie positive. Wals 1@ precrs
résentable est conforme a binary64 ou | la précision double a I’ ISO/CEI/IEEE 60559. Voir 5.2.2.

XVi) IA5String
Types de structure avec types de composant ASN.1:

type Structure est défini par une combinaison de types SEQUENCE, de dypes CHOIC
ASN.1, de types de base et d'éléments de sous-type définis dans I'ASN.4. La FAL PO
crite en 4.2 et 4.3 correspond au type Structure.

xvii)  SEQUENCE
xviii) CHOICE

Types de matrice avec un type de composant ASN.1:
s types de matrice sont une liste de types de données ‘définis avec le type SEQUENCE (

SSOus:

xix) SEQUENCE OF;

xx)  BitArray ::= SEQUENCE OF (BIERSTRING SIZE(8));
xxi) Array8 ::= SEQUENCE OF Integers;

xxii) Array16 ::= SEQUENCE QF Integer16;

xxiii) Array32 ::= SEQUENCE-OF Integer32;

xxiv) Array64 ::= SEQUENCE OF Integer64.

2  Types FAL PDU
R.1 Plans de types.-APDU: _APDU

type APDU~'\_APDU doit étre composé de deux groupes: _FDCServicePDU

DCServicePDU doit étre composé d'une paire de PDU. _CMD-PDU et _RSP-PDU so
spectivement utilisés pour les commandes FDC et ses réponses.

De Inluq _MQGSprvir‘pPDll doit étre (‘nmpnqé d'une paire de PDU _MSGRFO-PDH

I'ASN.1. Les types de matrice classiques sont présentés avec le type SEQUENCE OF ¢

_MSGRSP-PDU sont respectivement utilisés pour les demandes MSG et ses réponses.

_APDU ::= _FDCServicePDU
| _MSGServicePDU
_FDCServicePDU ;= _CMD-PDU -- FDC command PDU type
| _RSP-PDU -- FDC response PDU type
_MSGServicePDU = _MSGREQ-PDU -- MSG request PDU type
| _MSGRSP-PDU -- MSG response PDU type

La Figure 1 présente des définitions de type d'APDU par la structure arborescente.


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © |IEC 2014

- 142 -

Nnadv sadA

(39300
09 ‘v¥ ‘82 ‘¢t
Apognpd

‘)

(s39300
09 ‘v¥ ‘82 21 %)
Apognpd

[GILETY)
335 pwo

(s¥q 91)
410 pwa

Ppm

PM

puwod

pwo —

2dfy Nad pedueyU3 >>

(s39300 g|
Apognpd

NAd-pwoqy

[}

(s1991)
smeigqns

(39300 ¢1)

pwagnsJ

Ppm

(s1e300 ||
Apognpd

(suq91)
smeig

uLigje

puwioJ

(539390 G|
P 3Apognp

Nad-gdsy” <1 — —

NQd-2dSy <1 —
NAd-1dSH <) |

sop 9jusdsaloqie ainyonig — | ainbi4

(538300 Z6OY ~ ¥)
ejeqasuodsal

_HOO, 9AJesad

$S8.ppyIXe
epoQouny |
NAd-dSU-UYM WIW_ Japuodsa —_NAd-dSYOSW__ |

NAd-dSy-ay4 WIW~

NAd-dSH-4M W dd_

Nad-dSH-Q4 Wdd™

NAd-d$d-L03INNOOSIA”

NAd-dSy-10INNOD

NAd-dSH-138 ONAS™

NAd-dSH-4T0WIV"

(s19300 Z60¥ )
ejeqisanbau

Nad-dSH-QY W1V~

_HO0, zoAiesad

Ppm

(s¥9300 ||
Apognpd

(s1991)
smeig

uuee

(539390 1)

NAad-aWo-aY W1V~

>vom:vn [ITREVPETq NAad-dSy-DIANOD™ SS9JppyIXe
I e B R B B e NAd-dsy-ay ar epogouny |
NQd-pwoans NAd-edSU—dON,, Nad-dSH-aM Wad Jopuodsas 1 110d-DIUDSW || NAJPOINSSHSN
NQd-2dSH-dON" m_l NQd-dSH-Q Wad
pwogns NAd-1dSyY—dON NAd-dSy-dON
Ppm
Nad-edsy”
NAd-¢dSy_
(39300 ¥1) Nnad-1dsy NQd-dS¥N_——{ NAd-dsu-29KLONASY_
Apognpd
Nad-¢dsy_
Ew
pwo M NAd-1dsy” NAd-dSHM_ NAd-dSY-29ALONAS™ NAad—dsy”
NAd-AWO-dM WIW~
(39300 G1) NAd-AWO-QY WaW_
x3Apognpd NAd-aWO-UM WHdd™
Nad-awo-ay Wedd
NAd-QWO-193INNOOSIa”
Ppm Nad-€QWY” 1< — —, NQGd-aWO-10INNOD_
Nad-zawo <1 — | NQd-aW0-135 ONAS
Nad-1awd <9, | NAd-aQWo-HT1O WY
|

Apognpd

puwioJ

pwo H

<< 3dAy NQd 8uo] >>

M

PpM

(s1e300 ||
Apognpd

(suq91)
smeig

uLige

(s39300 1)
Apognpd

NAad-AWO-DIINOD

Nad-awo-ay-ar

NAd-aQWo-4M Wdd™

NAad-AWO-aY Wid™

NAd-£aNO-ON"
NAdd-¢aWD-dON M|

NAdd-1aWO—dON_

NAad-AWO-dON_

NAd-eano_

Nad-zawo-

Nad-1ano"

Nad-¢ano”

puwioa

pwo

Nad-zawo_

m_innn_|czu:- =

L { Nad-awo—2dALONASY_

<< °dAy Nad Hous >>

Nad-1awo"

MI. NAd-aWON 1 Nad-awo-29K1ONAS

nad-and” —=4nad

poINIeSOQad

—{ nadv”


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

IEC 61158-6-24:2014 © IEC 2014 - 143 -

4.2.2 PDU pour le service de commande de l'appareil de terrain
4.2.2.1 Présentation

FDCServicePDU doit étre édité avec une SDU dans la primitive de service FDC et ét
envoyé par l'intermédiaire de I'AR. Un FDC ASE recoit la PDU de I'ASE homologue p
I'intermédiaire de I'AR.

re
ar

Le type de PDU de la commande FDC CMD PDU d0|t étre classé dans la commande de

ASYNCType CMD PDU Les deux types sont des forma
PDU identiques: _UCMD-PDU. Par conséquent, la FDC PM ne peut pas distinguer les PO
dg leurs types. Il convient que I'utilisateur du FDC ASE sache quelles command

PDU de commande asynchrone: _ASYNCType-CMD_PDU doit inclurey. UCMD-PDU

Un ensemble de commandes et de réponses, déduit de _UCMD-PDU et de _URSP-PL
presentés ci-aprés, peut étre défini pour une application particuliere (comman
d'entrainement moteur, servo-commande, etc.) par les utilisateurs FAL. Cet ensemble pe€
étre enregistré en tant que profil d'appareil (voir 4.4 et Annexe A). De plus, un utilisateur FA
pgut choisir les profils d'appareil pris en charge par unrappareil de terrain cible, lorsqu'u
cdnnexion est établie par le service FDC-Connect (voir 8.2.4.3 et 6.4.1.2.3.4 de

CEIl 61158-5-24).

dmD-PDU _SYNCType-CMD-PDY
| _ASYNCType-CMD;PDU
gYNCType-CMD-PDU _UCMD-PDU
SYNCType-CMD-PDU = _UCMD-PDU
_NOP-CMD-PDU
.PRM_RD-CMD-PDU
“PRM_WR-CMD-PDU
_ID_RD-CMD-PDU
_CONFIG-CMD-PDU
_ALM_RD-CMD-PDU
_ALM_CLR-CMD-PDU
_SYNC_SET-CMD-PDU
_CONNECT-CMD-PDU

_DISCONNECT-CMD-PDU

>

U
e
ut
AL
he
la

L DDOoA [y =]

PaX W=
_FPTINVI_\NDU=UNVIDU=TTUU

_PPRM_WR-CMD-PDU
_MEM_RD-CMD-PDU

_MEM_WR-CMD-PDU

_CMD1-PDU | _CMD2-PDU | _CMD3-PDU

_NOP-CMD1-PDU | _NOP-CMD2-PDU | _NOP-CMD3-PDU
_PRM_RD-CMD1-PDU | _PRM-RD-CMD2-PDU | _PRM_RD-CMD3-PDU
_PRM_WR-CMD1-PDU | _PRM_WR-CMD2-PDU | _PRM_WR-CMD3-PDU
_ID_RD-CMD1-PDU | _ID_RD-CMD2-PDU | _ID_RD-CMD3-PDU
_CONFIG-CMD1-PDU | _CONFIG-CMD2-PDU | _CONFIG-CMD3-PDU
_ALM_RD-CMD1-PDU | _ALM_RD-CMD2-PDU | _ALM_RD-CMD3-PDU

_UCMD-PDU
_NOP-CMD-PDU
_PRM_RD-CMD-PDU
_PRM_WR-CMD-PDU
_ID_RD-CMD-PDU
_CONFIG-CMD-PDU
_ALM_RD-CMD-PDU
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_ALM_CLR-CMD1-PDU | _ALM_CLR-CMD2-PDU | _ALM_CLR-CMD3-PDU
_SYNC_SET-CMD1-PDU
_SYNC_SET-CMD2-PDU
_SYNC_SET-CMD3-PDU
_CONNECT-CMD1-PDU
_CONNECT-CMD2-PDU
_CONNECT-CMD3-PDU
DISCONNECT-CMD1-PDU

Le
de
as
fo
Pl
af
di
le
ré

L4
qy
ég

R

>

PRM_RD-CMD-PDU
PRM_WR-CMD-PDU
EM_RD-CMD-PDU
EM_WR-CMD-PDU

SP-PDU

YNCType-RSP-PDU
SYNCType-RSP-PDU

_DISCONNECT-CMD2-PDU
_DISCONNECT-CMD3-PDU

_PPRM_RD-CMD1-PDU | _PPRM-RD-CMD2-PDU | _PPRM_RD-CMBD3“PDU
_PPRM_WR-CMD1-PDU | _PPRM_WR-CMD2-PDU | _PPRM_WR-CMD3-PDU
_MEM_RD-CMD3-PDU

_MEM_WR-CMD3-PDU

type de PDU de réponse FDC: _RSP_PDU doit également étre classé dans la comman
type sync (réponse de synchronisation): _SYNCType-RSP-RDU et commande de ty
ync (réponse asynchrone): ASYNCType-RSP-PDU. Les deux’types doivent étre déduits
fmats PDU identiques: _URSP-PDU. Par conséquent, la-EDC PM ne peut pas distinguer |
DU de leurs types. Il convient que l'utilisateur du¢ FDC ASE sache quelles répons
partiennent aux réponses synchrones ou celles quibne lui appartiennent pas, et puis
tinguer les types a I'aide du champ rcmd en tant-gde code clé dans I'en-téte PDU. De pl(
code de préfixe d'une PDU de réponse correspond a celui d'une PDU de commande, u
ponse devant étre échangée contre une commande.

type de PDU de réponse asynchrone: ~ASYNCType-RSP_PDU doit inclure _URSP-PDU
atorze autres types de PDU en tant Que réponses communes a une application, qui so
alement des variantes de _URSP-PDU.

_SYNEType-RSP-PDU
“ASYNCType-RSP-PDU
~URSP-PDU

:=_URSP-PDU

_NOP-RSP-PDU
PRM_RD-RSP-PDU
PRM_WR-RSP-PDU
_ID_RD-RSP-PDU
_CONFIG-RSP-PDU
_ALM_RD-RSP-PDU

e
he
e

D

Ur—p—\
"

[z

ne

et
nt

_u
_N

RSP-PDU
OP-RSP-PDU

—ALM_CLR-RSP-PDU
_SYNC_SET-RSP-PDU

_CONNECT-RSP-PDU

_DISCONNECT-RSP-PDU

_PPRM_RD-RSP-PDU

_PPRM_WR-RSP-PDU

_MEM_RD-RSP-PDU

_MEM_WR-RSP-PDU

_RSP1-PDU | _RSP2-PDU | _RSP3-PDU
_NOP-RSP1-PDU | _NOP-RSP2-PDU | _NOP-RSP3-PDU
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_PRM_RD-RSP-PDU
_PRM_WR-RSP-PDU
_ID_RD-RSP-PDU
_CONFIG-RSP-PDU
_ALM_RD-RSP-PDU
_ALM_CLR-RSP-PDU
_SYNC_SET-RSP-PDU

_PRM_RD-RSP1-PDU | _PRM-RD-RSP2-PDU | _PRM_RD-RSP3-PDU
_PRM_WR-RSP1-PDU | _PRM_WR-RSP2-PDU | _PRM_WR-RSP3-PDU
_ID_RD-RSP1-PDU | _ID_RD-RSP2-PDU | _ID_RD-RSP3-PDU
_CONFIG-RSP1-PDU | _CONFIG-RSP2-PDU | _CONFIG-RSP3-PDU
_ALM_RD-RSP1-PDU | _ALM_RD-RSP2-PDU | _ALM_RD-RSP3-PDU
_ALM_CLR-RSP1-PDU | _ALM_CLR-RSP2-PDU | ALM_CLR-RSP3-PDU
_SYNC_SET-RSP1-PDU

| SYNC_SET-RSP2-PDU

| _SYNC_SET-RSP3-PDU
_CONNECT-RSP1-PDU

| _CONNECT-RSP2-PDU

| CONNECT-RSP3-PDU

_DISCONNECT-RSP1-PDU

| _DISCONNECT-RSP2-PDU

| DISCONNECT-RSP3-PDU

_PPRM_RD-RSP1-PDU | _PPRM-RD-RSP2-PDU~~ PPRM_RD-RSP3-PDU
_PPRM_WR-RSP1-PDU | _PPRM_WR-RSP2-PDU | _PPRM_WR-RSP3-PDU
_MEM_RD-RSP3-PDU

_MEM_WR-RSP3-PDU

JONNECT-RSP-PDU

OISCONNECT-RSP-PDU

APRM_RD-RSP-PDU
APRM_WR-RSP-PDU
M
M

EM_RD-RSP-PDU
EM_WR-RSP-PDU

4.0.2.2 Composant commun de la PDU

4.p.2.21 PDU de commande FDC

_WCMD-PDU peut comporter trois types:-le’ type abrégé _CMD1-PDU, le type long _CMD}]2-
PDU et le type amélioré _CMD3-PDU, "“CMD1-PDU et _CMD2-PDU doivent comporter les
memes champs d'en-téte, mais celui de® CMD3-PDU doit étre amélioré.
L3 longueur pduBody de _CMB4:PDU doit étre de 14 octets lorsqu'il est codé. Il en est de
meme pour CMD2-PDU. Cette partie est appelée commande principale, et _CMD2-PDU doit
édgalement comporter un _autre champ pduBodyExt étendu, et peut superposer une PDU de
cgmmande supplémentaire’appelée sous-commande: _SUBCMD-PDU sur ce champ.
L3 longueur pduBody de _CMD3-PDU doit pouvoir étre sélectionnée entre 4, 12, 28, 44, |et
6(Q octets, mais elle peut ne pas étre commutée a la volée.
_dMD1-PDU ;= SEQUENCE({ -- short PDU type
cmd _CMDCode,
pduBody OCTET STRING SIZE (14),
wdt _WDT }
_CMD2-PDU ::= SEQUENCE({ -- long PDU type
maincmd-PDU COMPONENTS OF _CMD1-PDU, -- main-command
CHOICE { subcmd-PDU _SUBCMD-PDU, -- sub-command
pduBodyExt OCTET STRING SIZE (15) } }
_SUBCMD-PDU ::= _USUBCMD-PDU SEQUENCE{ -- sub command

PDU t
subcmd _SubCMD, Utype

pduBody OCTET STRING SIZE (14)}
| _NOP-SUBCMD-PDU
| _PRM_RD-SUBCMD-PDU
| _PRM_WR-SUBCMD-PDU
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| _ALM_RD-SUBCMD-PDU
| _PPRM_RD-SUBCMD-PDU
| _PPRM_WR-SUBCMD-PDU

_CMD3-PDU ::= SEQUENCE({ -- enhanced PDU
t
cmd _CMDCode, ype
wdt WDT,

cmd_ctrl _CMD_CTRL,
pduBody OCTET STRING SIZE (4]12]28|44|60) }

a)l champ cmd

cmd
cHamp de données contenant le code d'identification du contenu de chaque conimande

C¢ champ doit étre codé en _CMDCode, sous-type d’Unsigned8, avec la plage de valeurs ¢i-
dgssous. Les commandes communes prédéfinies sont présentées en tant que _PrimaryCMD
cifdessous.

— '00'H a "1F'H: utilisé ou réservé pour les commandes communes;
— '20'H a 'BF'H: réservé aux commandes spécifiques a ['application;
— 'CO'H a 'FF'H: réservé aux fournisseurs.

_dMDCode ::= Unsigned8

_BrimaryCMD ;= _CMDCode {
nop (‘00’H),
prm_rd (‘01’H), prm_wr (‘02’H),
id_rd (‘03’'H),

config (‘04%H),

alm_rd (05’H), alm_clr (‘06’H),
syne’_set (‘OD’H),

connect (‘OE’H),

disconnect (‘OF’H),

pprm_rd (‘“1B’H), pprm_wr (‘1C’H),
mem_rd (‘1D’H), mem_wr (‘“1E'H) }

b) | champ wdt

wdt
chlamp du compteur d'horloge de surveillance

champ doit étre utilisé pour permettre esclave de détecte activité non synchrone ou
I'erreur WDT du maitre correspondant. Le maitre doit compter le champ wdt des PDU d'envoi
a chaque cycle de communication en cas d'état de communication synchrone. De plus,
I'esclave doit examiner la valeur du champ des PDU destinataires a chaque cycle de

communication pour détecter I'erreur wdt.

Le type de données est _WDT. Il doit comporter deux sous-champs: mn et sn.

_WDT ::= SEQUENCE { mn BIT STRING SIZE (4),
sn BIT STRING SIZE (4)}

mn (valeur de comptage du maitre)
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La plage de valeurs doit é&tre comprise entre 0 et 15.

Le champ mn d'une CMD-PDU suivante a envoyer doit faire I'objet d'un comptage
progressif de un. Un maitre FDC doit procéder ainsi a chaque cycle de
communication. D'autre part, lorsqu'un esclave FDC recoit la PDU, il doit examiner le
compteur a chaque cycle. Si le compteur ne correspond pas a la derniére valeur mn
plus un, il doit alerter le compteur de I'horloge de surveillance de I'erreur.

sh (valeur de comptage de I'esclave)
La plage de valeurs doit étre comprise entre 0 et 15.

La méme valeur que le champ rsn de la derniére RSP-PDU regue doit étre attribuée
au champ sn d'une CMD-PDU suivante a envoyer. Un maitre FDC doit la~copier
depuis la derniére RSP-PDU a chaque cycle de communication.

c) | champ subcmd

subcmd
cHamp de données contenant le code d'identification du contenu de chaque|sous-commandg

Lg type de données est _SubCMD. En principe, la définition des codes des sous-commandes
dqit étre identique a celle du champ cmd principal, mais I'utilisation de certains codes peut
étre restreinte s'ils rencontrent des difficultés a traiter des commandes paralléles. Les sous-
cgmmandes communes prédéfinies sont présentées en tant que- PrimarySubCMD ci-dessoUs.

_SubCMD ;2= Unsigned8
_PArimarySubCMD 1= _SubCMD {
nop (‘00’H),
prm_rd (‘01’H), prm_wr('02’H),
alm_rd (‘05’'H),

pprm_rd (‘“1B:H)&~pprm_wr (‘1C’H) }
d)] champ cmd_ctrl

cmd_ctrl
erjsemble de bits de contréle indépendants de toute transaction de commande, entre |le
mpitre FDC et I'esclave FDC

Lg type de données est )>CMD_CTRL. Il doit comporter deux sous-champs significatifs:
alm_clr et cmd_id.

gMD_CTRL ::= SEQUENCE { reserve1 BIT STRING SIZE (3),
alm_clr BIT STRING SIZE (1),
reserve2 BIT STRING SIZE (2),
cmd_id BIT STRING SIZE (2),
reserve3 BIT STRING SIZE (8) }

alm_clr
Ce champ doit étre utilisé pour commander la libération de I'état
d'alarme/avertissement de I'appareil esclave.

valeur 0: ne rien exécuter

la valeur passe a 1: libérer I'état

cmd_id

Si I'appareil maitre adresse en permanence le contenu d'une CMD-PDU a l'esclave,
il peut étre utilisé pour permettre a I'appareil esclave de reconnaitre la commande
comme étant une commande différente.
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La plage de valeurs doit é&tre comprise entre 0 et 3.

Le maitre FDC peut utiliser cmd_id pour permettre a un esclave FDC de reconnaitre
qu'il s'agit d'une nouvelle commande lorsque le maitre envoie la méme commande a

I'esclave de maniére répétée.

Etant donné que l'esclave doit renvoyer I'écho du champ cmd_id de chaque
commande par l'intermédiaire du champ RSP-PDU.cmd_stat.rcmd_id présenté ci-
apres, le maitre peut également juger la commande pour laquelle la station esclave a

envoyé la réponse.

4

L
PI
ch

L3
Pl
Pl
ur
cd

L'utilisation du champ cmd_id n'est pas obligatoire pour le maitre.

poursuivre I'exécution de la commande qui a déja été acceptée.

.R.2.2.2 PDU de réponse FDC

amps d'en-téte communs, mais celui de _RSP3-PDU doit étreCamélioré.

Etant donné que RSP-PDU.cmd_stat.cmdRdy =0 dans les PDU de féponsg,
I'esclave doit ignorer les commandes dont le champ cmd_id est différent, pt

longueur pduBody de _RSP-PDU doit étre de 11 octets? Il en est de méme pour _RSPR-
DU. Il s'agit d'une réponse principale ou d'une réponse de la commande principale, RSPR-
DU devant également comporter un autre champ,pduBodyExt étendu et pouvoir superposier
e PDU de commande supplémentaire appelée/sous-réponse ou réponse d'une sous-

JRSP-PDU peut comporter trois types: le type abrégé RSP1-PDU, le type long _RSPR-
DU et le type amélioré _RSP3-PDU. _RSP1-PDU et _RSP2:PDU doivent comporter des

-- short PDU type

-- long PDU type
-- main responke

-- sub respons

[

w

mmande: _SUBRS-PDU sur ce champ.
longueur pduBody de _RSP3-PDU doit‘pouvoir étre sélectionnée entre 4, 12, 28, 44, |et
octets, mais elle peut ne pas étre commutée a la volée.
SP1-PDU ::= SEQUENEE{
rcmd _CMDCode,
alarm _ALARM,
status _STATUS,
pduBody OCTET STRING SIZE (11),
rwdt _RWDT}
SP2-PDU ::= SEQUENCE{
rsp1-PDU COMPONENTS OF _RSP1-PDU,
CHOICE { subrsp-PDU _SUBRS-PDU,
pduBodyExt OCTET STRING SIZE (15) } }
UBRSP-PDU ::= _USUBRSP-PDU SEQUENCE{

-- sub respons

rsubcmd _SubCMD,
subStatus _SUBSTATUS,
pduBody OCTET STRING SIZE (13)}
_NOP-SUBRSP-PDU
PRM_RD-SUBRSP-PDU
PRM_WR-SUBRSP-PDU
_ALM_RD-SUBRSP-PDU
_PPRM_RD-SUBRSP-PDU
_PPRM_WR-SUBRSP-PDU

_RSP3-PDU ::= SEQUENCE{

PDUtype

-- enhanced PDU
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remd _CMDCode, type
rwdt _RWDT,

cmd_stat _CMD_STAT,

pduBody OCTET STRING SIZE (4|12]|28]|44|60) }

a) champ rcmd

rcmd

Cc

Cechamp doit donc étre codé en CMDCode Voir4 22 2 1

b)] champ alarm

alparm
Cé champ doit contenir le code d'alarme.

Lg type de données est _ALARM. La plage de valeurs doit étre comprise entre 0 et 255’

Cc

S

Lg type de données est STATUS. Il doit comporter trois’ sous-champs significatifs, comn
dit.
STATUS ::= SEQUENCE { alarm  BIT STRING SIZE (1),

stftus
Cé champ doit indiquer I'état de I'appareil esclave.

hamp de données contenant le méme code qu'une commande regue et de traitement

ALARM ;2= Unsigned8
)| champ status

warning BIT STRING SIZE (1),
cmdRdy\\BIT STRING SIZE (1),
reserve’ BIT STRING SIZE (13) }

alarm
Ce champ binaire doit indiquer I'état d'alarme dans I'appareil esclave.
0: Pas d'alarme,
1: Des alarmes se sont produites.
warning
Ce champ binaire doit indiquer I'état d'avertissement dans I'appareil esclave.
0:_Pas d'avertissement,
1: Des avertissements se sont produits.

cmdRdy
Ce champ binaire doit indiquer I'état de progression de la commande ¢

e

I'esclave FDC.

L'appareil esclave doit conserver le bit cmdRdy 0O lors du traitement de la command
A l'issue du traitement, I'appareil esclave doit remplacer le bit O par le bit 1.

e.

Pour signaler I'exécution de la commande spécifique, le maitre FDC ne doit pas
uniquement examiner le bit, mais également certains autres champs RSP-PDU

contenant le champ CMD-PDU correspondant afin de faire la distinction avec
transaction précédente.

la

Si la durée de rétention de cmdRdy = 0 a expiré, le maitre doit générer une erreur de
temporisation de commande. La valeur du temporisateur dépend de chaque

spécification de produit pour les appareils esclaves.

Une modification de I'état de ce bit doit étre indépendante de I'état d'alarme ou
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d'avertissement.

0: occupé avec exécution de commande en cours
1: prét pour la nouvelle commande

d) champ rwdt

rwdt
champ du compteur d'horloge de surveillance

Ce champ doit étre utilisé pour permettre au mafitre de détecter I'activité non synchrone ou

rreur Wbl de I'esClave correspondant. L'esClave doIl compter et metire a jour le champ

rwdt des PDU d'envoi a chaque cycle de communication en cas d'état de communigation
syinchrone. De plus, le maitre doit examiner la valeur du champ des PDU destinataires|a
chlaque cycle de communication pour détecter I'erreur rwdt.
Lg type de données est RWDT. Il doit comporter deux sous-champs: rmn et rsn,
_RwbDT ::= SEQUENCE { rmn BIT STRING SIZE (4),
rsn BIT STRING SIZE (4)}
rmn (valeur de comptage du maitre)
La plage de valeurs doit é&tre comprise entre 0 et 15,
La méme valeur que le champ mn de la derniere"CMD-PDU recue doit étre attribuge
au champ rmn d'une RSP-PDU suivante a envoyer. Un esclave FDC doit la copier
depuis la CMD-PDU a chaque cycle de communication.
rsn (valeur de comptage de I'esclave)
La plage de valeurs doit étre comprise.entre 0 et 15.
Le champ rsn d'une RSP-PDU_suivante a envoyer doit faire I'objet d'un comptage
progressif de un. Un esclaver FDC doit procéder ainsi a chaque cycle de
communication. D'autre part; forsqu'un maitre FDC regoit la PDU, il doit examiner |e
compteur a chaque cycle.-Si le compteur ne correspond pas a la derniére valeur rgn
plus un, il doit alerter leCompteur de I'horloge de surveillance de I'erreur.
e)| rsubcmd
rsubcmd
cllamp de données contenant le méme code que la sous-commande regue et de traitement
C¢ champ doit étre' codé en _SubCMD. Voir 4.2.2.2.1.
f)| subStatls
sybStatus
Ce champ doit indiquer I'état de la station esclave dans la partie PDU de sous-réponse.

Le type de données est _SubSTATUS. Ce champ doit étre codé comme le champ status.

_SUBSTATUS = _STATUS
g) champ cmd_stat

cmd_stat
Ce champ doit indiquer I'état de I'appareil esclave.

Le type de données est CMD_STAT. Il doit comporter sept sous-champs, comme suit.

_CMD_STAT = SEQUENCE {d_alm  BIT STRING SIZE (1),

d_war BIT STRING SIZE (1),
cmdRdy BIT STRING SIZE (1),
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alm_clr_cmp BIT STRING SIZE (1),
reserve BIT STRING SIZE (2),
remd_id BIT STRING SIZE (2),
cmd_alm BIT STRING SIZE (4),
comm_alm BIT STRING SIZE (4) }

d_alm

i e e b , et < it g i

dans l'appareil esclave.

0: I'esclave n'est pas dans un état d'alarme spécifique a I'appareil;

1: I'esclave est dans un état d'alarme spécifique a l'appareil, sauf comm_alm
et cmd_alm.

La spécification de I'état d'alarme de I'appareil peut dépendre depla mise en ceuvre
du produit spécifiée, mais il convient de classer séparément un,facteur d'alarmes
d'un probléme de communication et de commande.

Aprés la reprise de l'esclave suite a I'état d'alarme, 'grédce a lI'exécution de |[a
commande ALM_CLR-CMD-PDU ou du bit cmd_ctrl.alm “cIr dans une CMD-PDU, ¢e
bit doit étre mis a 0 (d_alm = 0)

d_war
Ce champ binaire doit indiquer I'état d'occurfence de l'avertissement spécifique|a
I'appareil dans la station esclave.

0: I'esclave n'est pas dans un état'\d'alarme spécifique a l'appareil;

1: I'esclave est dans un état’d*alarme spécifique a l'appareil, sauf comm_alm
et cmd_alm.

La spécification de I'état d'alarme de I'appareil peut dépendre de la mise en ceuvfe
du produit spécifiée, mais-il’convient de ne pas classer un facteur d'alarmes parini
les problémes de communication et de commande.

Aprés la reprise de l'ésclave suite a I'état d'avertissement, grace a I'exécution de |[a
commande ALM_ELR-CMD-PDU ou du bit cmd_ctrl.alm_clr dans une CMD-PDU, ¢e
bit doit étre mis a_.0 (d_war = 0)

cmdRdy
Ce champ~ binaire doit indiquer I'état de progression de la commande de
I'esclave FDC.

Ce\bit a la méme signification que RSP1_PDU.status.cmdRdy.

0: occupé avec exécution de commande en cours;
1: prét pour la nouvelle commande.

alm_clr_cmp

Ce champ binaire doit indiquer I'état d'exécution du processus de libération d'alarme.
0: Libération d'alarme/avertissement non terminée;
1: Libération d'alarme/avertissement terminée.

rcmd_id
Ce champ doit étre un code clé permettant d'indiquer a quelle commande correspond la
PDU de réponse, en écho au cmd_id de la PDU de commande correspondante.

La plage de valeurs est comprise entre 0 et 3.
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cmd_alm
Ce champ doit notifier un code d'alarme en cas de commande anormale.

La signification de chaque code doit étre la suivante:

'00'H: Normal;

'01'H: Avertissement sur données en dehors de la plage;
'02'H a '07'H: réservé aux codes d'avertissement;

'08'H: Alarme sur absence de prise en charge;

'09'H: Alarme sur données en dehors de la plage;
'0A'H: Alarme sur condition d'exécution de commande anormale;
'0B'H: Alarme sur combinaison de sous-commande anormale;
'0OC'H: Alarme sur phase anormale;
'OD'H a '0F'H: réservé aux codes d'alarme;

comm_alm

Ce champ doit notifier un code d'alarme pour I'état d'erreur de commdinication.

La signification de chaque code doit étre la suivante:

'00'H: Normal,

'01'H: Avertissement sur FCS anormale;
'02'H: Avertissement sur réception anormale;
'03'H a '07'H: réservé a l'avertissement;
'08'H: Alarme sur FCS anormalg;

'09'H: Alarme sur réception anermale;
'0A'H a 'OF'H: réservé a |'alarme.

4.2.3 PDU du service de messagerie

MSGREQ-PDU ::= SEQUENCE { responder Unsigned8,
funcCode BIT STRING SIZE (7),
reserve1l BIT STRING SIZE (1),
extAddress Unsigned8,
reserve2 OCTET STRING (‘00’H),
requestData OCTET STRING SIZE (4..4092)}
| SEQUENCE { requestUData OCTET STRING SIZE (8..4096)}
MSGRSR-PDU ::= SEQUENCE { responder Unsigned8,
funcCode BIT STRING SIZE (7),

erforFlag BIT STRING SIZE (1),
extAddress Unsigned8,
reserve OCTET STRING (‘00’H),
responseData OCTET STRING SIZE (4..4092)}
| SEQUENCE { responseUData OCTET STRING SIZE (8..4096)}
a) champ responder

responder
Ce champ doit contenir I'adresse de nceud de destination ou le répondeur du message.

Ce champ doit étre codé en type de données Unsigned8 avec la plage de valeurs suivante:

— 'O0'H: Réserveé;
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— '01'H: appareil maitre C1;
— '02'H: appareil maitre C2;
— '03'H a 'EF'h: Appareil esclave;
— 'FO'H a 'FF'H: réservé.
champ funcCode
ncCode

Ce champ doit contenir le code indiquant la fonction du message.

Lg

c)
er

ré

d)

e
C4
dg

C¢ champ doit étre codé en type de données Unsigned8 avec la plage de valeurs compri

er

e)

Ct) champ doit indiquer I'état de réponse du message. La valeur 0 doit étre attribuée pour u

plage de codes dolt etre comprise entre UUH et /F H.

champ errorFlag
rorFlag

onse normale et la valeur 1 pour une réponse anormale.

— 0: réponse normale;
— 1: réponse erronée.
champ extAddress
tAddress

e champ doit contenir la sous-adresse représentant un sous-appareil lorsque le nceud
stination est un appareil intégré a au moins deux sous-appareils.

tre '00'H et 'FE'H. Le code 'FF'H est réservé.

champs requestData et respondeData

C
cq
de

rTuestData et responseData

.B  Définitions détaillées des) FDCService-PDU

s champs doivent contenir les SDU qui'‘peuvent étre définies par I'utilisateur pour chaq
de de fonction. Un exemple d'ensemble’de commandes de message utilisateur pour le co
fonction est présenté ci-aprés: '42’H’est présenté a I'Annexe C.

3.1 Type de PDU abrégé

3.1.1 Commande et réponse NOP
mmande, l'esclave ne doit rien faire, sauf répondre a une commande NOP-RSP1-P[
Hiquant les derniers état et alarme.

OP-CMDJI-PDU ::= _CMD1-PDU ( WITH COMPONENTS {..., cmd (nop) } )
OP-RSP1-PDU ::= _RSP1-PDU ( WITH COMPONENTS {..., rcmd (nop) } )

DP symbolise uhe) commande "No OPeration" (pas d'opération). A la réception de cefte

ne

e

e
e

u

4.3.1.2 Commande et réponse PRM_RD

PRM_RD symbolise une commande "parameter-read" (lecture de paramétre). A la réception
de cette commande, I'esclave doit lire une valeur de parameétre spécifiée dans le champ
PRM_RD-RSP1-PDU.parameter et doit y répondre

_P

_P

RM_RD-CMD1-PDU ::=_CMD1-PDU ( WITH COMPONENTS
{..., cmd (prm_rd),
pduBody (cmdBody _ PRM_RD-CMD1Body) } )
RM_RD-CMD1Body ::= SEQUENCE({ reserve1 OCTET STRING SIZE (3),

pNo Unsigned16,


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

- 154 — IEC 61158-6-24:2014 © IEC 2014

pSize Unsigned8,
reserve2 OCTET STRING SIZE (8) }

_PRM_RD-RSP1-PDU ::= _RSP1-PDU ( WITH COMPONENTS

{..., rcmd (prm_rd),
pduBody (rspBody _PRM_RD-RSP1Body) } )

_PRM_RD-RSP1Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigneds,
parameter OCTET STRING SIZE (8) }

champ pNo

pro
C¢ champ doit contenir le nombre de paramétres a lire.

plage de valeurs doit &tre comprise entre 0 et 65 535.

champ pSize

pIize
C¢ champ doit contenir la taille du parametre en octets.

Lg plage de valeurs doit étre comprise entre 0 et 255.
c)| champ parameter
parameter
Cé champ doit contenir les données lues correspondant’au champ pNo. La taille des donnégs,
la|structure des données et leur signification peuventdépendre du champ pNo.
4.3.1.3 Commande et réponse PRM_WR
PRM_WR symbolise une commande "parameter-write" (écriture de parameétre). A la réceptipn
dg cette commande, l'esclave doit écrire>une valeur de parameétre spécifiée dans le champ
PRM_WR-CMD1-PDU.parameter et doit répondre en écho pour signaler I'exécution de [la
cgmmande.
_ARM_WR-CMD1-PDU ::= _CMDT-PDU ( WITH COMPONENTS

{..., cmd (prm_wr),

pduBody (cmdBody _PRM_WR-CMD1Body) } )

_ARM_WR-CMD1Body 1= SEQUENCE { reserve OCTET STRING SIZE (3),

pNo Unsigned16,

pSize Unsigneds,

parameter OCTET STRING SIZE (8) }
_ARM_WR:RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (prm_wr),

priuRnrly (rcpnnd\’/ _DDI\II_\I\ID RSP1 Rnrly) } )
_PRM_WR-RSP1Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigned8,

parameter OCTET STRING SIZE (8) }
a) champ pNo
pNo

Ce champ doit contenir le nombre de paramétres a écrire.

La plage de valeurs doit étre comprise entre 0 et 65 535.

b)

champ pSize
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Ce champ doit contenir la taille du paramétre en octets.
La plage de valeurs doit étre comprise entre 0 et 255.

c) champ parameter
parameter

Ce champ doit contenir les données a écrire correspondant au champ pNo. La taille des

données, la structure des données et leur signification peuvent dépendre du champ pNo.

4.3.1.4 Commande ID_RD et réponse

ID_RD symbolise une commande "device-ID-read" (lecture d'ID d'appareil). A la réception
cdtte commande, l'esclave doit lire une partie d'un élément spécifié dans les informatio
relatives a l'appareil dans le champ ID_RD-RSP1-PDU.idData et doit y répondre.
sgmantique et les types de données des informations relatives a I'appareil peuvent dépend
dy modele d'appareil, sauf idCode: 0, qui doit spécifier les informations relatives au mod§g

d'appareil.
_Ib_RD-CMD1-PDU ::= _CMD1-PDU (WITH COMPONENTS
{..., cmd (id_rd),
pduBody (cmdBody _ID_RD{GMDBody) })
_Ib_RD-CMD1Body ::= SEQUENCE { reserve1l OCTET STRING-SIZE (3),

idCode Unsigneds,
idOffset Unsigned8,
idSize Unsigned8,
reserve2 \NOCTET STRING SIZE (8)}
D RD-RSP1-PDU :»= _RSP1-PDU (WITH COMPONENTS
{s5. rcmd (id_rd),
pduBody (rspBody _ID_RD-RSPBody) } )
D_RD-RSP1Body ::= SEQUENCE { idCode Unsigned8,
idOffset Unsigned8,

idSize Unsigned8,

idData OCTET STRING SIZE (8) }
a)l champ idCode

|dfode

Ce¢ champ doit contenir le code d'ID d'appareil a lire.

Lg plage de valeurs doit étre comprise entre 0 et 255.

— ~00'H: modele d'appareil;
={,'01'H a 'FF'H: réservé.

e
s
L a
re
le

b) champ idOffset

idOffset
Ce champ doit contenir I'adresse de décalage de I'ID d'appareil a lire.

La plage de valeurs doit &tre comprise entre 0 et 255.

c) champ idSize

idSize

Ce champ doit contenir la taille de lecture en octets de I'ID d'appareil.

La plage de valeurs doit é&tre comprise entre 0 et 255.

d) champ idData
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idData

Ce champ doit contenir les données lues correspondant au champ idCode. La taille des

données, la structure des données et leur signification peuvent dépendre du champ idCode.

4.3.1.5 Commande CONFIG et réponse

CONFIG symbolise une commande "configure-device" (configurer appareil). A la réception de
cette commande, Il'esclave doit activer un ensemble de paramétres sur la RAM mise a jour
avec une commande PAR_WR, puis doit répondre pour signaler I'exécution de la commande.

JONFIG-CMD1-PDU

_ _CMD1-PDU (WITH COMPONENTS
{..., cmd (config),
pduBody (cmdBody _ CONFIG-CMD1Body) })

JONFIG-CMD1Body SEQUENCE { reserve1 OCTET STRING SIZE (3),

config_mode Unsigned8 { pActive (0),
reserve2 OCTET STRING SIZE (10) }
_RSP1-PDU (WITH COMPONENTS {..., rcmd (config).}/)

_JONFIG-RSP1-PDU
a)l champ config_mode

config_mode
Cé champ doit contenir le mode de configuration de I'appareil.

C¢ champ doit étre codé en type de données Unsigned8 avecla plage de valeurs suivante:

— pActive ('00'H): pour procéder a un nouveal calcul avec les paramétres et
configuration;

— '01'H a 'FF'H: réservé.

4.3.1.6 Commande ALM_RD et réponse

la

ALM_RD symbolise une commande "alarm-read" (lecture d'alarme). A la réception de cefte

cgmmande, l'esclave doit lire un ensemble de données d'alarme comprenant les détails
I'gtat d'alarme et d'avertissement dans le champ ALM_RD-RSP1-PDU.alm_data, puis il d

répondre avec ces éléments. Laysémantique et les types de données du champ alm_dafta

pguvent dépendre du modéle d'appareil.

ALM_RD-CMD1-PDU ;x5 CMD1-PDU (WITH COMPONENTS
{..., cmd (alm_rd),

pduBody (cmdBody _ALM_RD-CMD1Body) } )
ALM_RD-CMD1Body. ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),
alm_rd_mode Unsigned8 { currentAlm (0)},
reserve2 OCTET STRING SIZE (10) }
ALM_RD-RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (alm_rd),

e
Dit

pduBody (rspBody _ALM_RD-RSP1Body) } )
_ALM_RD-RSP1Body ::= SEQUENCE { alm_data Unsigned8 { currentAlm (0)},
alm_data OCTET STRING SIZE (10) }
a) champ alm_rd_mode

alm_rd_mode
Ce champ doit contenir le mode de lecture d'alarme.
Ce champ doit étre codé en type de données Unsigned8 avec la plage de valeurs suivante:

— currentAlm ('00'H): lire I'état d'alarme/avertissement en cours;
— O01'H a 'FF'H: réservé.
b) champ alm_data
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alm_data
Ce champ doit contenir I'état d'alarme lu correspondant au champ alm_rd_mode.

4.3.1.7 Commande et réponse ALM_CLR

ALM_CLR symbolise une commande "alarm-clear" (annulation d'alarme). A la réception de
cette commande, l'esclave doit annuler I'état d'alarme et d'avertissement interne, puis il doit
répondre pour signaler I'exécution de la commande.

A edier & ) issement.
Il convient de Iutlllser aprés avoir resolu les causes ou problemes réels afln de rétablir I'ét
ngrmal de l'appareil.

ALM_CLR-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS
{..., cmd (alm_clr),

pduBody (cmdBody _ALM_CLR-CMDBody) }-)
ALM_CLR-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),
alm_clr_mode Unsigned8 { cAImClear(0)},
reserve2 OCTET STRING SIZE (10)}
ALM_CLR-RSP1-PDU ::= _RSP1-PDU (WITH COMPONENTS
{..., rcmd (alm_clr),

pduBody (rspBody _ ALM_CLR-RSP1Body) } )

ALM_CLR-RSP1Body ::= SEQUENCE { alm_clr_mode Unsigned8 { cAlmClear(0) },
reserve OCTEYT STRING SIZE (10) }
a)l champ alm_clr_mode

alm_clr_mode
Cé champ doit contenir le mode d'annulation d‘alarme.

C¢ champ doit étre codé en type de donnees Unsigned8 avec la plage de valeurs suivante:
— cAlmClear ('00'H): annuler I'état d'alarme/avertissement en cours;

— '01'H a 'FF'H: réservé.

4.3.1.8 Commande SYNC _SET et réponse

SYNC_SET symbolise_ une commande "set into synchronous-state" (définir a I'état synchrong).
Alla réception de, dette commande, I'esclave doit basculer la PM esclave (FDCPM-S) ¢e
I'dtat S2: AsyncCohnected a I'état S3: SyncConnected. A la réception de la réponse, le maitre
dqit, de la méme maniére, basculer la PM maitre (FDCPM-M) de I'état S2: AsyncConnected a
I'gtat S3: SyncConnected. Voir 8.2.4 pour plus de détails.

wn

YNC_SET-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS {..., cmd (sync_set) } )
gYNC\SET-RSP1-PDU = _RSP1-PDU (WITH COMPONENTS {..., rcmd (sync_set) })

4.3.1.9 Commande CONNECT et réponse

Dans le cadre de I'échange de cette commande et de la réponse, le maitre et l'esclave
doivent établir une connexion FDC AR. A cet instant, certaines options ou certains
parameétres de communication peuvent étre spécifiés avec les PDU. lls doivent assurer la
transition de chaque PM (FDCPM-M et FDCPM-S). Voir 8.2.4 et 8.2.5 pour plus de détails.

_CONNECT-CMD1-PDU ::=_CMD1-PDU (WITH COMPONENTS
{..., cmd (connect),
pduBody (cmdBody _ CONNECT-CMD1Body) })
_CONNECT-CMD1Body ::= SEQUENCE { reserve1 OCTET STRING SIZE (3),
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ver Unsigned8,
com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),
reserve2 BIT STRING SIZE (3),
subcmd BIT STRING SIZE (1) },
com time Unsigned§,
reserve2 OCTET STRING SIZE (8) }
JONNECT-RSP1-PDU 1= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (connect),
pduBody (rspBody CONNECT-RSP1Body) } )
JONNECT-RSP1Body ::= SEQUENCE { ver Unsigned8,
com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE1),
dtmode BIT STRING'SIZE (2),
reserve2 BIT STRING SIZE (3),
subcmd BIT STRING SIZE (1) },
com_time Unsigneds,

reserve OGTET STRING SIZE (10)}

a)l champ com_mod
cgm_mod
Cé champ doit contenir plusieurs modes relatifs a la communication dans la connexion.

syncmode
Ce champ binaire doit indiquer le mode de communication.
0: état de.ecemmunication asynchrone;
1: état de communication synchrone.
dtmode
Ce champ;binaire doit indiquer le mode de transfert.
Ce«champ doit contenir la plage de valeurs ci-dessous.

'00'H: mode de transfert unique;
'01'H: mode de transfert double;

02" H =T 03" TEsETVe:

subcmd

Ce champ binaire doit préciser l'utilisation ou pas de la sous-commande.
0: Champ de sous-commande désactivé;
1: Champ de sous-commande activé.

b) champ com_time

com_time
Ce champ doit contenir la durée de cycle de communication sous la forme d'un multiple de la durée de
cycle de transmission.

La plage de valeurs doit &tre comprise entre 0 et 255.
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4.3.1.10 Commande DISCONNECT et réponse

Dans le cadre de I'échange de cette commande et de la réponse, le maitre et I'esclave
doivent libérer une connexion FDC AR et les options de communication spécifiées doivent
étre réinitialisées. lls doivent assurer la transition de chaque PM (FDCPM-M et FDCPM-S).
Voir 8.2.4 et 8.2.5 pour plus de détails.

_DISCONNECT-CMD1-PDU  ::= _CMD1-PDU (WITH COMPONENTS {..., cmd (disconnect) } )
_DISCONNECT-RSP1-PDU  ::= _RSP1-PDU (WITH COMPONENTS {..., rcmd (disconnect) })

4.3.1.11 Commande PPRM_RD et réponse

PRM_RD symbolise une commande "PROM-parameter-read" (lecture de paramétre-PROM).|A
lal réception de cette commande, I'esclave doit lire un paramétre spécifié sur)jE2PROM o¢u
dgns la mémoire non volatile dans le champ PPRM_RD-RSP1-PDU.parameter et doit|y
répondre

APRM_RD-CMD1-PDU 1= _CMD1-PDU (WITH COMPONENTS
{...,cmd (pprm_rd),
pduBody (cmdBody _PPRM_RD-EMD1Body) } )
APRM_RD_CMD1Body ::= SEQUENCE({ reserve1 OCTET STRING_SIZE (3),
pNo Unsigned16,
pSize Unsigneds,
reserve2 OCTEJ STRING SIZE (8)}
APRM_RD-RSP1-PDU ::=_RSP1-PDU (WITH COMPONENTS
{..., remd\(pprm_rd),
pduBody (rspBody _PPRM_RD-RSP1Body) } )
APRM_RD-RSP1Body ::= SEQUENCE { pNo* Unsigned16,
pSize Unsigned8,
parameter OCTET STRING SIZE (8) }
a)l champ pNo

pro
C¢ champ doit contenir le nombre de paramétres a lire.
Lg plage de valeurs deit\étre comprise entre 0 et 65 535.

b)] champ pSize

pIize
Ce¢ champdait contenir la taille du parameétre en octets.

Lg plage)de valeurs doit étre comprise entre 0 et 255.

c)—<hamppa
parameter

Ce champ doit contenir les données correspondant au champ pNo. La taille des données, la
structure des données et leur signification peuvent dépendre du champ pNo.

4.3.1.12 Commande PPRM_WR et réponse

PRM_WR symbolise une commande "PROM-parameter-write" (lecture de paramétre PROM).
A la réception de cette commande, I'esclave doit écrire une valeur de paramétre spécifiée
dans le champ PPRM_WR-CMD1-PDU.parameter dans la mémoire E2PROM ou la mémoire
non volatile, puis il doit répondre en écho pour signaler I'exécution de la commande.

_PPRM_WR-CMD1-PDU ::= _CMD1-PDU (WITH COMPONENTS
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{..., cmd (pprm_wr),
pduBody (cmdBody _ PPRM_WR-CMD1Body) } )

_PPRM_WR_CMD1Body ::= SEQUENCE { reserve OCTET STRING SIZE (3),

pNo Unsigned16,

pSize Unsigneds,

parameter OCTET STRING SIZE (8) }
_PPRM_WR-RSP1-PDU 1= _RSP1-PDU (WITH COMPONENTS
{..., rcmd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) } )

APRM_WR-RSP1Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigneds,

parameter OCTET STRING SIZE (8) }
a)l champ pNo

pro

Cé¢ champ doit contenir le nombre de paramétres a écrire.

Lg plage de valeurs doit étre comprise entre 0 et 65 535.

b)] champ pSize

pIize
Ce¢ champ doit contenir la taille du parameétre en octets.
Lg plage de valeurs doit &tre comprise entre 0 et 255.

c)| champ parameter

parameter
C¢ champ doit contenir les données a_gerire correspondant au champ pNo. La taille d
dgnnées, la structure des données et leur signification peuvent dépendre du champ pNo.

4
(7]

4B.2 Type de PDU long

4.3.2.1 Commande NOP et réponse

Voir 4.3.1.1.
_Nop-cmD2-PDU = _CMD2-PDU (WITH COMPONENTS {..., cmd (nop) } )
_NoP-RsP2-PDU = _RSP2-PDU (WITH COMPONENTS {..., rcmd (nop) } )

4.3.2.2 Commande PRM_RD et réponse

V]:ir 4¢341.2.

{...,cmd (prm_rd),
pduBody (cmdBody _PRM_RD-CMD1Body) } )
_PRM_RD-RSP2-PDU ::= _RSP2-PDU ( WITH COMPONENTS

{..., rcmd (prm_rd),

pduBody (rspBody PRM_RD-RSP1Body) } )
4.3.2.3 Commande PRM_WR et réponse
Voir 4.3.1.3.

_PRM_WR-CMD2-PDU ::= _CMD2-PDU ( WITH COMPONENTS
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{..., cmd (prm_wr),
pduBody (cmdBody _.PRM_WR-CMD1Body) } )
_PRM_WR-RSP2-PDU 2= _RSP2-PDU (WITH COMPONENTS
{..., rcmd (prm_wr),

pduBody (rspBody _PRM_WR-RSP1Body) } )

4.3.2.4 Commande ID_RD et réponse

4

Vo434

D RD-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS
{..., cmd (id_rd),
pduBody (cmdBody _ID_RD-CMDBody) })
D_RD-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS
{..., rcmd (id_rd),
pduBody (rspBody _ID_RD-RSPBody)\}")

4.3.2.5 Commande CONFIG et réponse

Voir 4.3.1.5.
_JONFIG-CMD2-PDU 1= _CMD2-PDU (WITH COMPONENTS
{..., cmd (config);
pduBody{cmdBody _ CONFIG-CMD1Body) })
_JONFIG-RSP2-PDU 1= _RSP2-PDU (WITH COMPONENTS {..., rcmd (config) } )

4.3.2.6 Commande ALM_RD et réponse

Voir 4.3.1.6.
_ALM_RD-CMD2-PDU 1= (CMD2-PDU (WITH COMPONENTS
{..., cmd (alm_rd),
pduBody (cmdBody _ALM_RD-CMD1Body) } )
_ALM_RD-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS

{..., rcmd (alm_rd),

pduBody (rspBody _ALM_RD-RSP1Body) } )

4.3.2.7 Commande ALM_CLR et réponse

Voir 4.3.1.7.
_ALM_CLR-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS
{..., cmd (alm_clr),
pduBody (cmdBody _ALM_CLR-CMDBody) })
_ALM_CLR-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS

{..., rcmd (alm_clr),

pduBody (rspBody _ALM_CLR-RSP1Body) } )
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4.3.2.8 Commande SYNC_SET et réponse

Voir 4.3.1.8.
_SYNC_SET-CMD2-PDU ;= _CMD2-PDU (WITH COMPONENTS {..., cmd (sync_set) } )
_SYNC_SET-RSP2-PDU = _RSP2-PDU (WITH COMPONENTS {..., rcmd (sync_set) })

4.3.2.9 Commande CONNECT et réponse

Voir 4.3.1T.9.
_JONNECT-CMD2-PDU ::=_CMD2-PDU (WITH COMPONENTS
{..., cmd (connect),
pduBody (cmdBody _ CONNECT-CMD1Body) }+)
_JONNECT-RSP2-PDU ::= _RSP2-PDU (WITH COMPONENTS

{..., rcmd (connect),

pduBody (rspBody _CONNECT-RSP1Body) } )

4.3.2.10 Commande DISCONNECT et réponse

Voir 4.3.1.10.
_[ISCONNECT-CMD2-PDU  ::= _CMD2-PDU (WITH COMPONENTS {..., cmd (disconnect) } )
_[JISCONNECT-RSP2-PDU  ::= _RSP2-PDU (WITH COMPGNENTS {..., rcmd (disconnect) } )

4.3.2.11 Commande PPRM_RD et réponse

Voir 4.3.1.11.
_APRM_RD-CMD2-PDU ::= _CMD2-PDU (WITH COMPONENTS

{..., cmd (pprm_rd),

pduBody (cmdBody _PPRM_RD-CMD1Body) } )
_HAPRM_RD-RSP2-PDU .3 _RSP2-PDU (WITH COMPONENTS

{..., rcmd (pprm_rd),
pduBody (rspBody _PPRM_RD-RSP1Body) } )

4.3.2.12 ,Commande PPRM_WR et réponse

Voir 4¢3.1.12.
J)DDMI WR.CMD2.PDLI == CMD2.PDILJ (\I\IITI—I COMPONENTS
{..., cmd (pprm_wr),
pduBody (cmdBody _ PPRM_WR-CMD1Body) } )
_PPRM_WR-RSP2-PDU ::= _RSP1-PDU (WITH COMPONENTS

{..., rcmd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) } )

4.3.3 Type de PDU amélioré
4.3.31 Commande NOP et réponse

Voir 4.3.1.1.
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_NOP-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS{..., cmd (nop) } )
_NOP-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS {..., rcmd (nop) } )

4.3.3.2 Commande PRM_RD et réponse

Voir 4.3.1.2.
_PRM_RD-CMD3-PDU ::=_CMD3-PDU (WITH COMPONENTS
f—rermd-(prm—rd);
pduBody (cmdBody _PRM_RD-CMD3Body) } )

_ARM_RD-CMD3Body ::= SEQUENCE{ pNo Unsigned16,

pSize Unsigneds,

reserve OCTET STRING SIZE (1|9|25|41|57)}
_HARM_RD-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (prm_rd),

pduBody (rspBody _PRM_RD-RSP3Body) } )

_HARM_RD-RSP3Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigned8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8]|24]40|56) }

4.3.3.3 Commande PRM_WR et réponse

Voir 4.3.1.3.
_ARM_WR-CMD3-PDU ::= _CMD3-PDU (WHTH COMPONENTS

{..., cmd (prm_wr),

pduBody (cmdBody _. PRM_WR-CMD3Body) } )

_ARM_WR-CMD3Body 2= SEQUENCE { pNo Unsigned16,

pSize Unsigneds,

reserve OCTET STRING SIZE(1),

parameter OCTET STRING SIZE (0|8|24|40|56) }
_ARM_WR-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (prm_wr),

pduBody (rspBody _PRM_WR-RSP3Body) })

_ARM_WR-RSP3Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigned8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8]|24]40|56) }

4.3.3.4 Commande ID_RD et réponse

ID_RD symbolise une commande "device-ID-read" (lecture d'ID d'appareil). A la réception de
cette commande, l'esclave doit lire une partie d'un élément spécifié dans les informations
relatives a l'appareil dans le champ ID_RD-RSP3-PDU.idData et doit y répondre. La
sémantique et les types de données des informations relatives a I'appareil peuvent dépendre
du modéle d'appareil (voir Annexe B).

_ID_RD-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
{..., cmd (id_rd),
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pduBody (cmdBody _ID_RD-CMD3Body) } )
_ID_RD-CMD3Body ::= SEQUENCE { idCode Unsigned8,
idOffcet Unsigned8,
idSize Unsigned16 ,
reserve  OCTET STRINGSIZE (0]8]|24|40|56)}
_ID_RD-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (id_rd),
pduBody (rspBody ID RD-RSP3Body) })
D_RD-RSP3Body ::= SEQUENCE { idCode Unsigned8,
idOffcet Unsigned8,
idSize Unsigned16,
idData OCTET STRING SIZE (0|8|24|40|56) }

a)l champ idCode

|dfode

C¢ champ doit contenir le code d'ID d'appareil a lire.

Lg plage de valeurs doit &tre comprise entre 0 et 255. Voir B.2.2.

— '00'H: Réservé;

— '01'H: Code d'ID fournisseur;

— '02'H: Code d'appareil ou code de modéle d'appareil;

— '03'H: Version de l'appareil;

— '04'H: Version du fichier d'informations relatives a I'appareil;
— '05'H: Nombre d'adresses étendues;

— '06'H: Numeéro de série du produit;

— '07'H a 'OF'H: Réservé,;

— '"0'H: Code de profil de I'appatreil pris en charge (primaire);

— "11'H: Version de profil dglappareil pris en charge (primaire);
— "12'H: Code de profil del'appareil pris en charge (secondaire);
— " 3'H: Version de profil de I'appareil pris en charge (secondaire);
— '"14'H: Code de'\profil de I'appareil pris en charge (tertiaire);

— '"15'H: Version de profil de I'appareil pris en charge (tertiaire);
— '"16'H: Cycle de transmission minimal;

— "17)H{Cycle de transmission maximal;

— _8'H: Granularité du cycle de transmission;

</ ,"19'H: Cycle de communication minimal;

— "TA'H: Cycle de communication maximal;

— "IB'H: Nombre d'octets transmissibles;

— "IC'H: Nombre d'octets transmis (paramétre en cours);
— '"ID'H: Code de profil d'appareil (paramétre en cours);

— "E'H a'1F'H: Réservé;

— '20'H: Liste de modes de communication pris en charge;
— '21'H: Adresse MAC;

— '22'H a '2F'H: Réservé;

— '30'H: Liste de commandes principales prises en charge;
— '31'H a '37'H: Réservé;
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— '38'H: Liste de sous-commandes principales prises en charge;
— '39'H a '3F'H: Réserve;

— '40'H: Liste de parametres communs pris en charge;

— '41'H a'7F'H: Réservé;

— '80'H: Nom de l'appareil principal;

— '81'H & '8F'H: Réservé;

— '90'H: Nom du sous-appareil 1;

— 9THa 97 HT Reserve,
— '98'H: Version du sous-appareil 1;

— '99'H & '9F'H: Réservé;

— 'AO0'H: Nom du sous-appareil 2;

— 'A1'H a 'A7'H: Réservé;

— 'A8'H: Version du sous-appareil 2;

— 'A9'H a 'AF'H: Réservé;

— 'BO'H: Nom du sous-appareil 3;

— 'B1'H a 'B7'H: Réservé;

— 'B8'H: Version du sous-appareil 3;

— 'B9'H a 'BF'H: Réservé;

— 'CO'H a 'FF'H: Réservé aux informations spécifiques au fournisseur.
b)] champ idOffset

idOffset

Ce¢ champ doit contenir I'adresse de décalage de“l'ID d'appareil a lire.

Lg plage de valeurs doit étre comprise entre‘Q-et 255.

c)| champ idSize

idfize
Ce¢ champ doit contenir la taille de_lecture en octets de I'ID d'appareil.
Lg plage de valeurs doit étre comprise entre 0 et 255.

d)| champ idData

idfata
Ce¢ champ doit\contenir les données lues correspondant au champ idCode. La taille d

dgnnées, la‘structure des données et leur signification peuvent dépendre du champ idCode.

Voir B.2.2L

4.B3.35 Commande CONFIG et réponse

D
CD(IJ

Voir 4.3.1.5. Le code de "config_mode" doit étre amélioré.

_CONFIG-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
{..., cmd (config),
pduBody (cmdBody _CONFIG-CMD3Body) })

_CONFIG-CMD3Body ::= SEQUENCE {config_mode Unsigned8 {pActive (0), pAllSave (1), pReset(2)},
reserve  OCTET STRING SIZE (3]|11]27]43|59)}
_CONFIG-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (config),
pduBody (rspBody _ CONFIG-RSP3Body) } )
_CONFIG-RSP3Body ::= SEQUENCE {config_mode Unsigned8 {pActive (0), pAllSave (1), pReset(2)},
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reserve OCTET STRING SIZE (3|11]27|43|59) }
a) champ config_mode

config_mode
Ce champ doit contenir le mode de configuration de I'appareil.

Ce champ doit étre codé en type de données Unsigned8 avec la plage de valeurs suivante:

— pActive ('00'H): pour procéder a un nouveau calcul avec les parameétres et la
configuration;

—pAtSave ('Ot —pour€crire des parametres danms tamemoire Mo votatiteavecumrtot;
— pReset ('02'H): pour rétablir le jeu de parameétres d'usine;
— '03'H a 'FF'H: réservé.

.p.3.6 Commande ALM_RD et réponse

4
Voir 4.3.1.6. Le code du champ alarm_rd_mode et du champ alm_data correspondant doivent
étre améliorés.

ALM_RD-CMD3-PDU

_ _CMD3-PDU (WITH COMPONENTS
{..., cmd (alm_rd),
pduBody (cmdBody _ALM_RD-CMD3Body) } )
SEQUENCE{ alm_rd_mode Unsigned16
{ currentAlm (0), historyAlm (1),
cAlmDetail/(2), hAlmDetail (3)} ,
alm_indexdnsigned16 (0..11) ,
reserve N\MNOCTET STRING SIZE (0|8]24]40]56) }

_RSP3-PDU (WITH,COMPONENTS

ALM_RD-CMD3Body

ALM_RD-RSP3-PDU
{¥%.rcmd (alm_rd),

pduBody (cmdBody _ID_RD-RSP3Body) })
ALM_RD-RSP3Body ::= SEQUENCE{ alm_rd_mode Unsigned16

{ currentAlm (0), historyAlm (1),

cAlmDetail (2), hAlmDetail (3)},

alm_index Unsigned16 (0..11) ,
alm_data OCTET STRING SIZE (8]|24|40|56) }
a)l champ alm_rd.'mode

alm_rd_mode
Cé champ dait\contenir le mode de lecture d'alarme.

C¢

14

champ.doit étre codé en type de données Unsigned8 avec la plage de valeurs suivante:

<(scurrentAlm ('00'H): lire I'état d'alarme/avertissement en cours;

— historyAlm ('01'H): lire I'historique d'alarme;

— cAlmDetail ('‘02'H): extraire les détails des informations d'alarme/avertissement
individuelles en cours;

— hAImDetail ('03'H): extraire les détails des informations individuelles de I'historique
d'alarme;

— '04'H & 'FF'H: réservé.
b) champ alm_index
alm_index
Ce champ doit contenir I'index de point de lecture de I'alarme/avertissement.

La plage de valeurs doit étre comprise entre 0 et 11.
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c) champ alm_data

alm_data
Ce champ doit contenir I'état d'alarme lu correspondant au champ alm_rd_mode.

4.3.3.7 Commande ALM_CLR et réponse
Voir 4.3.1.7. Le code de "alm_clr_mode" doit étre améliore.

_ALM_CLR-CMD3-PDU ;= _CMD3-PDU (WITH COMPONENTS

{— cmd<atm_cir);

pduBody (cmdBody _ALM_CLR-CMD3Body) })

_ALM_CLR-CMD3Body ::= SEQUENCE { alm_clr_mode Unsigned16 { cAlmClear (0), hAImClear(1)}
reserve OCTET STRING SIZE (2|10]|26]42|58)}
_ALM_CLR-RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (alm_clr),
pduBody (rspBody _ALM_CLR-RSP3Body) } )

ALM_CLR-RSP3Body ::= SEQUENCE { alm_clr_mode Unsigned16 { cAImClear (0), hAlmClear(1)},
reserve OCTET STRING SIZE (2|10126|42|58)}

a)l champ alm_clr_mode

alm_clr_mode
Cé champ doit contenir le mode d'annulation d'alarme.

C¢ champ doit étre codé en type de données Unsigned8Javec la plage de valeurs suivante:

— cAlmClear ('00'H): annuler I'état d'alarme/ayertissement en cours;
— hAImClear (‘01'H): annuler I'historique d'alarme;
— '02'H a 'FF'H: réserve.

4.3.3.8 Commande SYNC_SET et réponse

Voir 4.3.1.8.
_gYNC_SET-CMD3-PDU ;= _OMD3-PDU (WITH COMPONENTSY{..., cmd (sync_set) } )
_§YNC_SET-RSP3-PDU =2 RSP3-PDU (WITH COMPONENTS {..., rcmd (sync_set) })

4.3.3.9 Commande CONNECT et réponse
Voir 4.3.1.9. Le;champ de "profile_type" doit étre amélioré.

JONNECT-CMD3-PDU ::=_CMD3-PDU (WITH COMPONENTS
{..., cmd (connect),

pduBody (cmdBody _CONNECT-CMD3Body) } )

_CONNECT-CMD3Body ::= SEQUENCE { ver Unsigned8,

com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),
reserve2 BIT STRING SIZE (3),
subcmd BIT STRING SIZE (1) },

com_time Unsigned8

profile_type Unsigned8

reserve  OCTET STRING SIZE (0]8|24]40|56) }
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_CONNECT-RSP3-PDU 1= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (connect),
pduBody (rspBody _CONNECT-RSP3Body) } )
_CONNECT-RSP3Body ::= SEQUENCE { ver Unsigned8,
com_mod SEQUENCE {
reserve1l BIT STRING SIZE (1),
syncmode BIT STRING SIZE (1),
dtmode BIT STRING SIZE (2),

reserve2 BIT STRING SIZE (3),

subcmd  BIT STRING SIZE (1) },
com_time Unsigned8
profile_type Unsigned8
reserve OCTET STRING SIZE (0|8|24|40|58)}
a)l champ profile_type
profile_type

Cé champ doit contenir le code de profil d'appareil a utiliser. Commetpour le profil d'apparei

vdir 4.4 et Annexe A.

Lg plage de valeurs doit étre comprise entre 0 et 255.

4.3.3.10 Commande DISCONNECT et réponse

Voir 4.3.1.10.
_DOISCONNECT-CMD3-PDU  ::= _CMD3-PDU (WITH COMPONENTS {..., cmd (disconnect) } )
_DOISCONNECT-RSP3-PDU  ::= _RSP3-PDU (WITH COMPONENTS {..., rcmd (disconnect) } )

4.3.3.11 Commande PPRM_RD etréponse

Voir 4.3.1.11.
_APRM_RD-CMD3-PDU 1:=\CMD3-PDU (WITH COMPONENTS

{..., cmd (pprm_rd),

pduBody (cmdBody _PPRM_RD-CMD3Body) })
_APRM_RD_CMD3Body ::= SEQUENCE{ pNo Unsigned16,

pSize Unsigned8

reserve  OCTET STRING SIZE (1]|9|25|41|57)}
_HAPRM_RD=RSP3-PDU ::= _RSP3-PDU (WITH COMPONENTS

{..., rcmd (pprm_rd),

pauBody{rspBedy—PRRRM-RB-RSR3Bedy -
_PPRM_RD-RSP3Body ::= SEQUENCE { pNo Unsigned16,

pSize Unsigned8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0]8|24|40|56) }

4.3.3.12 Commande PPRM_WR et réponse
Voir 4.3.1.12.

_PPRM_WR-CMD3-PDU ::= _CMD3-PDU (WITH COMPONENTS
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_PPRM_WR_CMD3Body

_PPRM_WR-RSP3-PDU

{..., cmd (pprm_wr),
pduBody (cmdBody _ PPRM_WR-CMD3Body) } )
SEQUENCE { pNo Unsigned16,
pSize Unsigned8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8|24]40|56) }
_RSP3-PDU (WITH COMPONENTS

{..., rcmd (pprm_wr),

APRM_WR-RSP3Body

pduBody (rspBody _PPRM_WR-RSP3Body) } )
SEQUENCE { pNo Unsigned16,

pSize Unsigneds8,
reserve OCTET STRING SIZE(1),
parameter OCTET STRING SIZE (0|8|24]40|56),}

4.3.3.13 Commande MEM_RD et réponse

MEM_RD symbolise une commande "memory-read" (lecture demémoire). A la réception
cdtte commande, l'esclave doit lire un bloc de mémoire virtuelle spécifiée dans le chan

MEM_RD-RSP3-PDU.data et doit y répondre.

Comme pour la mémoire virtuelle, voir Annexe A.

MEM_RD-CMD3-PDU

MEM_RD-CMD3Body

MEM_RD-RSP3-PDU

MEM_RD-RSP3Body

::=_CMD3-PDU (WITH COMPONENTS

{..., cmd\(mem_rd),

pduBody (cmdBody _MEM_RD-CMD3Body) })

::=SEQUENCE { reserve OCTET STRING,

mMode SEQUENCE {
data_type BIT STRING SIZE (4),
mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32,
reserve OCTET STRING SIZE (4]20]36|52)}
_RSP3-PDU (WITH COMPONENTS

{..., rcmd (mem_rd),
pduBody (rspBody _MEM_RD-RSP3Body) } )
SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {
data_type BIT STRING SIZE (4),

e
hp

a) champ mMode
mMode

mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32,
data OCTET STRING SIZE (4]20]36|52) }

Ce champ doit contenir le mode de lecture de la mémoire.


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

-170 - IEC 61158-6-24:2014 © IEC 2014

data_type
Ce champ binaire contient un type de mémoire faisant office de source pour
lecture.
'00'H: Réservé;
'01'H: Mémoire volatile;
'02'H: Mémoire non volatile;
'03'H a 'FF'H: réservé.
_  mode

la

Ce champ binaire contient le type des données spécifiées dans la mémoire a lire:

'00'H: Réservé;

'01'H: Integers;

'02'H: Integer16;

'03'H: Integer32;

'04'H: Integer64;

'05'H a 'FF'H: réservé.

champ mSize

mBize

C

p champ doit contenir la quantité de données a lire dans ta mémoire.

plage de valeurs doit &tre comprise entre 0 et 20.

c)| champ mAddress

miAddress

C¢ champ doit contenir I'adresse de début de la mémoire a lire.

Lg plage de valeurs doit étre comprise entre 0 et 'FFFF FFFF'H.

d) champ data

data

C¢ champ doit contenir lesudonnées lues avec les champs mMode, mSize et mAddre
sfécifiés.

4.3.3.14 Commande MEM_WR et réponse

MEM_WR symbolise une commande "memory-write" (écriture de mémoire). A la réception
cdtte commande, I'esclave doit écrire un bloc de valeurs spécifiées de mémoire virtuelle

ch
I'g

C

amp MEM* WR-CMD3-PDU.data vers la mémoire, et il doit répondre en écho pour signal
xécution de la commande.

mme pour |la mémoire virtuelle, voir Annexe A

124
(2}

le
Hu
ler

_MEM_WR-CMD3-PDU ::=_CMD3-PDU (WITH COMPONENTS

{..., cmd (mem_wr),

pduBody (cmdBody _MEM_RD-CMD3Body) } )

_MEM_WR-CMD3Body ::=SEQUENCE { reserve OCTET STRING,

mMode SEQUENCE {
data_type BIT STRING SIZE (4),
mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32,
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data OCTET STRING SIZE (4|20|36|52) }
_MEM_WR-RSP3-PDU 1= _RSP3-PDU (WITH COMPONENTS
{..., rcmd (mem_wr),
pduBody (rspBody _MEM_RD-RSP3Body) } )
_MEM_WR-RSP3Body ::=SEQUENCE { reserve OCTET STRING,
mMode SEQUENCE {
data_type BIT STRING SIZE (4),

mode BIT STRING SIZE (4) },
mSize Unsigned16,
mAddress Unsigned32
data OCTET STRING SIZE (4]20|36]52) }
a)l champ mMode
mLVIode
Cé champ doit contenir le mode d'écriture de la mémoire.
data_type
Ce champ binaire doit contenir un type de mémoire ded{destination dans laquelle
écrire.

'00'H: Réservé,;
'01'H: Mémoire volatile;
'02'H: Mémoire non volatile;
'03'H a 'FF'H: réservé.
mode
Ce champ binaire doit contenir le type des données spécifiées dans la mémoire dans
laquelle écrire.
'00'H: Réservé,;
'01'H: Integers;
'02'H: Integerib;
'03'H: Integer32;
'04'H:«nteger64;
'05(H)a 'FF'H: réservé.
b)] champ mSize
mBSize
Cé champ.doit contenir la quantité de données de la mémoire dans laquelle écrire.

Lg plage’de valeurs doit &tre comprise entre 0 et 20.

c) champ mAddress

mAddress

Ce champ doit contenir I'adresse de début de la mémoire dans laquelle écrire.
La plage de valeurs doit étre comprise entre 0 et 'FFFF FFFF'H.

d) champ data

data
Ce champ doit contenir les données a écrire avec les champs mMode, mSize et mAddress
spécifiés.
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4.3.4 Type PDU de sous-commande

4.3.41 Sous-commande NOP et réponse

Voir 4.3.1.1.
_NOP-SUBCMD-PDU = _USUBCMD-PDU (WITH COMPONENTS {..., subcmd (nop) } )
_NOP-SUBRSP-PDU = _USUBRSP-PDU (WITH COMPONENTS {..., rsubcmd (nop) } )

4.3.22 Sous-commande PRM_RD et reponse
Voir 4.3.1.2.

ARM_RD-SUBCMD-PDU ::=_USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (prm_rd),
pduBody (cmdBody _PRM_RD-CMD#Body) })
ARM_RD-SUBRSP-PDU ::=_USUBRSP-PDU (WITH COMPONENTS
{..., rsubcmd (prm_rd),
pduBody (rspBody _PRM"RD-RSP1Body) } )

4.3.4.3 Sous-commande PRM_WR et réponse

Voir 4.3.1.3.
_ARM_WR-SUBCMD-PDU ::= _USUBCMD-PDU (WITH COMPONENTS
{....stbcmd (prm_wr),
pduBody (cmdBody _PRM_WR-CMD1Body) })
ARM_WR-SUBRSP-PDU ;= _USUBRSP-PDUNWITH COMPONENTS

{..., rsubcmd (prm_wr),

pduBody (rspBody _PRM_WR-RSP1Body) } )

43.4.4 Sous-commande ALM_RD et réponse

Voir 4.3.1.5.
_ALM_RD-SUBCMD¢PDU ::= _USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (alm_rd),
pduBody (cmdBody _ALM_RD-CMD1Body) })
ALM_RDzSUBRSP-PDU ::= _USUBRSP-PDU (WITH COMPONENTS

{..., rsubcmd (alm_rd),

pauBody (rspBody _ACM—_RD-RSPtBody) )

4.3.4.5 Sous-commande PPRM_RD et réponse

Voir 4.3.1.11.
_PPRM_RD-SUBCMD-PDU  ::= _USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (pprm_rd),
pduBody (cmdBody _ PPRM_RD-CMD1Body) } )
_PPRM_RD-SUBRSP-PDU ::= _USUBRSP-PDU (WITH COMPONENTS

{..., rsubcmd (pprm_rd),
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pduBody (rspBody _PPRM_RD-RSP1Body) } )

4.3.4.6 Sous-commande PPRM_WR et réponse
Voir 4.3.1.12.
_PPRM_WR-SUBCMD-PDU  ::= _USUBCMD-PDU (WITH COMPONENTS
{..., subcmd (pprm_wr),
prlllpr\rly (nmdnndy PPRM \WPR_CMDA1 Dr\rly) } )
_APRM_WR-SUBRSP-PDU  ::= _USUBRSP-PDU (WITH COMPONENTS

4.4 Profil de I'appareil

u
te
L'
FI

[

L3
in
cq

L6
S{
ds
dd

n

Dans la régle de‘\codage de la FAL de Type 24, on peut ne pas coder la balise (code de ty

ds
ay

L3
3

. Concepts

{..., rsubcmd (pprm_wr),

pduBody (rspBody _PPRM_WR-RSP1Body) })

h appareil de terrain peut fournir certains ensembles de PDU dépendantes de l'appareil

Itilisateur d'un maitre FDC peut décider lequel il convient de chiisir pour la communicati
DC lorsque la connexion du protocole FDC est établie.

systéme de profil d'appareil et les informations connexes_ sont présentés a I'Annexe A.

Syntaxe de transfert

FAL de Type 24 est une technologie~d'application prioritaire. Par conséquent, il ¢
portant de faire en sorte que la taille des données codées soit compacte et de pouvoir |
der et les décoder simplement.

s processus de codage etxde décodage doivent donc étre définis de maniere aus
écifique a la FAL de Type-24, cela n'impliquant aucun caractére commun avec l'autre ty
protocole ni aucune yersatilité. Le format de données et la régle de codage de I'APL
ivent étre préalablement définis pour les entités qui transférent les données, c¢g
mpliquant aucun service de couche de présentation.

données).efla longueur de données. Les seules valeurs de chaque type de données déf
ec la syntaxe abstraite ASN.1 doivent étre codées dans une ligne de données.

longueur de la PDU doit étre fixe dans le cas d'un service FDC dont le facteur temps €
rticulierement important. Pour un service MSG dont le facteur temps n'est pas strict,

rrain et leurs CMDCodes pour le service FDC, appelés profils) d'appareil de terrain.

e

pn

he
U
la

he
ni

st
la

p
PDU de longueur variable peut etre transieree. Dans ce cas, Il convient que [a syntaxe

abstraite définisse explicitement un champ de données précisant la longueur de données.

Il convient que la couche inférieure définisse I'ordre des bits sur la voie de transmission.

5.2 Reégles de codage

5.2.1 INTEGER et ses sous-types

INTEGER et ses dérivés (Integer8, Integer16, Integer32, Integer64, Unsigned8, Unsigned16,
Unsigned32 et Unsigned64) doivent coder et transférer uniquement la valeur de données
dans leur taille d'octet.
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La forme codée d'Integer8, Integer16, Integer32 et Integer64 doit étre composée d'un bit:s de
signe sur le bit de poids fort (voir Figure 2). Le val doit contenir la valeur elle-méme s'il est
supérieur ou égal a 0 (le bit de signe est '0'B). Si val est un nombre négatif (le bit de signe
est '1'B), les données codées doivent étre représentées comme un complément de 2 a l'aide
de s et val.

NOTE Cette regle de codage s'applique a la structure de données lors du transfert de la PDU, mais on peut ne
pas préciser la structure de données sur une mémoire réelle du systéme de traitement des données d'un appareil
réel.

| P (2]
teserd
MsE LSE
1 6 0
5| ‘wal
Iptegerlf
MSE LSH
15 8§ 7 0

-1 T-fal

ootetl octetl

Integerd?
MSE LSH
31 3824 23 16 15 g 7 0
| T |
s | hal |
| | |
octetd octet? octetl octetl
Integertd
MSE LSB
Kl 62 656 55 48 47 40 39 32 31 24 23 16 15 g 7 0
T T T I T T T
- | | | val | | |
| | | | | | |
octet? octetf doteth octetd octetd octet? octet] octetd

s: pit de signe (0: + /[r1:=)
val: valeur positive, si s=0;
“s+val’.represente une valeur négative en complément de 2, si s=1.

Figure 2 — Codage des sous-types Integer

Lors du transfert des données d'un type de données a plusieurs octets, les octets doivent étre
transmis dans l'ordre, du plus bas vers le plus élevé (voir I'exemple a la Figure 3).
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nu
Fi
d'
bi

La

transmis dans I'ordre, du plus bas vers le plus élevé.

_ExampleTypel = INTEGER sizel4}

exampleValeul ExampleTypel m= '0123 4567 H
‘67 H "45'H 23" H ‘01°H
toctetd) | (octetl) | (octet?) | (octetd)

Leading octet Trailing octet

-
t

4 ol
Cegenoae

Anglais Frangais

Leading octet Octet de départ

Trailing octet Octet de fin

Figure 3 — Exemple de transfert de la valeur INTEGER

meérique (val) doivent étre définies dans la zone de données de ‘sa taille d'octet (v
gure 4). Dans ce cas, la valeur numérique doit étre définie de maniere a placer le numé
In chiffre inférieur dans un bit inférieur de la séquence, la valeur 0 devant étre définie sur
supérieur non utilisé.

Al format codé Unsigned8, Unsigned16, Unsigned32 et Unsigned64, les'données de vale*?ur

rs du transfert des données d'un type de données a plusieurs octets, les octets doivent éf

ir
ro
le

re

LUnsigreds
MSEB LSE
/ 0
wval
Unsigned1G
MSEB LS8
15 a8 7 0
T
vl
I
octet octetD
Unsigned3?2
MSB LSH
31 24 23 16 15 a7 0
I ] ]
I vhl |
| I I
octetd octet? octet | octetd
Unsignedid
MSEB LSB
63 56 55 48 47 40 39 32 31 24 23 16 15 a7 0
T T 1 I I T |
| I | vl | | |
i i i i i i i
octet? octeth octetd octetd octetd octet? octet] octetl

Figure 4 — Codage des sous-types Unsigned
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5.2.2 Type REAL et ses sous-types

La

FAL de Type 24 ne définit pas directement les données du type REAL dans la syntaxe

abstraite et utilise Float32 et Float64, qui sont dérivées du type REAL. Ce codage doit
satisfaire a 'lSO/CEI/IEEE 60559. Leurs formats codés sont présentés a la Figure 5 et a la

Figure 6.
Float32
MSE LSB
Lo | 20 Lo Ea ] Lo En] '
il [ [agw ) [Faayr . L™
5 Expas Fractionss
1bit 8bits 23bits
Figure 5 — Codage du type Float32

Lgs données du type Float32 doivent étre composées de 4 octets (\oir Figure 4). Les octdts

dd
dd

oy

Si

Si

nggative comme le bit.de signe s.
FloatG4
MSE LSH
63 62 52 51 0
5 Expsa Fractiong,
Hort Hirts S raviis

ivent étre transmis dans l'ordre, du plus bas au plus élevé.,Dans ce cas, la valeur des
nnées a virgule flottante du type Float32 doit étre calculée a-l'aide de la formule suivante:

at32 = (— 1)v X C32 X 2‘]32 ,

s: bit de signe (0:+/ 1:-),

C3y = (1 x223 4 Fractiongo )x 2723
by by omantisse,

= 1+—b22

+ 52 523
q3r = Expzp —127 : exposant(<127..127).

Fractions, et Exps, sont égauxa 0, floats, représente 0.

Fractions, est égal a 0_et que Expy, est égal a 255, floats, représente l'infinie positive ou

Figure 6 — Codage du type Float64

Les données du type Float64 doivent étre composées de 8 octets (voir Figure 6). Les octets
doivent étre transmis dans l'ordre, du plus bas au plus élevé. Dans ce cas, la valeur des
données a virgule flottante du type Float64 doit étre calculée a I'aide de la formule suivante:

f|Oat64 = (— 1)&‘ X Ceo4q X 2q64 :

ou
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s: bit de signe (0:plus / 1:moins),

Ces = (l x22 4 Fractionggy )>< 2752
b : mantisse,
_qabsi bso L Do
2 52 552

qes = Expgq —1023 : exposant (-1 023..1 023).

Fractiong, et Exp64 sont égaux a 0, floatg, représente 0.

Si
né

5.

de
ng
re
ng
dé

Pour un bloc de données BIT STRING de taille de données a plusieurs octets, les octe

dd

N(

Dans le type BIT STRING, le bit de début (0°™ bit) doit correspondre au bit.de poids fail
s données codées, le bit de fin devant correspondre au bit de poids fort“en fonction des
mbres associés aux bits nommés. Toutefois, les données de remplissage doivent étre
Mmplies par une frontiére d'octet. Dans ce cas, une zone peut étre réservée méme pour le bit
n défini. Toutefois, la valeur du bit n'est pas définie. La Figure 7 présente un exemple de

gative comme le bit de signe s.

2.3 Type BIT STRING

finition de champ binaire du type BIT STRING.

ivent étre transmis dans l'ordre, a partir de I'octet contenant le bit le plus bas.
TE La définition de "bit de début" et "bit de fin" est conforme a I'TSO/CE| 8824-1:2008, 22.2.
bt e e
ir _BitField1 == BIT STRING| |
| bf1 (0}, |
| bf2 (2], ,
| bf3 (3}, |
bf4 (8)
| I
_BitFieldl type
MSB LSH
ith 15 9 8 7 4 3 P 1 0
//// // bf4 bf3 | bf2 bf
%
| octet] | octetl |

Fractiong, est égal a 0 et que Expg, est égal a 2 047, floatg, représente l'infinie positive_ou

le

ts

Figure 7 — Exemple de définition de champ binaire avec bits nommés

Un champ binaire peut étre défini en combinant les types SEQUENCE et BIT STRING. Dans

ce cas, la frontiére de chaque champ doit étre définie en fonction de la taille de bit spécifiée

et

remplie a partir du bit le plus faible (voir I'exemple présenté a la Figure 8).

Pour coder ce champ binaire, un octet doit étre rempli a partir de son bit le plus faible, en
fonction de l'ordre prévu par la définition de champ décrite entre "{" et "}" de la syntaxe

SEQUENCE afin de définir une zone de données confinée par la frontiére d'octet. S'il reste

des bits de fraction non définis, il doit s'agir d'une zone réservée et leurs valeurs doivent étre
indéfinies.
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5.

Lg
I'g

Le
s
I'l
de
dd

5.

Pour les données de type NULL, la longueur de données est 0 et aucune valeur n'existe. P
nséquent, elles ne doivent pas étre codées ni transférées.

Cd

5.

Parmi les éléments du type Structure, le type SEQUENCE et le type SEQUENCE OF
ivent pas)étre codés. Les composants inclus dans ces types doivent étre codés

dd

_BitField2 type

nnées de code du premier caractere.

2.5 Type NULL

2.6 Type Structure et type Array

2.4 Type OCTET STRING et type IA5String

M5B L3H
it 15 12 11 O ] 7 4 3 0
cff cfa cf4 cfd cf2 efl
| octetl | octetd |

Figure 8 — Exemple de définition de champ binaire avec taille de champ

s données de type OCTET STRING doivent étre transférées sans convertir le code da
rdre a partir de I'octet de poids fort des données de/chaine données.

s données de type IA5String doivent étre codées dans des lignes de données (OCTH
RING) en convertissant les données de*chaine en un code a 1 octet, conformément
50/CEI| 646, caractére par caractére, puis en ajoutant un octet de code nul (‘00'H) au
rnier code de caractéere. Les donnégs doivent étre transférées dans l'ordre a partir d

transférés conformément a chaque regle et a I'ordre de transfert d'octet (voir Figure 9).

T
a

ES

he
et
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SEQUENCE | field1 Unsigneds
field2 Unzigneds
feldd | BT STRING size(16)
bais Unsigned16
Hay Float32
e Unsigned16
hisld? Integerd2
i — End of SEQUENCE
-
Fieldd T Field3 Fieldd T Fieldd Fields T Fields !
fisldi Heid loctetd) : {octetl) | (octetd) : {octeti] ) (octetld) |r (octetl) |
M Field5 ‘I Field5 Field6 ‘I Field6 Field?7 1 Field7 If Field7 : Field7
| (octet?) | (octetd) | {octet) | (octetB\} (octetQ) | l(octetl) | (octet2) | (octetd)
Légende

Anglais

Frangais

End of SEQUENCE

Fin de SEQUENCE

Dé méme,
lofe
er
afl
of:

Figure 9 — Codage du type SEQUENCE

le type CHOICE ne doit pas étre codé.
mmunication dansil'Une des alternatives de ce type, il convient de sélectionner les donné
fonction du contexte de I'AP de communication et il convient d'établir un accord entre |
pareils de communication. La méthode peut dépendre de la mise en ceuvre et n'entre p
ns le domaine d'application de la présente Norme. Les données doivent étre codées ¢

fopction de-lategle du composant sélectionné.

6

Structure du diagramme d’états de protocole FAL

Pour modifier

les données

Dans le présent article et ceux qui suivent, les FAL ASE sont caractérisés avec des modéles

de diagramme d'états de protocole (PM).

Bien que ce type de bus de terrain dispose de sa structure de PM, une table de mapping est
présentée ci-dessous pour la clarté de la compréhension (voir Tableau 4). Elle mappe la
structure de ce type a la structure a quatre couches classique adoptée par la plupart des
autres types, contenant la PM de contexte AP, la FSPM, I'ARPM et la DMPM.

La Figure 10 présente la structure des PM.

permettant a l'utilisateur FAL de lancer une application de communication particuliére.

Il existe un diagramme d'états de contexte AP défini de maniere formelle (APC SM)
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Il n'existe aucune définition de FSPM faisant simplement office d'interface entre
l'utilisateur FAL et 'ARPM. Seuls deux types de machines protocolaires sont définis:

e un ensemble de machines de commande d'appareil de terrain (FDC PM) faisant office
de maitre, d'esclave et de moniteur pour les utilisateurs du service FDC;

e une paire de machines de message (MSG PM) faisant office de demandeur et de
répondeur pour les utilisateurs de service de message.

Deux types différents de machine ARPM sont définis au niveau de l'interface de la
Couche liaison de données (DLL):

e un type de machine ARPM pour les relations entre applications sans connexion’enfre
les classes de demandeur et de répondeur du service de messages.

Il n'existe aucune définition formelle de la machine protocolaire de mapping.DLL (DMPM),
unifiée dans I'ARPM ou I'APCSM. Les services DL sont utilisés directement,par I'ARPM ou

I'APCSM.
Lg FDCPM est censée fonctionner dans le FDC ASE. De méme, |a’MSGPM est censge
fonpctionner dans le MSG ASE, I'ARPM dans I'AR ASE et I'AP-CONTEXT SM dans le FSM
ASE.
Tableau 4 — Mapping des diagrammes d’états de protocole
[ype d'AP ASE Classe activée Machine'protocolaire Mapping a une structdre
classique pour la
plupart des autres typgs
AR du FSM ASE FieldbusSystemManager | APC SM AP-Context-PM
maitre C1 FDC ASE Master FDC PM-M FSPM
MSG ASE Requester MSG PM-RQ FSPM
Responder MSG PM-RS
AR ASE FDCMaster-AR ARPM-FDCM ARPM avec DMPM
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
AH de FSM ASE FieldbusSystemManager | APC SM AP-Context-PM
l'epclave FDC ASE Slave FDC PM-S FSPM
Monitor (option) FDC PM-MN
MSG ASE Responder MSG PM-RS FSPM
AR ASE FDCSlave-AR ARPM-FDCS ARPM avec DMPM
FDCMonitor-AR ARPM-FDCMN
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
AH du FRSM"ASE FieldbusSystemManager | APC SM AP-Context-PM
mitre ©2 FDC ASE Monitor FDC PM-MN FSPM
MSG ASE Requester MSG PM-RQ FSPM
Responder MSG PM-RS
AR ASE FDCMonitor-AR ARPM-FDCMN ARPM avec DMPM
Message-AR ARPM-MSG
EVM ASE EventManager n/a n/a
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Figure 10 — Structure des diagrammes d*états de protocole FAL

Diagramme d'états de contexte AP (ARC SM)

A Présentation

Unp contexte d'AP est un ensemble d'informations et de régles relatives a un systéme

cd
dy
cd
dl

cd

mmunication. |l doit étre créé par des instructions provenant d'un utilisateur FAL a I'app

processus d'application (AP)\~"Par exemple, il peut contenir les paramétres
mmunication sélectionnés, eny fonction de la configuration du systéme, un domai
bpplication du systéme, «le "~ profil de [I'appareil et les différences d'aptitudes
mmunication entre I'appareil et ses homologues.

Dans ce modéle ASE, il convient qu'une FAL conserve les informations mentionnées

dq
in
of:
sU
lole

ok

ssus dans les/attributs de la classe FieldbusSystemManager, conformément a

rmettre de caractériser les types d'AP (le maitre C1, le maitre C2, I'esclave et l'esclave
rveillance;par exemple). De plus, il convient de pouvoir configurer d'autres paramétres
mmunication et le profil d'appareil (un servo-commande, un onduleur ou un appareil d'E/
r exemple) afin d'établir I'environnement de communication.

Ll

structions et Configurations de l'utilisateur. 1l convient que les informations puissent

e
el
e
ne
e

Cl

X

e
e
Sl

PCSM doit contrdler une série de transitions d'état dans Incnllnllnc un nnnnrnll démard

ﬂ

L'APCSM doit obtenir les données de contexte AP auprés de Iutlllsateur FAL et doit initialiser
la FAL et la couche inférieure avec le contexte. En conséquence, elle doit établir une
communication constante. L'APCSM réalise le service que le FSM ASE offre.

L’APCSM peut ne pas modifier directement une APDU ni ne réalise un protocole pour
transférer des PDU. Toutefois, elle peut indirectement agir comme un déclencheur d'échange
de PDU en utilisant I'autre service ASE et le service de couche inférieure lors du processus

d'i

nitialisation de la FAL.

La Figure 11 présente le schéma d'états APCSM.
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E7 -E11,
E14, E15 or
E16
FT3

E7-EI6 Is’
/T7 \

Légende
Anglais Francgais
any state n'importe quel état
Cleared Annulé
Creating En cours de création
Created Créé
Activating ER cours dactivation
Active Actif
E7 —E11, E14, E150r E16 / T3 E7 —E11, E14, E150u E16 /T3

Figure 11 — Schéma d'états de I'APCSM

7.2 Descriptions des états

Le Tableau 5 décrit chaque état de 'APCSM.
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Tableau 5 — Descriptions des états de I'APC SM

S#

Etat

Sous-état

Description

SO

Annulé -

Etat qui est celui de la classe FieldbusSystemManager
du FSM ASE qui vient d'étre instancié comme ce
diagramme d'états

Toutes les entités de chaque couche et les ASE de
I'appareil sont réinitialisés, et le contexte AP est annulé.

S1

En cours de création

Etat transitoire dans lequel le contexte AP ou
I'environnement de communication est généré, selon

I'entree CONTEXT-DATA et le resultat de la negociation
entre les appareils correspondants

S2

Créé -

Etat dans lequel le contexte AP a été généré

S3

En cours d'activation | -

Etat transitoire dans lequel les entités de chaque’couche
et les ASE sont activés de maniére séquentielle

sS4

Actif -

Etat permanent dans lequel toutes les entités sont
activées et les services normaux de.communication
fournis

7.8

Evénements déclencheurs

Lg Tableau 6 répertorie chaque événement déclencheur de I APESM.

Tableau 6 — Evénements déclenchéeurs de I'APC SM

B# Evénement déclencheur: Source de Parameétres associés Description

primitive ou condition 'événement
E1 FSM-Reset.req Utilisateur EAL
E2 FSM-GetStatus.req Utilisateur FAL | INFO-ID
E3 FSM-SetContext.req Utilisateur FAL | CONTEXT-DATA
E4 FSM-GetContext.req Utilisateur FAL
E5 FSM-Start.req Utilisateur FAL
EQ <s>-Open.cnf <s> ASE ServiceStatus
E7 DLM-SET-VALUE.cnf DLM Result
ES DLM-GET-VALUE.enf DLM Result, Val
EZ DLM-DELAY.ind DLM Delay_Time
E10 DLM-DELAY ‘enf DLM Delay_Time
E1|1 DLM-SET*COMMODE.cnf DLM Result
E12 DLM-START.ind DLM Com_Mode, Cycle_time,

C2_stime, Max_Delay,
TM_unit
E13 DLM-START cnf DLM Result
E14 DLM_CLR-ERR.cnf DLM Result
E15 Ph-SET-VALUE.cnf PhL
E16 Ph-GET-VALUE.cnf PhL Value
E17 APC-Created APCSM Evénement interne
(état S1)

E18 APC-Activated APCSM Evénement interne

(état S3)
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Les spécifications particuliéres selon la mise en ceuvre n'entrent pas dans le domaine
d'application de la présente Norme (le processus d'initialisation, la temporisation d'activation
et les différents parametres de communication de chaque couche et des ASE, par exemple).
L'action connexe est simplement présentée au Tableau 7.

Tableau 7 — Transitions de I'APC SM

T#

Etat

Evénement (arguments) [conditions]

Etat

source

| action

cible

T

(n'importe quel état)

E1:FSM-Reset.req

/ Ph-RESET.req;

DLM_RESET.req;

EVM-Reset.req;

for all AR ASE objects { AR-Reset.req;};

for all FDC ASE objects { FDC-Reset.req};
for all MSG ASE objects { MSG-Reset.req} ;

S0:Annulé

T2

S0: Annulé

E3: FSM-SetContext.req (CONTEXT-DATA)

/ I*-- APCSM starts initializing PhL

-- with Ph-SET-VALUE.req

__*/;

/*-- APCSM starts initializing DLL

-- with DLM_SET_PAR.req

-- and DLM_DELAY.req

__*/;
for all AR ASE objects { AR-Open-teq;};
for all FDC ASE objects { FDG-Open.req};
for all MSG ASE objects { MSG-Open.req};

S1: En cours dg
création

T3

S1: En cours de

création

E7, E8, E9, E10, E11, E145E15, or E16

/ I*-- APCSM keeps initializing PhL, DLL, and FAL --*/;
/*-- If initializing procedures have finished,

-- E17:APC-Created’is issued.

__*/;

S1: En cours d¢
création

T4

S1: En cours de

création

E17:APC-Created
/| FSM-SetContext.cnf;

S2: Créé

TH

S2: Créé

E4:FSM-GetContext.req
/ FSM4GetContext.cnf;

S2: Créé

TQ

S2: Créé

E5:FSM-Start.req
IJ3- start activating PhL --*/;
/*-- start activating DLL --*/;
EVM-Enable.req;
for all AR ASE objects { AR-Enable.req;};
for all FDC ASE objects { FDC-Enable.req};
for all MSG ASE objects { MSG-Enable.req};

S3: En cours
d'activation

T7]

S3: En _cours
d'activation

E7, E8, E9, E10, E11, E12, E13, E14, E15, or E16
/ I*-- APCSM keeps activating PhL, DLL, FAL --*/;
/*-- If activating procedures have finished,

-- E18:APC-Activated is issued

__*/;

S3: En cours
d'activation

T8

S3: En cours
d'activation

E18: APC-Activated

[ ESM_Start cnf:
+—F T taH GRS

S4: Actif

T9

S4: Actif

E2: FSM-GetStatus.req (INFO-ID)

/ I*-- APCSM reads appropriate status info for INFO-ID,
-- using Ph-GET_VALUE.req,

-- DL_GET_STATUS. req,

-- DLM_GET_ERR.req

-- or other service primitives

__*/;

FSM-GetStatus.cnf;

S4: Actif

T10

S4: Actif

FSM-GetContext.req
/ FSM-GetContext.cnf;

S4: Actif
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8 Machines protocolaires de service FAL (FSPM)

8.1

Présentation

Si la FSPM regoit une primitive de demande de service ou une primitive de réponse provenant
d'un utilisateur FAL, elle doit modifier une APDU provenant d'une SDU comme le parametre
des primitives, puis demander a I'ARPM de la transmettre. Elle doit également retirer une
SDU de I'APDU regue par I'ARPM afin de la livrer a I'utilisateur FAL comme une primitive
d'indication ou une primitive de conformité.

De¢ux types de services d'application (FDC ASE et MSG ASE) peuvent étre proposés|a

I'dtilisateur FAL dans la FAL de Type 24 (voir CEIl 61158-5-24), et la FSPM peui“éfre

cdmposée de deux types de PM (FDC PM et MSG PM) correspondant aux ASE.

8.2 Machine protocolaire de commande d'appareil de terrain (FDC PM)

8.2.1 Présentation du protocole

Lg FDC PM est un diagramme d'états de protocole (PM) qui réalise les\Services fournis par|le

FIDC ASE. Les protocoles sont classés comme indiqué au Tableau 8.

Tableau 8 — Mode de protocole FDC
Mode de Etat de Type de commande Description
transmission communication communication
(par la DLL)
Gyclique Communication Commande de type.de Le FDC ASE (maitre et esclave) doit
synchrone communication informer I'utilisateur du déclenchement d'u
(Sync) synchrone événement dans chaque cycle de
(commande<synchrone) | communication avec FDC-ComCycle.ind.

L'utilisateur du maitre FDC peut mettre a
jour une commande suivante vers I'AP
esclave dans chaque cycle de
communication pour demander son transfeft
sans attendre la réponse de fin de processps

(FDC-Command.cnf) adressée a la
commande précédente.

L'esclave FDC doit recevoir une commandg
de la part du maitre dans chaque cycle de
communication et la transmettre a
I'utilisateur de I'esclave FDC avec FDC-
Command.ind. Il convient que ['utilisateur
traite la commande, puis renvoie la répons
(FDC-Command.rsp) dans le cadre d'un
cycle de communication.

Commande de type de
communication
asynchrone
(commande
asynchrone)

Le FDC ASE (maitre et esclave) doit
informer I'utilisateur du déclenchement d'uj
événement dans chaque cycle de
communication avec FDC-ComCycle.ind.

Il convient que I'utilisateur du maitre FDC
demande le transfert d'une commande verg

I'AP esclave dans chaque cycle de

communication en attendant la réponse de
fin de processus adressée a la commande
précédente. Il convient de conserver le
contenu de la commande tant que

I'utilisateur n'a pas regu la réponse de fin de

processus.

L'esclave FDC doit recevoir une commande
de la part de I'AP maitre dans chaque cycle

de communication et la transmettre a
I'utilisateur. Il convient que I'utilisateur

renvoie une réponse correspondante (FDC-
Command.rsp) avec un état de progression

de la commande (cmdRdy) dans chaque
cycle de communication, et il convient qu'il

n'accepte pas une nouvelle commande tant

que la commande de traitement n'est pas
terminée.



https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

- 186 — IEC 61158-6-24:2014 © IEC 2014

Mode de Etat de Type de commande Description
transmission communication communication
(par la DLL)
Communication Commande asynchrone | Le FDC ASE (maitre et esclave) doit
asynchrone informer I'utilisateur du déclenchement d'un
(Async) événement dans chaque cycle de

communication avec FDC-ComCycle.ind.
Lorsque l'utilisateur du maitre FDC demande
le transfert d'une commande vers I'AP
esclave, il peut attendre la réponse de fin de
processus correspondante adressée a la
commende-précédente—Enattendant—
convient que I'utilisateur ne demande pas,le
transfert d'une commande mise a jour.
L'esclave FDC peut recevoir une commande
provenant de I'AP maftre dans chaque cycl
de communication. L'esclave FDC)doit
transmettre la commande & I'Utilisateur suife
a la mise a jour de son contenu. Il convienf
que l'utilisateur renvoie une réponse
correspondante (FDG-Command.rsp) avec
un état de progressiopde la commande
(cmdRdy) dans ch@gque cycle de
communication{/4l ne doit pas accepter une
nouvelle comfmande tant que la commande
de traitement n'est pas terminée.

w

Hvent-driven Async Commande asynchrone | Le FDCASE (maitre et esclave) ne doit pag
(féclenché par informer ['utilisateur d'un événement dans §in
I'Bvénement) cyclenormal, car aucun cycle de

communication n'est généré.

Si 'utilisateur du maitre FDC demande le
transfert d'une commande, il convient qu'il
attende la réponse de fin de processus
correspondante pour la commande
précédente et il convient qu’il ne transfére
pas de commande mise a jour.

L'esclave FDC doit transmettre a I'utilisate
la commande regue de I'AP maitre. Il
convient que I'utilisateur ne renvoie pas de
réponse ni n'accepte de nouvelle commande
tant que le traitement de la commande regl
n'est pas terminé ou que la durée de
traitement prédéfinie n'est pas écoulée.

=

(0]

8.R.2 Mode de communication cyclique
8..2.1 Spécifications communes de communication cyclique

Enf mode de_communication cyclique, un événement doit étre généré dans une périogle
cdnstante, appelée cycle de communication. Le processus de communication fourni par |le
FIDC ASE )doit étre exécuté de maniere répétée avec cet événement. Le cycle de
cgmmunication doit émaner du cycle d'un multiple entier du cycle de transmission géré par|la
Couche’liaison de données.

Il convient que le cycle de transmission soit un événement de cycle constant généré avec le
compteur d'exécution périodique synchronisé avec tous les appareils.

Le cycle de communication doit commencer une fois la connexion établie entre le maitre et
I'esclave. Par conséquent, avant d'établir la connexion (méme en mode de communication
cyclique), le processus de communication ne peut pas étre synchronisé avec le cycle de
communication (sauf le cycle primaire ou le cycle de transmission), seule la communication
s'appuyant sur certaines commandes de type asynchrone pouvant étre exécutée.

Le protocole d'établissement et de libération de la connexion doit également étre fourni sous
la forme de services FDC ASE.
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Le cycle de communication du FDC ASE peut avoir un impact sur le processus utilisateur
('AP maitre C1 ou I'AP esclave, par exemple). Voir Figure 12, Figure 13.

Uszer Process
{GT master AP)

Communication cycle

K FDC—CGomGyoleind

& FOC-ComGCyele.ind

< Input
FOC-

| Command.cnf

Prog essing>< Output >
FDC

Elc:m"rarl:i.rr_‘q\

{

FDC PM
(mastar)

AR

CyecleEvent.ind

/

A |nroU

.-'f
i AFDC-DataExchange.req

APDIL
AR-CyelaEvartind

_x/f FOG-DataExchange.req

e S R s R s R i e — = = W\

ARPM “h FDE—DateExchange.enf i FG“DataExchange. cnf
|FOC master) el i I
APDU 1| i : APTILI
o 3 I_ N
Légende
Anglais Francgais

Communication cycle

Cyglede communication

User Process (C1 master AP)

Processus utilisateur (AP maitre C1)

Input Entrée
Processing Traitement
Output Sortie

FDC PM (master)

FDC PM (maitre)

ARPM (FDC master)

ARPM (maitre FDC)

Par exemple, dans

Cc

N(

le maitre C1,

Figure 12 — Exemple de cycle de communication de I'AP maitre FDC

la synchronisation de sortie de commande,
syinchronisation d'entrée de réponse et la synchronisation de traitement des données peuve]
étre gérées de maniére plus efficace si elles sont traitées avec I'événement de cycle (FD
bmCycle.ind)s. comme indiqué a la Figure 12.

TE La Figure 11 et la Figure 12 sont présentées a titre informatif.

la
nt
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Communication cycle

K FOC—GomGyoleind

A FOC-ComGCycleind
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User Process :
(slave AP < Input Processing Qutput >
V3 2
f FDC FDC- %,
I,I'C{:rnrr'and.ind Command.rap \‘\
|II ll“l
FOC PM / X
(slave)
A AELL AUl
CycleEvent.ind AR-CyelaEvent.ind
" \
v DG DataExchange.reqg ¥ FDC-DataExchange.req
Y ra
ARPM FDC—-DataExchange onf z_/"l FOC-Datakxchange cnf
(FOC slave) v _i I ]
APDU ‘I | : APDIL
|
I_ R I_ R
Légende
Anglais Francais

Communication cycle Cycle de communication

User Process (slave AP) Processuscutilisateur (esclave AP)

Input Entree
Processing Traitement
Output Sortie

FDC PM (slave)
ARPM (FDC slave)

FDC PM (esclave)
ARPM (esclave FDC)

Figure 13 — Exemple de.cycle de communication de I'AP esclave FDC

D¢ la méme maniére pour,K I'AP esclave, la temporisation d'entrée de commande, (la
temporisation de sortie de. réponse et la temporisation de traitement des données peuvent
étre gérées de maniére plus-efficace si elles sont traitées comme indiqué a la Figure 13.

8.2.2.2 Etat de communication synchrone (SyncConnected)

Lg mot "synchrone" utilisé dans les expressions "état de communication synchrone" [et
"cpmmande -de."type de communication synchrone" signifie qu'il convient de lancer ¢u
d'exécuter~de maniére cyclique les processus utilisateur qui émettent les commandes danps
cgs états,-et de synchroniser le processus de communication FDC ASE avec le cycle de
cdmmdnication avant de I'exécuter périodiquement.

Il convient que TAP maitre et TAP esclave demandent respectivement Te fransfert dune
commande et le transfert d'une réponse une seule fois dans chaque cycle de communication
lorsque la FDCPM est a I'état de communication synchrone. Dans ce cas, il convient que I'AP
maftre et I'AP esclave surveillent mutuellement I'état de leur activité de synchronisation grace
a un compteur ou un champ _WDT (horloge de surveillance) sur chaque SDU.

Si I'AP maitre transfere au moins deux fois sans interruption des commandes de type
synchrone, il peut demander a les transférer I'une aprés l'autre dans chaque cycle de
communication sans attendre de recevoir la réponse correspondante. |l convient que I'AP
esclave traite la commande synchrone dans le cadre du cycle de communication dans lequel
elle a été recue, puis transmette la réponse. L'AP maitre et I'AP esclave peuvent échanger ce
type de commande et de réponse avec le compteur WDT afin de reconnaitre qu'ils sont
synchronisés l'un avec l'autre.
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La Figure 14 présente le chronogramme de la communication de commande synchrone.

C1 Master
AP Slave AP
FDC FDC
Master Slave
FDC-ComCycleind | | FDC-ComCycle.ind
{the rests are omitted) , (the rests are omitted)
| i ?
EDC-Caniandrag i ;L Communication Gycle
R e
CMD-PDU —— EﬁDG—Enmmaﬂd.md
FDC-Command.req I-é_ _ _{:_,:;*—0 ”FDG—Gnmmand.rsp
FDC-Command.anf - RSP-PDU - ﬁfDG—Gammand.md
FDC-Command.req —F;:_:ﬁ__ :’:';*—< = ?DG—Eﬂmmand.rsp
FDC-Command.enf -— & o L w ' FDC-Command.ind
3
FOC-Commandreq ————®—__ Y ?DG—Eammand.rsp
F
FDC-Command.cnf --—— [« Tl N e FDC-Command.ind
4
. p SE—— - ; ]
FDC-Command.req ___:___:5_&'__;'_::3*—< FDC Command.rsp
FDC-Command.cnf -—— [a& T . FOC-Command.ind
Légende
Anglais Frangais
C1 Master AP AP maitre C1
FDC Master Maitre FDC
FDC Slave Esclave FDC
Slave AP AP esclave
(the rests are©mitted) (le reste est ignoré)
Communieation Cycle Cycle de communication
Figure 14 — Communication de commande synchrone a I'état de synchronisation
Si IAP maitre transfére une commande de type asynchrone |I conwent qU|I demande

commande precedente en indiquant que le processus s'est termme par "cmdRdy-bit = 1"
"commande préte".

Toutefois, méme dans ce cas,

transfert de la commande avec le méme contenu dans chaque cycle de communication.
convient que I'AP esclave demande le transfert de la réponse avec un "cmdRdy-bit = 0" ou
une "commande occupée", de sorte que chaque surveillance de I'état synchronisé grace au

WDT soit un succeés.

il convient que I'AP maitre demande en permanence le

NOTE Les termes tels que "commande de type synchrone" et "commande de type asynchrone" permettent de
préciser si le processus utilisateur est exécuté lors de la synchronisation avec le cycle de communication ou pas.
D'autre part, du point de vue de la gestion des transactions pour la commande et la réponse, on peut affirmer que
la commande de type synchrone traite les transactions asynchrones, et inversement.


https://iecnorm.com/api/?name=b2299ada2f49ca69e4e32a7396e5c3a4

-190 -

IEC 61158-6-24:2014 © IEC 2014

La Figure 15 présente le chronogramme de la communication de commande asynchrone a
I'état synchrone.

Cl1 Master
AP Slave AP
FDC FOG
Master Slave
FDG-ComGyole.ind - | FDC-ComCycleind
(the rests are omitted) T ithe rests are omitted)
= i ] | CommuaisationCyele
C-Command.req [change! —h:'“—'“a-_._—_:_— _ ik
e e, i ind [ }
CMD-POL ~ FDC-Command.ind (chapge
FDC-Command.req (no change) — — — — h-; - - -;""l' — —— = =" FDC<Command.rsp Husd
s
- (bus EECAS O o T e it & ind'¥ }
FOC-Command.cnf (busy) - REP-POU - :FDC C | mand.ind tad change
FDC-Command.req (no change) — — —— 'I'"; - — ;-'l- — ——— =" FDC-Commaddrsp (busy)
FOC-Command.cnf (busy) - —— — &~ - [ S \FDC—é&mmal*d.iﬂd [no change]
FDC-Command.req (no change] — — — — == fw-'l—*’r-"‘f:'r_}c—Carrma-1d.rsp [ready)
T =
FDC-Command.enf (ready] --—|& T —— — . FOC Command.ind (no change!
FDC-Command.req (change) —Fe _}#;*—9 < T—I’_}C—Cammawd.rsp (ready)
FOG-Command.cnf (ready] -—a— & [ . FDC-Command.ind (change)
Légende
Anglais Francgais
C1 Master AP AP maitre C1
FDC Master Maitre FDC
FDC Slave Esclave FDC
Slave AP AP esclave
(the rests are omitted) (le reste est ignoré)
Communication Cycle Cycle de communication
(no change) Aucun changement
(busy) Occupé
(ready) Prét
Figure 15 — Communication de commande asynchrone a I'état sync
8..2.3 Etat de communication asynchrone (AsyncConnected)
Mgme”a I'état de transmission asynchrone, le processus de communication du FDC ASE doit

étre périodiquement synchronisé avec le cycle de communication, car il est en mode de
communication cyclique. Dans ce cas, il convient que I'AP maitre et I'AP esclave n'utilisent
pas de champ _WDT (horloge de surveillance: WDT) sur chaque SDU pour surveiller I'activité
de synchronisation.

Par conséquent, I'événement périodique constant avec FDC-ComCycle.ind peut étre notifié
au processus utilisateur dans chaque cycle de communication. Toutefois, on peut ne pas
toujours synchroniser le processus utilisateur avec I'événement.

Dans cet état, le FDC ASE doit doter le processus utilisateur de commandes de type
asynchrone uniquement. Par conséquent, I'AP mafitre peut transférer une nouvelle commande
uniqguement aprés avoir confirmé la réponse de fin de processus correspondant a la
commande de transfert.
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La Figure 16 présente le chronogramme de I'état de communication asynchrone.

C1 Master
AP Slave AP
FDG FDG
Master Slave
FRG-ComCycleind J FDC-ComCycleind
(the rests are omitted) T (the rests are omitted)
BOH B artimnt v sy e Communication Cycle
= _:—:*__ _
= EE——— " e Teharay
CMD-POL ,j___fﬁDC Command.ind (change)
be B et s rDtﬁ:nrrand.rﬁn [ busid
== :53_—:— — 3
. i = oy e 2o - '\-\.L_ R A ey ko L % 1 s :
FOC-Command.cnf (busy) - REP-PDU - :FDC C‘JI mand.ind {Ag\change
— — % ———— = FDC-Commandgsp sy
e -
FOC-Command.crf (busy) - —— — &~ B e \FDC—é}mmard.iwd [no change]
b h;:_{_:fiﬂ—e-"‘?uc—(:mrma-1d.rsp [ready)
FDC-Command.onf (ready) -a——«& T — — — e FDORGommand.ind (no change)
FOC-Commandreqg (change) ———We e —— 'E-Dﬁ—Camﬂawd.rsp [ready]
FDC-Command.onf (ready) -— & Tl e FDC-Command.ind (change)
Légende
Anglais Frangais
C1 Master AP AP maitre C1
FDC Master Maitre FDC
FDC Slave Esclave FDC
Slave AP AP esclave
(the rests are omitted) (le reste est ignoré)
Communication Cycle Cycle de communication
(change) Changement
(busy) Occupé
(ready) Prét
(no change) Aucun changement
Figure 16 — Communication de commande asynchrone a I'état async
8.2.3 Mode de communication déclenchée par les événements

Enmode de communication déclenchée par les événements le FDC ASE peut ne comporter

aucun cycle de communication et le processus de communication ne doit pas étre exécuté de
maniére cyclique. L'horloge réseau ne peut pas fonctionner non plus.

Dans ce mode, le FDC ASE ne fournit aucun service lié a la commande de type synchrone, et
le processus utilisateur peut uniquement utiliser les commandes de type asynchrone. L'AP
mafitre peut demander le transfert non périodique d'une commande a chaque fois que la
transaction de commande précédente est déja terminée.

La Figure 17 présente le chronogramme du mode de communication déclenchée par les
événements.
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C1 Master

AP FDC FDC Slave AP
Master Slave
FDC-Command.req M
e e ———— FDC-Command.ind
CWRID=FDu
B " FDC-Commandrsp
~ : -
FDC-Command.eonf --4———— RSP-PDU
(irregurally)
FDC-Command.reqg - -
i I-m\FD C-Command.ind
'|
_f__‘__._.--l—f/FDG—Dﬂmmand_rsp
FOC-Command.cnf - -~
Légende
Anglais Frangais
C1 Master AP AP maitre C1
FDC Master Maitre FDC
FDC Slave Esclave FDC
Slave AP AP esclave
irregurally irrégulierement
Figure 17 — Communication déclenchée par les événements
8.p.4 Machine protocolaire maitre (FDCPM-M)
8.R.aA Descriptions des états

La Figure 18 présente le schéma d'états FDCPM-M et le Tableau 9 décrit chaque état de la
FDCPM-M.
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Légende

E0/Tid4
NS s
ES/T12.1,
E4/T123 7
E15/T10, 521
E12:T11
L ) E1D/T1211 ER/TIZE
W
ET/Tig E14/TG E1EN14
53 5yneCarfiacted
E10/T16.3
8 TI6.2
- 1 e
E15/T15
E10 ;I'1E.E A

Anglais

Francais

(any state)

(n'importe quel état)

Disconnected

Déconnecté

Figure 18 — Schéma d'états de la FDCPM-M

Tableau 9 — Descriptions des états de la FDCPM-M

L0

Etaf

Sous-état

Description

S

Désactivé

Etat lorsque la classe maitre de FDC ASE (maitre FDC)
vient d'étre instanciée vers un objet tel que cette PM

La PM attend de terminer la création d'un contexte AP ef
de recevoir un Enable.requet de la part du FSM ASE.

Les valeurs Entry/Initial sont définies dans les attributs

de 'objet maitre.

S1

Déconnecté

Etat lorsque la connexion est libérée et que la PM attend
un Connect.request d'un utilisateur FAL

Dans la couche inférieure, une communication a été
démarrée.

Seules les commandes de contrdle de connexion
(CONNECT, DISCONNECT) et la commande NOP
peuvent étre transférées dans cet état.

Méme si la couche DL s'exécute en mode de
communication cyclique, le cycle de communication n'a
pas été notifié dans cet état car aucune connexion n'a
été établie.
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S# Etat Sous-état Description
S1.0 Repos Sous-état lorsque la PM attend de transférer une CMD-
PDU d'un utilisateur FAL
S1.1 WaitCMDComplete Sous-état lorsque la PM attend une réponse de fin de
commande provenant de I'AP esclave homologue
correspondant
S2 AsyncConnected - Etat de fonctionnement normal permettant de contrdler

un AP esclave ou une fonction d'un appareil de terrain
grace a l'esclave FDC homologue a I'aide d'une
commande de type asynchrone

Une connexion a l'esclave FDC est établie et un
événement de cycle de communication notifié par

I'AR ASE. Cet événement est transféré en tant que FDCH
ComCycle.ind vers I'AP maitre C1.

Toutes les commandes de type asynchrone\petvent étre
transférées dans cet état. Aucune commande de type
synchrone ne peut étre transférée.

SR.0 Repos Sous-état lorsque la PM attend une, démande pour
transférer une CMD-PDU d'un utiljsateur FAL
SR.1 WaitCMDComplete Sous-état lorsque la PM attehd une réponse de fin de
commande provenant de |"ABR esclave homologue
correspondant
S3 SyncConnected - Etat de fonctionnemenht/présentant la contrainte de temp$

la plus importante} _permettant de contréler un AP
esclave ou unefonction d'un appareil de terrain grace a
I'esclave FDG _homologue a I'aide de commandes
synchronges(et asynchrones

Une connexion a lI'esclave FDC a été établie et un
événement de cycle de communication notifié par

I'AR ASE. Cet événement est transféré en tant que FDCH
ComCycle.ind vers I'AP maitre C1.

Le compteur WDT de chaque CMD-PDU doit fonctionner
de maniéere a surveiller I'état de I'activité de
synchronisation de I'AP maitre C1. De méme pour le
compteur RWDT des RSP-PDU pour I'AP esclave.

Sj3.0 Repos Sous-état lorsque la PM attend de transférer une CMD-
PDU d'un utilisateur FAL
Si3.1 WaitCMDComplete Sous-état lorsque la PM attend une réponse de fin de
commande provenant de I'AP esclave homologue
correspondant
S4 Déconnexion - Etat lorsque la connexion est libérée en raison d'erreurs

de communication récurrentes ou parce que
I'utilisateur FAL le demande.

La PM attend afin d'éviter un dysfonctionnement du
systéme en guise de mécanisme de verrouillage, puis
revient a I'état S1 suite a la réception d'une demande de
reprise de la part de |'utilisateur (ResumeCycle.req).

8.242—  Evénements déciencheurs

Le Tableau 10 répertorie chaque événement déclencheur de la FDCPM-M.

Tableau 10 — Descriptions des événements déclencheurs de la FDCPM-M

E# Evénement déclencheur: Source de Paramétres associés Description
primitive ou condition I'événement
E1 FDC-Reset.req FSM ASE
E2 FDC-Open.req FSM ASE AREPID
E3 FDC-Enable.req FSM ASE TransmissionMode
E4 FDC-Connect.req Utilisateur FAL Update, CONNECT-CMD-
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E# Evénement déclencheur: Source de Paramétres associés Description
primitive ou condition I'événement
(AP maitre C1) Sbu
E5 FDC-SyncSet.req Utilisateur FAL Updata, SYNC_SET-
R CMD-SDU
(AP maitre C1)
E6 FDC-Disconnect.req Utilisateur FAL DISCONNECT-CMD-SDU
(AP maitre C1)
E7 FDC-ResumeCycle.req Utilisateur FAL
(AP maitre C1)
ES FDC-Command.req Utilisateur FAL Update, CMD-SDU
(AP maitre C1)
E9 FDC-DataExchange.req AR ASE (FDCM- RSP-SDU
AR)
E10 AR-CycleEvent.ind AR ASE (FDCM- NetworkClock
AR)
E1 AR-SendCommand.cnf AR ASE (FDCM- ServiceStatus, RSP-SDU
AR)
E1|2 Erreur détectée Cet objet Voir 8.2.7 et les notefs
du Tableau 11
Les défaillances WD[
sont détectées deux
fois en série a I'état
SyncConnect.
Par ailleurs, les
défaillances sont
détectées en continu|a
I'état AsyncConnect.
E13 EventConnectRSP Cet objet état Unsigned16 Notification de la souys-
hi
(sous-machine) rsdu_CONNECT-RSP- | Tacnine
PDU
E14 EventSyncSetRSP Cet objet état Unsigned16 Notification de la soys-
hi
(sous-machine) rsdu_SYNC_SET-RSp- | maenine
PDU
E15 EventDisconnectCMD Cet objet csdu _DISCONNECT- Notification de la soys-
. CMD-PDU machine
(sous-machine)
8.2.4.3 Descriptions des actions aux transitions d'état
Lg TableauyM décrit les transitions d'état du diagramme d'états principal de la FDCPM-M. De
plps, le<ableau 12 décrit les transitions d'état de la sous-machine de la FDCM-M.
Tableau 11 — Transitions du diagramme d'états principal de la FDCPM-M

T# Etat Evénement (arguments) [conditions] Etat
source | action cible
T1 (n'importe quel état) | E1:FDC-Reset.req S0:Désactivé
/
/*-- Clearing all attributes of the FDC master --*/;
T2 S0:Désactivé E2:FDC-Open.req S0:Désactivé
/
/*-- Initializing the FDC master --*/; a
T3 S0:Désactivé E3:FDC-Enable.req (communicationMode) S1:Déconnecté
/* Notifiying the DLL’s communication mode, initialized into
whether the cyclic mode or the event-driven mode. */
/ TransMode = communicationMode;
T4 S1:Déconnecté E1:FDC-Reset.req S0:Désactivé

/
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T#

Etat
source

Evénement (arguments) [conditions]
| action

Etat
cible

/*-- Clearing all attributes of FDC master --*/;

T5

S1:Déconnecté

E13:EventConnectRSP (status, rsdu)
[rsdu.rspBody.syncmode != 1]

/ AR-StartComCycle.req;

ProtocolVersion = rsdu.rspBody.ver ;
SyncMode = 0;

DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime =rsdu.rspBody.com_time ;
DevProfileType = rsdu.rspBody.profile type;

S2:AsyncConnected

To

S1:Déconnecté

E13:EventConnectRSP (status, rsdu)
[rsdu.rspBody.syncmode == 1]

/ AR-StartComCycle.req;

ProtocolVersion = rsdu.rspBody.ver ;
SyncMode = 1;

DTMode = rsdu.rspBody.dtmode;
SubCMDMode = rsdu.rspBody.subcmd;
ComTime =rsdu.rspBody.com_time ;
DevProfileType = rsdu.rspBody.profile_type;

S3:SyncConnegted

T7]

S1:Déconnecté

The other events
/
/*-- state-transition in the submachine --*/;

S1:Déconnecté

T

S2:AsyncConnected

E1:FDC-Reset.req
/
/*-- Clearing all attributes of FDC master --*/;

S0:Désactivé

T9

S2:AsyncConnected

E14:EventSyncSetRSP(status, rsdu)
/ WDT.LastMN = 0;

WDT.LastSN = 0;

RWDT.LastRMN = 0;
RWDT.LastRSN = 0;

S3:SyncConnegted

T10

S2:AsyncConnected

E15:EventDisconnectCMD (csdly
/ [*-- no-operation --*/;

S4:Déconnexioh

T

S2:AsyncConnected

E12: Errors occur contipuously @ 0:.C,

/ [*-- no-operation --*/;

S4:Déconnexioh

TR

S2:AsyncConnected

The other events
/
/*-- state-transition in the submachine --*/;

S2:AsyncConngcted

TIB

S3:SyncConnected

E1:FDC-Reset:teq
/
/*-- Clearing all attributes of FDC master --*/

S1:Désactivé

T

S3:SyncConnected

E12: Efrrors occur serially twice. P
/ [%-+ n6-operation --*/;

S2:AsyncConngcted

T

S3:SyncConnected

Ed5:EventDisconnectCMD (csdu)
N*-- no-operation --*/;

S4:Déconnexioh

T16

S3:SyncConnected

The other events
/
/*-- state-transition in the submachine --*/;

S3:SyncConnegted

T

S4:Déconnexion

E1:FDC-Reset.req
/
/*-- Clearing all attributes of the FDC master --*/

S1:Désactivé

T8

S4:Déeonnexion

E9:FDC-DataExchange.req (rsdu)
/ csdu.cmd = disconnect;
FDC-DataExchange.cnf (csdu);

S4:Déconnexioh

T19

S4:Déconnexion

E7:FDC-ResumeCycle.req
/

S2:Déconnecté

[* r‘ln:ring internal information related to the

communication cycle and alarm information --*/;

a

b Les implémenteurs utilisent un mécanisme de comptage ou de gestion des erreurs.
C  Lalimite de comptage de la durée d'erreur est laissée a la discrétion de I'implémenteur.

Le processus détaillé dépend de la mise en ceuvre du systéme.
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Tableau 12 — Transitions de la sous-machine de la FDCPM-M
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T#

Etat
source

Evénement (arguments) [conditions
| action

Etat
cible

T7.1

S1.0:Repos

E4:FDC-Connect.req (csdu)

/ LastCMD-SDU = csdu;

If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;

S1.1:
WaitCMDComplete

T7.2

S1.0:Repos

E6:FDC-Disconnect.req (csdu)
[ LastCMD-SDU = csdu;

S1.0: Repos

If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;

T7.3

S1.0:Repos

E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/]
/ LastRSP-SDU = rsdu;

csdu = LastCMD-SDU;

FDC-DataExchange.cnf (csdu);

S1,0;Repos

T7.4

S1.1:
WaitCMDComplete

E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm -4/
&& ((rsdu.rcmd !'= LastCMD-SDU.cmd) || (status.cmdRdy(!=

1)1
/ LastRSP-SDU = rsdu;

csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);

S1.1:
WaitCMDComplete

T7.5

S1.1:
WaitCMDComplete

E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/
&& (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy ==
1) && (LastCMD-SDU.cmd == connect)]

/ LastRSP-SDU = rsdu;

csdu = LastCMD-SDU;

FDC-DataExchange.cnf (csdu);

FDC-Connect.cnf (status, rsdu) ;

/*-- signal E13:EventConnéc¢tRSP to the main machine --*/;

Sortie vers la
machine princ|pale

T7.6

S1.1:
WaitCMDComplete

E11:AR-SendCommand.enf (status, rsdu) [/*-- status has no
alarm --*/ && (rsdu.rcmd/== LastCMD-SDU.cmd) &&
(status.cmdRdy != 1)]

/ LastRSP-SDU ='sdu;

csdu = LastCMD-SDU;

AR-SendCommand.req (csdu);

/* Comment: TransMode is EventDriven. */

S1.1:
WaitCMDComplete

T7.7

S1.1:
WaitCMDComplete

E11:AR-SendCommand.cnf (status, rsdu) [/*-- status has no
alarm **/ && (rsdu.rcmd == LastCMD-SDU.cmd) &&
(status.cmdRdy == 1) && (LastCMD-SDU.cmd == connect)]
ALkastRSP-SDU = rsdu;

csdu = LastCMD-SDU;

FDC-Connect.cnf (status, rsdu) ;

/*-- signal E13:EventConnectRSP to the main machine --*/;

Sortie vers la
machine princ|pale

T1]2.1

S2.0:Repos

E5:FDC-SyncSet.req (csdu)
/ LastCMD-SDU = csdu;

S2.1:
WaitCMDComplete

T1R.2

S2.0:Repos

E6:FDC-Disconnect.req (csdu)
/ LastCMD-SDU = csdu;

If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;

[*-- signal E15:EventDisconnectCMD to the main machine --*/;

Sortie vers la
machine princ|pale

T12.3

S2.0:Repos

E8:FDC-Command.req (csdu)
/ LastCMD-SDU = csdu;

If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;

S2.1:
WaitCMDComplete

T12.4

S2.0:Repos

E10: AR-CycleEvent.ind
/ FDC-ComCycle.ind

S2.0: Repos

T12.5

S2.1:
WaitCMDComplete

E6:FDC-Disconnect.req (csdu)
/ LastCMD-SDU = csdu;

If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;

/*-- signal E15:EventDisconnectCMD to the main machine --*/;

Sortie vers la
machine principale

T12.6

S2.1:
WaitCMDComplete

E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/
&& (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy !=

S2.1:
WaitCMDComplete
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T# Etat Evénement (arguments) [conditions Etat
source I action cible
]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu) ;
T12.7 S2.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ Sortie vers la
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy == machine principale
1) && (LastCMD-SDU.cmd == sync_set)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnt (csduy;
FDC-SyncSet.cnf(+);
/*-- signal E14:EventSyncSetRSP to the main machine --*/;
T12.8 S2.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S2.0:Repos
WaitCMDComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy ==
1) && (LastCMD-SDU != sync_set)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
FDC-DataExchange.cnf (csdu);
FDC-Commnand.cnf (+);
T12.9 S2.1: E11:AR-SendCommand.cnf (status, rsdu) [/*-- status has no S2.1:
WaitCMDComplete alarm --*/ && (rsdu.rcmd == LastCMD-SDU.cmd) && WaitCMDComplete
(status.cmdRdy != 1)]
/ LastRSP-SDU = rsdu;
csdu = LastCMD-SDU;
If (TransMode == EventDriven)
AR-SendCommand.req (csdu);
else /*-- no-operation --*/;
T12.10 S2.1: E11:AR-SendCommand.cnf (status;-rsdu) [/*-- status has no S2.0:Repos
WaitCMDComplete | alarm --*/ && (rsdu.rcmd == LastCMD-SDU.cmd) &&
(status.cmdRdy == 1)]
/ LastRSP-SDU = rsdu;
FDC-Commnand.cnf (+);
TIR.11 S2.1: E10: AR-CycleEvent.ind S2.1:
WaitCMDComplete | / FDC-ComCyclesind WaitCMDComplete
T16.1 S3.0:Repos E6:FDC-Disconnett.req (csdu) Sortie vers la
/ LastCMD-8PV = csdu; machine princ|pale
/*-- signal \E15:EventDisconnectCMD to the main machine --*/;
T16.2 S3.0:Repos E8:FDE~Command.req (csdu) S3.1:
|6 / LastGMD-SDU = csdu; WaitCMDComplete
T16.3 S3.0:Repos E@0:> AR-CycleEvent.ind S3.0: Repos
INFDC-ComCycle.ind
T16.4 S3.1: E6:FDC-Disconnect.req (csdu) Sortie vers la
WaitCMDCompléte * | / LastCMD-SDU = csdu; machine princ|pale
/*-- signal E15:EventDisconnectCMD to the main machine --*/;
T16.5 S3.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S3.1:
WaitCMRComplete | && (rsdu.rcmd == LastCMD-SDU.cmd) && (status.cmdRdy != WaitCMDComplete
] ou
/ LastRSP-SDU = rsdu; Sortie vers la
if (rsdu.rwdt.rsn != LastRSN) machine |
{/*-- signal E12 watchdog counter error to the main machine-- | Principale, si 12 a
*/} été émis.
else
{LastRSN = rsdu.rwdt.rsn;
csdu = LastCMD-SDU;
LastSN = LastRSN;
csdu.wdt.mn = LastMN;
csdu.wdt.sn = LastSN;
FDC-DataExchange.cnf (csdu) ;}
T16.6 S3.1: E9:FDC-DataExchange.req (rsdu) [/*-- rsdu has no alarm --*/ S3.0:Repos
WaitCMDComplete | && (rsdu.rcmd == CMD-SDU.cmd) && (status.cmdRdy == 1)] ou
/ LastRSP-SDU = rsdu; Sortie vers la
machine

if (rsdu.rwdt.rsn I= LastRSN)

{/*-- signal E12 watchdog counter error to the main machine --
15}

else

{LastRSN = rsdu.rwdt.rsn;

csdu = LastCMD-SDU;

LastSN = LastRSN;

principale, si E12 a
été émis.
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T# Etat Evénement (arguments) [conditions Etat
source I action cible

csdu.wdt.mn = LastMN;
csdu.wdt.sn = LastSN;
FDC-DataExchange.cnf (csdu) ;
FDC-Command.cnf (status, rsdu);}

T16.7 S3.1: E10: AR-CycleEvent.ind S3.1:
WaitCMDComplete | / FDC-ComCycle.ind WaitCMDComplete
LastMN++;
LastRSN++;
8.R.5 Machine protocolaire esclave (FDCPM-S)
8.2.5.1 Descriptions des états
Lg Figure 19 présente le schéma d'états FDCPM-S et le Tableau 13 chaque état de |la
FDCPM-S.
i ~O
il S1Disconnected ' - SbsyncConnected h
27
510
E13 i
E \/ s
E8/T7.9
EB/TT.10 T12.11,
r12.13
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W r S3:5ymeConnected ")
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(any state) (n'importe quel état)
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Figure 19 — Schéma d'états de la FDCPM-S
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