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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-13: Data-link layer protocol specification — Type 13 elements

FOREWORD

all national electrotechnical committees (IEC National Committees).
international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, IEC publishes International Standary
Technical Reports, Publicly Available Specifications (PAS) and Guides =
Publication(s)”). Their preparation is entrusted to technical committees; ap¥ 1k
in the subject dealt with may participate in this preparatory work
governmental organlzatlons Ilalsmg with the IEC also partlmpate in th

2) The formal decisions or agreements of IEC on technical mattgrs expres
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recommendations
Publications is accurate, IEC cannot be h
misinterpretation by any end user.

4) In order to promote international uniformity, IE i sjittees undertake to apply IEC Publications
transparently to the maximu si weir nati and regional publications. Any divergence

6) All users should eshedition of this publication.

7) No liability shall a
members of its tec

mployees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or

other damage of/any b hether direct or indirect, or for costs (including legal fees) and
expenses arising \out \of ublicati use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attention_is drawn {0 atiye references cited in this publication. Use of the referenced publications is
indispensa

9) Attention sibility that some of the elements of this IEC Publication may be the subject of

patent rights® C shal\not™®e held responsible for identifying any or all such patent rights.

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

International Standard IEC 61158-4-13 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-4 subseries cancel and replace
IEC 61158-4:2003. This edition of this part constitutes a technical addition, which also
replaces IEC/PAS 62408, published in 2005.

This edition of IEC 61158-4 includes the following significant changes from the previous
edition:
a) deletion of the former Type 6 fieldbus, and the placeholder for a Type 5 fieldbus data link

layer, for lack of market relevance; Documents
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b) addition of new types of fieldbuses;
c) division of this part into multiple parts numbered -4-1, -4-2, ..., -4-19.

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

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

FDIS Report on voting
65C/474/FDIS 65C/485/RVD

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

the report on

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

The committee has decided that the contents of this pubtication \wilkremain\ unchanged until

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

e amended.

NOTE The revision of this standanrd will b s other parts of the IEC 61158 series.

The list of all the
communication networ

9,

eries, under the general title Industrial
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INTRODUCTION

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

The data-link protocol provides the data-link service by making use of the services available
from the physical layer. The primary aim of this standard is to provide a set of rules for
communication expressed in terms of the procedures to be carried out by peer data-link
entities (DLEs) at the time of communication. These rules for communication are intended to
provide a sound basis for development in order to serve a variety of purposes:

a) as a guide for implementors and designers;

b) for use in the testing and procurement of equipment;

c) as part of an agreement for the admittance of systems into the ope
d) as a refinement to the understanding of time-critical commupicati

work together in any combination.

@
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-13: Data-link layer protocol specification — Type 13 elements

1 Scope

1.1 General

The data-link layer provides basic time-critical messaging communications between devices in
an automation environment.

This protocol provides communication opportunities to all participating‘data-linkentities

data-link entities.

Thus this protocol can be characterized as one whi
asynchronously but with a synchronous restart of eag

1.2 Specifications
This standard specifies

a) procedures for the timely transfer of d and information from one data-link user
entity to a peer user enf data entities forming the distributed data-

link service provider;

b) procedures for gif ¢ s\ oppgrtunities to all participating DL-entities,
sequentially and i forndeterministic and synchronized transfer at cyclic
intervals up @ i

c) procedures f i ication opportunities available for time-critical data

ime-critical data transmission without prejudice to the

d) procedure and acyclic communication opportunities for time-critical data
transmission with\pri ;

e) proc s for\giving \communication opportunities based on standard ISO/ IEC 8802-3
mediu > . with provisions for nodes to be added or removed during normal

operation;

f) the structure of the fieldbus DLPDUs used for the transfer of data and control information
by the protocol of this standard, and their representation as physical interface data units.

1.3 Procedures
The procedures are defined in terms of

a) the interactions between peer DL-entities (DLEs) through the exchange of fieldbus
DLPDUs;

b) the interactions between a DL-service (DLS) provider and a DLS-user in the same system
through the exchange of DLS primitives;

c) the interactions between a DLS-provider and a Ph-service provider in the same system
through the exchange of Ph-service primitives.

Documents
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1.4 Applicability

These procedures are applicable to instances of communication between systems which
support time-critical communications services within the data-link layer of the OSI or fieldbus
reference models, and which require the ability to interconnect in an open systems
interconnection environment.

Profiles provide a simple multi-attribute means of summarizing an implementation’s
capabilities, and thus its applicability to various time-critical communications needs.

1.5 Conformance

This standard also specifies conformance requirements for systems i
procedures. This standard does not contain tests to demonstrate
requirements.

enting these
se with such

2 Normative references

is standard. For

The following referenced documents are indispensable for
r latest edition of

dated references, only the edltlon cited applies. For

ISO/IEC 7498-3, Inforat/ s wstems Interconnection — Basic Reference

ISO/IEC 8802-3, I Telecommunications and information
exchange betweens) 3 yetropolitan area networks — Specific requirements —

Part 3: Carrier sepns 1 vith collision detection (CSMA/CD) access method and

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

3.1 Reference model terms and definitions

This standard is based in part on the concepts developed in ISO/IEC 7498-1 and
ISO/IEC 7498-3, and makes use of the following terms defined therein:

Documents
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3.1.1 DL-address [7498-3]
3.1.2 DL-address-mapping [7498-1]
3.1.3 called-DL-address [7498-3]
3.1.4 calling-DL-address [7498-3]
3.1.5 centralized multi-end-point-connection [7498-1]
3.1.6 DL-connection [7498-1]

3.1.7 DL-connection-end-point

3.1.8 DL-connection-end-point-identifier
3.1.9 DL-connection-mode transmission
3.1.10 DL-connectionless-mode transmission
3.1.11 correspondent (N)-entities

correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)

3.1.12 DL-duplex-transmission [7498-1]

3.1.13 (N)-entity [7498-1]

DL-entity (N=2)
Ph-entity (N=1)

3.1.14 DL-facility [7498-1]
3.1.15 flow control [7498-1]
3.1.16 (N)-layer [7498-1]
DL-laye =2
Ph-layer >
3.1.17 layer-mariagevw [7498-1]
3.1.18 2 iew [7498-3]

3.1.19 [7498-3]
3.1.20 essing)-domain [7498-3]
3.1.21 peer-entitie [7498-1]
3.1.22 primitive name [7498-3]
3.1.23 DL-protocol [7498-1]
3.1.24 DL-protocol-connection-identifier [7498-1]
3.1.25 DL-protocol-data-unit [7498-1]
3.1.26 DL-relay [7498-1]
3.1.27 reset [7498-1]
3.1.28 responding-DL-address [7498-3]
3.1.29 routing [7498-1]
Documents

Document Sharing Hub

Full document details: IEC 61158-4-13 2007


http://avadocuments2026.com/doc/iec-61158-4-13-2007
http://avadocuments2026.com/doc/iec-61158-4-13-2007

IEC 61158-4-13:2007 © IEC 2007 -1 -

3.1.30 segmenting [7498-1]

3.1.31 (N)-service [7498-1]
DL-service (N=2)
Ph-service (N=1)

3.1.32 (N)-service-access-point [7498-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

3.1.33 DL-service-access-point-address [7498-3]

3.1.34 DL-service-connection-identifier 498-1]

3.1.35 DL-service-data-unit
3.1.36 DL-simplex-transmission
3.1.37 DL-subsystem

3.1.38 systems-management

3.1.39 DLS-user-data [7498-1]

This standard also makes use of the follt efined-in ISO/IEC 10731 as they apply
to the data-link layer:

3.2.1 acceptor
3.2.2 asymmetrical sk

3.2.3 confirm (
requestorde

3.2.4
3.25
3.2.6
3.2.7
3.2.8
3.2.9 DL-non-confirmed-facility

3.2.10 DL-provider-initiated-facility
3.2.11 DL-provider-optional-facility

3.2.12 DL-service-primitive;
primitive

3.2.13 DL-service-provider
3.2.14 DL-service-user

3.2.15 DLS-user-optional-facility

Documents
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3.2.16 indication (primitive);
acceptor.deliver (primitive)

3.2.17 multi-peer

3.2.18 request (primitive);
requestor.submit (primitive)

3.2.19 requestor

3.2.20 response (primitive);
acceptor.submit (primitive)

3.2.21 submit (primitive)

3.2.22 symmetrical service

3.3 Data-link service terms and definitions

3.3.1

async-only CN

CN that is accessed only by polling

3.3.2

asynchronous period

second part of the Type 13 cycle, startingwith\a"s Qf asynachfonous (SoA) frame

N

jcatio

3.3.3

basic Ethernet mode
mode that provides legacy

3.3.4 Q
continuous

communication clas
to multiplexed)

s’communication takes place every cycle (the opposite

network nov K ability to manage the SCNM mechanism

3.3.6

cycle state machine
state machine that controls the data-link layer cycle and is itself controlled by the NMT state
machine which determines the current operating mode

3.3.7

cycle time
time between two consecutive start of cyclic (SoC) frames

NOTE The Cycle Time includes the time for data transmission and some idle time before the beginning of the next
cycle.

3.3.8

DLCEP-address
DL-address which designates either

a) one peer DL-connection-end-point, or Documents
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b) one multi-peer publisher DL-connection-end-point and implicitly the corresponding set of
subscriber DL-connection-end-points where each DL-connection-end-point exists within a
distinct DLSAP and is associated with a corresponding distinct DLSAP-address

3.3.9

DL-segment, link, local link

single DL-subnetwork in which any of the connected DLEs may communicate directly, without
any intervening DL-relaying, whenever all of those DLEs that are participating in an instance
of communication are simultaneously attentive to the DL-subnetwork during the period(s) of
attempted communication

3.3.10

DLSAP

distinctive point at which DL-services are provided by a single DL-epnt hgle higher-
layer entity

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to fa€ilitate 5 g he critical

distinction between DLSAPs and their DL-addresses.

3.3.11

DL(SAP)-address
either an individual DLSAP-address, designating a
group DL-address potentially designating multiple-t

NOTE This terminology is chosen because 1S
designate more than a single DLSAP at a singl

3.3.12

(individual) DLSAP-addre

DL-address that designatés o extended link

NOTE A single DL-entity e i F ¢'s associated with a single DLSAP. (See Figure 1.)

9,

Documents

Document Sharing Hub

Full document details: IEC 61158-4-13 2007


http://avadocuments2026.com/doc/iec-61158-4-13-2007
http://avadocuments2026.com/doc/iec-61158-4-13-2007

-14 - IEC 61158-4-13:2007 © IEC 2007

DLS-user-entity DLS-user-entity

DLS-users

DLSAP DLSAP
/ - - AN
‘s, P AN
DLSAB- Ngroup DL~ DLSAP-
addresses address

address

DL-layer DL-entity \ \‘

Ph-ayer

NOTE 1 DLSAPs and PhSAPs are depicted as©Ovals spa
all g
LSAP-addresses and group DL-addresses associated with a

NOTE 2 DL-addresses are depicted as designating

NOTE 3 A single DL-entity
single DLSAP.

3.3.15

frame
denigrated synonym for DLPDU

3.3.16

isochronous data
data which is transmitted every cycle (or every nth cycle in case of multiplexed isochronous
data)

3.3.17

isochronous period
period within each cycle that offers deterministic operation through being reserved for the
exchange of (continuous or multiplexed) isochronous data
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3.3.18

legacy Ethernet
Ethernet as standardized in ISO/IEC 8802-3 (non-deterministic operation in non-time-critical
environments).

3.3.19

managing node
node that can manage the SCNM mechanism

3.3.20

multiplexed
communication class where cyclic communication takes place in such a
served in s cycles (an alternative to continuous)

m nodes are

3.3.21

multiplexed timeslot
timeslot assigned to multiplexed isochronous data and shargtam

3.3.22

multipoint connection
connection from one node to many nod

S.

NOTE Multipoint connection allows data trans gny subscriber nodes.

3.3.23
multi-peer DLC
centralized multi-end-poi

undistinguished DLS-
where the publishing
individually), an@
each other).

3.3.24

NetTime

clock time of ed to all CNs within the SoC frame.

3.3.25

network manage
management functiorls and services that perform network initialization, configuration and error
handling

3.3.26

node
single DL-entity as it appears on one local link

3.3.27

PollRequest
frame which is used in the isochronous part of a communications cycle

3.3.28

PollResponse
frame which is used in the isochronous part of a communications cycle to respond to a

PollRequest frame Documents
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3.3.29

process data object
object for isochronous data exchange between nodes

3.3.30

protocol
convention about the data formats, time sequences, and error correction in the data exchange
of communication systems

3.3.31

receiving DLS-user
DL-service user that acts as a recipient of DLS-user-data

NOTE A DL-service user can be concurrently both a sending and receiving DLS-us

3.3.32

sending DLS-user
DL-service user that acts as a source of DLS-user-data

3.3.33

service data object
object for asynchronous data exchange

3.3.34

slot communication network management

mechanism which ensures that there are Qllistans, duting physical network access of any
detemqinystic sommunication via legacy Ethernet

of the networked nodes, t

9,
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3.4 Symbols and abbreviations

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6
3.4.7
3.4.8
3.4.9
3.4.10
3.4.11

3.4.12
3.4.13
3.4.14
3.4.15
3.4.16
3.4.17
3.4.18
3.4.19
3.4.20
3.4.21
3.4.22
3.4.23
3.4.24
3.4.25
3.4.26
3.4.27
3.4.28
3.4.29
3.4.30

ASnd Asynchronous send (frame type)

CN Controlled node

DL- Data-link layer (as a prefix)

DLC DL-connection

DLCEP DL-connection-end-point

DLE DL-entity (the local active instance of the data-link layer)
DLL DL-layer

DLPCI DL-protocol-control-information
DLPDU DL-protocol-data-unit

DLM DL-management

DLME DL-management entity (the lo

DL-management)

DLMS DL-management servi

DLS DL-service

DLSAP DL-service-agCess-point

DLSDU
FIFO
MN
NMT
oSl
PDO
hysical layer (as a prefix)
PhE Ph-entity (the local active instance of the physical layer)
PhL Ph-layer
PReq PollIRequest (frame type)
PRes PollResponse (frame type)
RTE Real time Ethernet
SCNM Slot communication network management
SDO Service data object
SoA Start of asynchronous (frame type)
SoC Start of cyclic (frame type)
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3.5 Common conventions

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

The service model, service primitives, and time-sequence diagrams used are entirely abstract
descriptions; they do not represent a specification for implementation.

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

This standard uses a tabular format to describe the component parameters of the DLS
primitives. The parameters that apply to each group of DLS primitives are_set out in tables
throughout the remainder of this standard. Each table consists of (p to\six columns,
containing the name of the service parameter, and a column each fg imitives and
parameter-transfer directions used by the DLS:

e The request primitive’s input parameters;

e The request primitive’'s output parameters;

e The indication primitive’s output parameters;

e The response primitive’s input parameters; and

e The confirm primitive’s output parameters.

NOTE The request, indication, response
acceptor.deliver, acceptor.submit, and reques

U Paramet
usage of the

ay not be provided depending on the dynamic
d, a default value for the parameter is assumed.

C Paramete( is\co iQnakupon/other parameters or upon the environment of the DLS-
user.

(Bla a

Some entries are further qualified by items in brackets. These may be

a) a parameter-specific constraint

(=)indicates that the parameter is semantically equivalent to the parameter in the service
primitive to its immediate left in the table.

b) an indication that some note applies to the entry

(n)indicates that the following note n contains additional information pertaining to the
parameter and its use.

In any particular interface, not all parameters need be explicitly stated. Some may be
implicitly associated with the DLSAP at which the primitive is issued.

In the diagrams which illustrate these interfaces, dashed lines indicate cause-and-effect or
time-sequence relationships, and wavy lines indicate that events are roughly
contemporaneous.
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3.6 Additional conventions

In the diagrams which illustrate the DLS and DLM interfaces, dashed lines indicate cause-
and-effect or time-sequence relationships between actions at different stations, while solid
lines with arrows indicate cause-and-effect time-sequence relationships which occur within
the DLE-provider at a single station.

The following notation, a shortened form of the primitive classes defined in 3.5, is used in the
figures and tables.

req request primitive

ind indication primitive

cnf confirm primitive (confirmation)
res Response primitive

4 Overview of the DL-protocol

4.1 Overview

A Type 13 fieldbus extends Ethernet accordmg to 802-3 standard with
mechanisms to transfer data with predictable i ci ynchronizationto meet
timing demands typlcal for high-performance applications. It does not

4.2 General description

4.2.1 General

Type 13 fieIdbus<>'
e Transmit time-Crj

publish/subscrit

jeve the following.

isochronous cycles. Data exchange is based on a

e Synchronize ne S with high accuracy.
e Transmit me data asynchronously on request. Asynchronous data
commyUnicati d to transfer IP-based protocols like TCP or UDP and higher

Type 13 fieldbu anages the network traffic in a way that there are dedicated time-slots for
isochronous and asynchronous data (see Figure 2). It takes care that always only one
networked device gains access to the network media. Thus transmission of isochronous and
asynchronous data will never interfere and precise communication timing is guaranteed. The
mechanism is called slot communication network management (SCNM). SCNM is managed by
one particular networked device — the Managing Node (MN) — which includes the MN
functionality. All other nodes are called controlled nodes (CN).

Documents

Document Sharing Hub

Full document details: IEC 61158-4-13 2007


http://avadocuments2026.com/doc/iec-61158-4-13-2007
http://avadocuments2026.com/doc/iec-61158-4-13-2007

- 20 -

IEC 61158-4-13:2007 © IEC 2007

Cycle i Cycle i+1 e ee

12131415 nfaft|121314 6 nfaft|2134
/ \

Slot | Slot | Slot | Slot | Slot Slot| Slot
1 2 3 4 5 n
— —— A —
Isochronous
data

Figure 2 — Slot communication network

Data exchange betwe
fixed interval, caIIed
Type 13 f|eldbus
. Isochronousp
e Asynchronous’pha

o Idle phas

Type 13 fieldbus Cycletime

< Isochronous »le Asynchronous »le Idle N|
: Phase : Phase :Phase:
_______ 1
Managing [SoC PReq PReq 000 PRes SoA i Async | i SoC
Node (MN) to CN1 to CN2 from MN 1 Send. |
|, !
__________ J.___________________________________________________l_____________JI_____I_____
1 1 1 1
1 1 1 1
Controlled | PRes PRes |o00o| PRes : Async | | :
Node (CN) | from CN1 from CN2 from CNn ' Send ' '
) ) ) )
1 1 1 1

Figure 3 — Overall flow of data frames during one cycle

4.2.2.1 Isochronous phase

The DLL shall provide the opportunity of transferring data to each node in a sequential order
and within a predetermined time period. At the beginning of an Type 13 fieldbus cycle, the MN

shall send a SoC frame to all nodes via Ethernet multicast. The sending and recei

this frame is the basis for the common timing of all the nodes. Only the .S
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generated on a periodic basis. The generation of all other frames is event controlled (with
additional time monitoring per node).

The MN starts the isochronous data exchange after the SoC frame has been sent. A PReq
frame is sent to every configured and active node. The accessed node responds by a PRes
frame.

Both the PReq and the PRes frames shall transfer application data. The MN shall only send
PReq data to one CN per frame. PReq transfer is dedicated to data relevant for the addressed
CN only. In contrast, the PRes frame is received by all nodes. This makes communication
relationships possible according to the producer/consumer model.

The PReq / PRes procedure is repeated for each configured and active isochronous CN. The
order in which CNs are polled is beyond the scope of this standard. N 2 igured and
active isochronous CNs have been processed, the MN may send a m{iti 2

required by the PReq / PRes accesses to each o f|g r e taken into account.
Use of the multiplexed access technolog ou@of time.

Continuous and multiplexed access op S s
The apportionment of the isochronou S continuous and multiplexed slots is

In case of MN c@
after the cycle los

=~

e the ASnd frame

e a lLegacy Ethernet message.

Async Send);

If no asynchronous message transmission request is pending at the MN scheduling queues,
the MN shall issue a SoA without assignment of the right to send to any node. No ASnd frame
and no legacy Ethernet message will follow the SoA frame in this case.

The SoA frame is the first frame in the asynchronous phase and is a signal to all CNs that all
isochronous data have been exchanged during the isochronous phase.

In case of an Type 13 fieldbus ASnd frame, the user data may contain following data,
depending upon application.

o Ident Data: To identify inactive CNs and/or to query the identification data of a CN

e Status Data: To request the current status and detailed error information of a node
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e NMT Data: To assign the asynchronous slot to a node that has indicated a pending
NMTCommand / NMTRequest

e Unspecified Data: To assign the asynchronous slot to a node that has indicated a pending
transmit request. Unspecified data communication may be used to transfer peer to peer
communication with access to the object dictionary of a device, IP-based protocols like
TCP or UDP and higher layer protocols such as HTTP, FTP, ...

In case of a legacy Ethernet message, the data could contain any legal Ethernet frame. The
message is forwarded to the application without any further interpretation.

The asynchronous phase is calculated from the start of SoA to the end of the asynchronous
response.

4.2.2.3 Idle phase

ISO/IEC 8802-3, Clause 2.

The assumed primitives of PhS are

e MA_DATA.request
e MA_DATA.indication

The temporal relationshi in Figure 4.

MAC DLE

Te-ell MA_Data.ind
—>

Figure 4 — Interaction of PhS primitives to DLE

The MA_DATA request primitive defines the transfer of data from a MAC client entity to a
single peer entity or multiple peer entities in the case of group addresses.

The MA_DATA indication primitive defines the transfer of data from the MAC sublayer entity
(through the optional MAC control sublayer, if implemented) to the MAC client entity or
entities in the case of group addresses.
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4.4 DLL architecture

The Type 13 fieldbus DLL is modeled as a combination of control components of cycle state
machine (CSM), isochronous transmission TX/RX control (ITC), asynchronous transmission
TX/RX control (ATC), asynchronous slot scheduler (ASS), exception signaling (ES), NMT

signaling (NS) and DLL management interface.

The cycle state machine as the primary control component provides the function for
deterministic medium access control cooperating for reliable and efficient support of higher-
level data transfer services. According responsibility assignment for MN and CN the primary

responsibility for CN is

e to handle communication within an Type 13 fieldbus cycle;

-

e to track the order of the frames received within a cycle and re
described dataflow;

Q

e to hold up communication regardless to any errors.

The cycle state machine of the MN is responsible for:

The data-link layer is comprised of the comﬁn
le 1 —Data-linkda

r. components

oxding to the

Componen{s \ Description

mines the timing and duration of the transmissions

Cycle state ma@c )
AN

cMe machine controls the Type 13 fieldbus cycle on the
layer. Assembles and transmits the DLPDUs, receives and
bles the DLPDUs with the control information, and

Isochronous fransmissjon\I X/R \Bffers and dispatches in time DLSDU received for the time-critical
control (IT cyclic data transfer between the DLS-user and the SCM

Queues and dispatches in time DLSDU received for the

Async ous tr ns}ksi TXM
contr@%&k a\

asynchronous data transfer between DLS-user and the SCM

Asynchron s ot Schathtér
(ASS)

asynchronous data transfer will happen

The MNs asynchronous slot scheduler decides when a requested

Exception SignalirMS)
NMT

The exception signaling signals a detected CN exception to the MN

NMT Signaling (NS) To report the current status of the NMT

DLL management interface

manages synchronized changes of the link parameters

Holds the station management variables that belong to the DLL, and

The internal arrangement of these components, and their interfaces, are shown in Figure 5.

The arrowheads illustrate the primary direction of the flow of data and control.
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DLS-user
4DL-PDO DL-UDT 4 DL-SDO 4 DL-CMD4 DL-STA4 DL-IDE 4 DL-IERR 4 DL-NMT 4 DLM-Reset 4
DL-ERR DLM-GetVar | DL-layer
DLM-SetVar
DLM-Event
¥ v Y v y y ¥ DLM-Frame
Isochronous Asynchous Asynchronous Exception NMT
transmission Slot transmission signaling [|signaling
Tx/Rx control Scheduler Tx/Rx control
1 csm-rPDO fesmrrio } CSM-TASND t [ I fcSM-TNMT
CSM-TPDO CSM-RASND ES-STA CSM-RNMT
CSM-SOA ATC-PRIO CSM-TERR
1 Dokl ) I I CSM-RERR] ! CSM-Reset
Cycle state machine | DLL
management
i X
MA_Data.req l TMA_Data.ind A CSM-Errqr
CSM:FRA
Ph-layer

Figure 5 — Data-link layer internal architect

4.5 Local parameters and variables

ariables V(...) as a
which those actions
the~djstributed DLS-provider
actions, and local counters

are valid, local timers T(...) as a means of monitoring actions o
and of ensuring a local DLE response,to the gbsgence of @se

no default is specified

b) all counters shall be\ini

4.5.1.2 V(AsyncSlo

This variable holds and designates the value of the timeout time for the ASnd frame. An event
is produced when the ASnd frame was not (or not completely) received within a preconfigured
time. The initial value is 100 000 on power-up or reset of this node. The range of this value
starts at 250.

4.5.1.3 P(C_DLL_ISOCHR_MAX_PAYL)

This parameter indicates the maximum size of PReq and PRes payload data. The value is set
to 1 490.

4.5.1.4 P(C_DLL_MAX_PAYL_OFFSET)

This parameter indicates the maximum offset of Ethernet frame payload. The value is set
to 1 499.

Documents

Document Sharing Hub

Full document details: IEC 61158-4-13 2007


http://avadocuments2026.com/doc/iec-61158-4-13-2007
http://avadocuments2026.com/doc/iec-61158-4-13-2007

IEC 61158-4-13:2007 © IEC 2007 - 25—

4.5.1.5 P(D_DLL_CNFeatureMultiplex_BOOL)

This parameter indicates the CN ability to perform control of multiplexed isochronous
communication.

4.5.1.6 P(D_DLL_MNFeatureMultiplex_Bool)

This parameter indicates the MNs ability to perform control of multiplexed isochronous
communication.

4.5.1.7 P(D_NMT_CycleTimeMax_U32)

This parameter holds the maximum Type 13 fieldbus cycle time in ps.

4.5.1.8 P(D_NMT_CycleTimeMin_U32)

This parameter holds the minimum Type 13 fieldbus cycle time i

4.5.1.9 P(D_NMT_NetTime_BOOL)

This parameter indicates the MNs ability to support of

SoC DLPDU.

4.5.1.11 P(D_NMT_RelativeTime_BOOL)

This parameter indicates mpor of RelativeTime transmission via SoC

DLPDU.

4.5.1.12 T(FRA TIM

4.5.1.14 V(MultipICycleCnt_U8)

This variable describes the length of the multiplexed cycle in multiples of the Type 13 fieldbus
cycle. The variable should be set by the system configuration and should be equal in all
nodes of the segment. If this variable is zero, there is no support of multiplexed cycle on the
network.

4.5.1.15 V(NMT_CycleLen_U32)

This variable defines the communication cycle time interval (SYNC interval) in ps. The
variable should be set by the system configuration.

4.5.1.16 V(NMT_Version_U8)

The variable holds the Type 13 fieldbus communication profile version that is implemented by
the device. The value shall be set by the device during system initialization.
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4.5.1.17 V(NMT_IsochrSlotAssign_AUS8)

This variable assigns CNs to a particular isochronous slot. The variable should be set by the
system configuration.

4.5.1.18 V(NMT_MultiplCycleAssign_AUS)
This variable assigns CNs to the particular Type 13 fieldbus cycles of the multiplexed cycle

period defined by V(MultiplCycleCnt_U8). It shall be equal in all nodes of the segment. The
variable should be set by the system configuration.

4.5.1.19 V(NodelD_US)

The variable holds the device’s actual Node ID. V(NodelD _U8) may be p
settings (dip switch etc.) or set up by software.

A\by hardware

4.5.1.20 T(PRES_TIME)

T(PRES_TIME) is used by the DLE to measure the time elg
frame. The value is decremented in the range of V(PRES_4

4.5.1.21 V(PRES_TIMEOUT)

This variable holds and designates the xalue of
is produced when the PRes frame was
time.

4.5.1.22 V(Prescaler_U16)

This variable describes the ( ftag within the SoC DLPDU. The value
provides the number of Type 13\fi 3 )af have to be completed to toggle the flag
by the MN. The initial e i ‘ eset of this node. The range of this value is 0
to 1 000.

If this variable is 0,
in all nodes of the

The DLL and its procedures are necessary to provide the services offered to the DLS user by
using the services available from the PhL. This clause describes the structure and semantics
of MA_PDU, DLPDU and the procedure, commonly used in this specification. Nevertheless this
portion is identical to and fully compliant with the ISO/IEC 8802-3 standard.

NOTE Within this clause, any reference to bit k of an octet is a reference to the bit whose weight in a one-octet
unsigned is 2k and this is sometimes referred to as "little endian” bit numbering.

5.2 MA_PDU structure and encoding

The local MAC sublayer uses the service primitives provided by the PLS sublayer specified by
ISO/IEC 8802.3 Clause 2. All of the service primitives provided by the PLS sublayer are as
follows and are considered mandatory:

a) MA_DATA request;
b) MA_DATA indication;
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5.3 Common MAC frame structure, encoding and elements of procedure
5.3.1 MAC frame structure
5.3.1.1 MAC frame format for the Type 13 fieldbus DLPDU

The DLPDU for the Type 13 fieldbus is encapsulated in the data field of a MAC frame as
specified by ISO/IEC 8802.3, Clause 3. The value of the Length/Type field is designated to
88ABy, which is authorized and registered as the protocol identification number by the IEEE
Registration Authority, to be identified as the Type 13 fieldbus frame. Figure 6 shows the
Type 13 fieldbus DLPDU.

Message type 1 OCTET

Destination 1 OCTET

Source 1 OCTET
Data See NOTE

NOTE The length of the frame shall be restricted to the cenfigu g. Otherwise
the cycle time could not be guaranteed. Ethernet(franfes)shal e orter than the
specified minimum of 64 octets.

Figure 6

5.3.2 Elements of the
5.3.2.1 Genera

This subclause spe

address
or multicast (in

eld spgcifiesthe/station(s) for which the frame is intended. It may be an individual
broadcast) address.

In case of Type 13 fieldbus DLPDU Table 2 shows the MAC multicast addresses, when
destination is set to “Type 13 fieldbus broadcast” (see 5.3.3.2). Otherwise the DA is set to the
corresponding node ID, resolved by the application layer.
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Table 2 — MAC multicast addresses

Frame type ID / Abbr. MAC-multicast address
01-11-1E-00-00-01
Start of cycle (SoC) SoC
(C_DLL_MULTICAST_SOC)
01-11-1E-00-00-02
PollIResponse (PRes) PRes
(C_DLL_MULTICAST_PRES)
01-11-1E-00-00-03
Start of Asynchronous (SoA) SoA
(C_DLL_MULTICAST_SOA)
01-11-1E-00-00-04
AsynchronousSend (ASnd) ASnd
(C_DLL_MULTICAST_AS((E;

5.3.2.3 Source address field (SA)

The source address (SA) field is specified in ISO/IEC 8802-3,
field specifies the station sending the frame.

5.3.2.4 Length/type field

The message type, fieldN > e /DLE to identify and designate the frame type of the
Type 13 fieldbus [ 2 control. Table 3 shows the list of message types for
Type 13 fieldbus.

Table 3 — Message types

Message Type Value | ID / Abbr.
Start of Cycle 01h SoC
PollIRequest 03h PReq
PollIResponse 04h PRes

Start of Asynchronous | 05h SoA
Asynchronous Send 06h ASnd

5.3.3.2 Destination

Node ID of the addressed node(s). The destination address field specifies the station(s) for
which the frame is intended. It may be an individual or a broadcast address.

Table 4 shows the list of node ID for destination address(es).
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Table 4 — Node ID assignment

Node ID Description

0 Invalid
1..239 Regular Type 13 fieldbus CNs
240 Type 13 fieldbus MN
241..250 | Reserved

255 Type 13 fieldbus broadcast

5.3.3.3 Source

Node ID of the transmitting node. The source address field specifies
frame. In case of a transmitted multicast / broadcast message
interpreted by the DLE. The value of the source addre
V(NMT_NodelD_REC.NodelD_U8).

Table 4 shows the list of Node ID for source address(es). ¥
be used as a source address.

5.3.3.4 Data

5.4 Invalid DL@
An invalid DLPDU 4

c) The bits of th ming DLPDU (exclusive of the FCS field itself) do not generate a CRC
value identical tothe one received.

d) Itis inconsistent with a Message Type value of Type 13 fieldbus DLPDU.

The contents of invalid DLPDU shall not be passed to the DLS-user or DLE. The occurrence
of invalid DLPDU may be communicated to network management.

NOTE Invalid DLPDU may be ignored, discarded, or used in a private manner by DLS-users. The use of such
DLPDUs is beyond the scope of this specification.

6 DLPDU-specific structure, encoding and elements of procedure

6.1 General

This clause defines the structure, contents and encoding of each type and format of the
DLPDU, and specifies elements of procedure for the DLPDU.
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Within each subclause, the structure, contents, parameters and encoding of the DLPDU are
described, and the Type 13 fieldbus specific part of the DLPDU structure, which is shown in
Figure 6, is specified. The aspects relating to the sending and receiving of DLS-users and
their DLEs are further described. All data format and encoding is described in little endian
format throughout this clause.

NOTE Within this clause, any reference to bit K of an octet is a reference to the bit whose weight in a one-octet
unsigned is 2™ and this is sometimes referred to as "little endian" bit numbering.

6.2 Overview

Type 13 fieldbus collects more than one function into one frame. It is therefore not usually
possible to apply a single communication relationship to the complete frame, but only to
particular services inside the frame.

The PRes DLPDU for example transmitted by the CN includes severa

master/slave relationship triggered by the MN.
e Request of the asynchronous slot is the request part of 4

e Transmission of PDO data occurs in conformance
relationship.

6.3 Start of synchronization (SoC)
6.3.1 General

The SoC DLPDU is used for synchronjsation of\a
DLPDU.

nodes. Only the
frames shall be ;@

The MN starts the ji

es. Only the MN shall initiate the SoC

The stru

Table 5 — Structure of SoC DLPDU

DLPDU field Data type Value/description
Message type OCTET[1] 01h / Identify the SoC DLPDU
Destination OCTET[1] Node ID of the addressed node
Source OCTET[1] Node ID of the transmitting
node

reserved OCTET[1]

SOC-flag OCTET[1]

reserved OCTET[1]

NetTime OCTETI[8] Starting time of the Type 13
fieldbus cycle

RelativeTime OCTET[8] Relative time

reserved OCTET[24]
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6.3.2.1 Parameters of SoC DLPDU
6.3.2.1.1 Destination (dest)

This parameter indicates the Node ID of the addressed node (see 5.3.3.2). For SoC DLPDU
the destination is set to 255 (C_ADR_BROADCAST).

6.3.2.1.2 Source (src)

This parameter indicates the Node ID of the transmitting node (see 5.3.3.3). For SoC DLPDU,
the parameter is set to 240 (C_ADR_MN_DEF_NODE_ID).

6.3.2.1.3 SOC-Flag
6.3.2.1.3.1 General
The structure of the SoC-Flag is shown in Table 6.
Table 6 — Structure of SoC-F

Bit number | Value /c‘rrpu\\
7 Mult|p|execf/cyc(be~<;om\le\ta‘M§
6 Prescﬂé@y&’%
e T N
N/

6.3.2.1.3.2 Multiplexed cycle complete (MC)

status.

6.3.2.1.3.3 Pre

This parameter is th
cycle.

ibuted by the MN and indicates the starting time of the Type 13 fieldbus

NetTime transmission is optional. Support is indicated by P(D_NMT_NetTime_BOOL).

IEEE 1588 conform distribution via the parameter NetTime is indicated by
P(D_NMT_NetTimelsRealTime_BOOL).

6.3.2.1.5 RelativeTime (reltime)

This parameter is distributed by the MN and indicates the relative time, which is incremented
by the Type 13 fieldbus cycle time when a SoC DLPDU is generated. The unit of RelativeTime
is us.

RelativeTime transmission is optional. Support is indicated by
P(D_NMT_RelativeTime_BOOL).

Documents

Document Sharing Hub

Full document details: IEC 61158-4-13 2007


http://avadocuments2026.com/doc/iec-61158-4-13-2007
http://avadocuments2026.com/doc/iec-61158-4-13-2007

-32 - IEC 61158-4-13:2007 © IEC 2007

6.3.2.2 User data

No user data is conveyed by the SoC DLPDU.

6.3.3 Sending SoC DLPDU

The CSM of the MN sends out the SoC DLPDU with a set of parameters, as stated above.
The time interval of the periodic basis is determined by V(NMT_CycleLen_U32).

6.3.4 Receiving the SoC DLPDU

Each node receives this DLPDU to synchronize his behavior on this DLPDU. The CSM of the
CNs use this DLPDU for:

e Indicating the beginning of a Type 13 fieldbus cycle.

o Exception recognition.

e Cycle time overrun.

The reception and the parameter of this DLPDU is signg S, frame status for

synchronization purpose.

6.4 PollRequest (PReq)
6.4.1 General

DLPDUs.

The MN only s
relevant for the address

6.4.2 Structure of the PReq DLPDU

6.4.2.1 General

The structure of PReq DLPDU is shown in Table 7.
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Table 7 — Structure of PReq DLPDU

DLPDU field Data type Value/description
Message type | OCTETI[1] 03h / identify the PReq DLPDU
Destination OCTETI[1] Node ID of the addressed node
Source OCTETI[1] Node ID of the transmitting node
reserved OCTETI[1]

PReqg-flag OCTET[1]

reserved OCTETI[1]

Payload OCTET[4- P(C_DLL_MAX_PAYL_OFFSET)-10] | DLSDU

6.4.2.2 Parameters of PReq DLPDU

6.4.2.2.1 Destination (dest)

This parameter indicates the Node ID of the addressed node For\PReq DLPDU

only individual CN Node IDs are allowed.

This parameter is inserted/evaluated to/from the D 2ddr parameter within

the DLS DL-PDO.

6.4.2.2.2 Source (src)

itting node (see 5.3.3.3). For PReq

6.4.2.2.3 PRreq
6.4.2.2.3.1 Gene

The structure of

able 8 — Structure of PReq-Flag

\B\\\n%b\ Description
h Reserved
\5\/ Multiplexed slot (MS)
0 Isochronous slot is handled in a non multiplexed slot
1 Isochronous slot is handled in a multiplexed slot
4-3 Reserved
2 Exception acknowledge (EA)
1 Reserved
0 Ready (RD)
0 DLSDU is not valid
1 DLSDU is valid
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6.4.2.2.3.2 Multiplexed slot (MS)
This parameter is set by the MN when the addressed CN is handled in a multiplexed timeslot.

The parameter is generated within the ITC and signaled to the application within DLS DL-
PDO.

6.4.2.2.3.3 Exception acknowledge (EA)

This parameter is toggled by the MN to acknowledge a requested exception signal from the
addressed CN. The parameter is generated / evaluated within the ES.

For async-only CNs, the parameter is also signaled within the DLSDU of DL-STA. The CSM is
responsible to insert/remove this parameter into the DL-STA.

6.4.2.2.3.4 Ready (RD)

This parameter indicates that the transferred payload data ate

6.4.2.2.4 Payload (pl)

PReqg DLPDU can transmit user data up to the lengtl
parameter is passed/received to/from the DLS-Use

R_MAX_PAYL). The
PDO primitive.

6.4.3 Sending PReq DLPDU

|l receive a PReq DLPDU from the MN in the Type 13 fieldbus cycle
es DL PDU to the MN. CNs may be accessed every cycle or every n'"

The received data is"unpacked and passed directly to the ITC via CSM-RPDO. The exception
acknowledge parameter is passed to the ES via CSM-ERR for further processing.

6.5 Poll response (PRes)
6.5.1 General
Each isochronous CN shall receive an unicast PReq DLPDUs from the MN in the Type 13

fieldbus cycle and shall response with a PRes DLPDU to the MN. PReq and PRes DLPDU
may transport isochronous data.

PReq can only be received by the specifically addressed CN. However, PRes DLPDU shall be
sent by the CN as multicast messages, allowing all other CNs to monitor the data being sent.

Additional data from the MN may be received by a multicast PRes DLPDU transmitted by the
MN at the end of an isochronous phase.
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CNs participating in the isochronous slot shall request the right to transmit asynchronous data
from the MN via the PR / PS parameter of the PRes DLPDU.

New exception conditions and the current NMT status of the CN is also transmitted within the
PRes DLPDU.

6.5.2 Structure of the PRes DLPDU
6.5.2.1 General

The structure of PRes DLPDU is shown in Table 9.
Table 9 — Structure of PRes DLPDU

DLPDU field Data type V}hfe@esc&p\k{n
Message type | OCTET[1] 04h / ident\n\xth\h\es b{\Pbk{)
Destination | OCTET[1] Nod@) Mé\ad}t{es d n@e

Source OCTET[1] <r><(c%&e\|b\ofwgﬁans}{itting node
NMTStatus | OCTET[1] m}%e%\w state machine
PRes-flag OCTET[2] / A >

Payload OCTET[4- P(C_DLL_MAX_PAYL_OFI?‘SFJ\L—@ D}LQDD\

6.5.2.2 Parameters of PRes DLPDU

6.5.2.2.1 Destination (dest)

This parameter j S
the DLS DL-PDO

This parameter reports the current status of the CNs NMT state machine and is
inserted/evaluated to/from the DLS-User with DLS DL-NMT.

6.5.2.2.4 PRres-Flag
6.5.2.2.4.1 General

The structure of PRes-Flag is shown in Table 10.
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Table 10 — Structure of PRes-Flag

Bit number | Value Description
15-14 Reserved
13 Multiplexed slot (MS)
0 Isochronous slot is handled in a non multiplexed slot
1 Isochronous slot is handled in a multiplexed slot
12 EN
11-9 Reserved
8 Ready (RD)
0 | DLSDU is not valid (
1 | DLSDU is valid ROEe

7-6 Reserved

<
= 000 E;T(r)lt_yo(PR) /\\\\\\\ >
001 | PRIO_1 \ \ \ >

010 | PRIO 2 / ) \

011 PRlo_GENERlch\Ebuésy N
w rmg_ AT (Y,
101 | PRID.S NN )
110 | PRIO,

111 PRIQ_NI\/(I’:R\EQ\UF\S\\ >

AN )

N OOO\\ er}%\ﬁg\request)

PP Rempovion

? 0{0 2p§\din\g\r/e'6uests

/\ 011 ;\}e\nd}g requests

\

1})(\ 4 %nding requests

T\
N \(pending requests
< \ \ \Q})) 5 pending requests
AN

111 7 and more pending requests

6.5.2.2.4.2 Multiptexed slot (MS)

This parameter is done by the corresponding PReq DLPDU when the addressed CN is
handled in a multiplexed timeslot. The parameter is signaled to the application within the DLS
DL-PDO primitive.

Based on this information, other CNs can identify that the transmitting CN is served by a
multiplexed slot.

6.5.2.2.4.3 Exception new (EN)

This parameter is toggled by the CN to indicate an exception signal to the MN. The parameter
is generated / evaluated within ES.

For async-only CNs, the parameter is also signaled within the DLSDU of DL-STA. The CSM is
responsible to insert/remove this parameter into the DL-STA.
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6.5.2.2.4.4 Ready (RD)

This parameter indicates that the transferred payload data are valid. The parameter is
passed/received to/from the DLS-User within the DLS DL-PDO primitive.

6.5.2.2.4.5 Priority (PR)

This parameter indicates the priority of the frame in the asynchronous send queues with the
highest priority. The range of this value is 0 (lowest priority) to 7 (highest priority). Two of
these levels are dedicated to Type 13 fieldbus purpose:

e PRIO_NMT_REQUEST: This is the highest priority that shall be exclusively applied if a CN
requests an NMT command to be issued by the MN.

e PRIO_GENERIC_REQUEST: Medium priority which is the standard evel for non-
NMT command requests.

Before transmitting the PRes DLPDU, ATC is requested 3 9t status of the
asynchronous send queues.

6.5.2.2.4.6 RequestToSend (RS)

6.5.2.2.5 Payload (pl
PRes DLPDU ca §M

parameter is passed

The DLPDU is assembled by requesting the ITC for the DLSDU transmitting to all nodes,
requesting the ATCor the current status of the asynchronous sending queues, requesting the
ES for the actual exception new parameter and requesting the NS for the actual CNs
NMT Status.

6.5.4 Receiving the PRes DLPDU

The PRes DLPDU is received by all isochronous CNs as well as the MN.

The received data is unpacked and passed directly to the ITC via the CSM-RPDO service.
The EA parameter is passed to the ES via CSM-ERR and the NMTStatus is passed to the NS
for further processing.

The MN uses a timeout after sending a PReq DLPDU for receiving the corresponding PRes
DLPDU response to detect transmission errors and node failures.
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6.6 Start of asynchronous (SoA)
6.6.1 General

The SoA DLPDU shall be used to

identify CNs,

e request status information of a CN,
e send NMT commands,

e to poll async-only CNs and

e to grant the asynchronous transmit right to one CN.

The SoA DLPDU is the first frame in the asynchronous phase and is a7sfignal tonall CNs that
all isochronous data have been exchanged during the isochronous phase. If no.asyrchronous

send any message is transmitted.

The SoA DLPDU is handled by the MN. The MN knows its 3 sehd queue and
the queues of all active CNs, reported via PRes DLPDU. Th . R shall determine
in which cycle the right to send the asynchronous f W Mt shall guarantee
that no send request will be delayed for an indefini ’ en if network load is

high.

Assignment of the asynchronous slot elf sk aIIQa indicated in the same way as
assignments to CNs.

6.6.2 Structure of the SoA DLPDU

6.6.2.1 General

The structure of SoA DL

(\ Table tructure of SoA DLPDU

Abk\N{U freld Dat9>type Value/description

Mﬁss ge Yype OCTET[1] 05h / identify the SoA DLPDU

\ana\t\gn OCTET[1] | Node ID of the addressed node

M > OCTET[1] | Node ID of the transmitting node

NM\?\Status OCTET[1] Status of the MNs NMT state machine
‘Flag OCTET[1]

reserved OCTET[1]

svid OCTET[1] Requested servicelD (svid)

svig OCTET[1] Requested service target (svtg)

FieldbusVersion | OCTET[1] Type 13 fieldbus version of the MN

reserved OCTET[37]

6.6.2.2 Parameters of SoA DLPDU
6.6.2.2.1 Destination (dest)

This parameter indicates the node ID of the addressed node (see 5.3.3.2). For SoA DLPDU
the destination is set to 255 (C_ADR_BROADCAST).

NOTE The target of this DLPDU is indicated within the RequestedServiceTarget parameter (s 6.6.2. Zrﬁ
Destination set to 255 (C_ADR_BROADCAST) is necessary for synchronization purpose of the CSM. OCU entS
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6.6.2.2.2 Source (src)

This parameter indicates the Node ID of the transmitting node (see 15.4.8). For SoA DLPDU,
the parameter is set to 240 (C_ADR_MN_DEF_NODE_ID).

6.6.2.2.3 NMTStatus (stat)

This parameter reports the current status of the MNs NMT state machine and is
inserted/evaluated to/from the DLS-User with the DLS DL-NMT.

6.6.2.2.4 SoA-Flag
6.6.2.2.4.1 General

The structure of SoA-Flag is shown in Table 12.

Table 12 - Structure of SoA-FIag/\x

Bit number | Value Descripti)m\\ \

7-3 Reserved \\ \

2 Exception acknow/éige (EN\ \

1 Exception res/e\(kR)} / N
o o ST [ () >
1 ﬁ{qué\%&ializg\ion oMe excy’ption system

0 R/a%rved

The paramete |s gnerated / evaluated within the ES. The parameter is valid only, if
RequestedServicelD equals StatusRequest.

6.6.2.2.5 RequestedServicelD (svid)

This parameter indicates the asynchronous service ID dedicated to the following
asynchronous slot.

Table 13 shows the definitions of the RequestServicelD entries.
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Table 13 — Definition of the RequestedServicelD in the SoA DLPDU

IEC 61158-4-13:2007 © IEC 2007

Description Value (ID Description
NoService 00x Shall be used if the asynchronous slot is not
NO_SERVICE assigned to any node.
RequestedServiceTarget shall be
C_ADR_INVALID
IdentRequest 01n Shall be used to identify inactive CNs and/or to
IDENT_REQUEST query the identification data of a CN.
The addressed CN shall answer immediately after
the reception of the SoA with the node specific
IdentRequest ASnd DLPDU
StatusRequest 02,

STATUS_REQUEST

The addressed no
after the recepti
specific Stat

NMTRequestinvite 03,
NMT_REQUEST_INVITE

Unspecifiedlnvite FFn

UNSPECIFIED_IN ITE

m

NOTE Al SefvicelDs WithoutloService are handled within the ATC.

VMWn send queue status, which node with which status

sl

Type 13 fieldbus ASnd or a legacy Ethernet
DLPDU

The MNs ASS d§
gets the next 2

cide

asynchronous slo
C_ADR_INVALID shall indicate the asynchronous slot is not assigned.

6.6.2.2.7 Type 13 fieldbus Version (eplv)

This parameter indicates the current Type 13 fieldbus version of the MN.

6.6.2.3 User data

No user data is conveyed by the SoA DLPDU.

6.6.3 Sending SoA DLPDU

A SoA DLPDU is sent by the MN at the beginning of the asynchronous phase and assigns the
asynchronous phase to a specific node, if necessary. The MNs ASS decides in a fair way,
which ServicelD of which node shall be served next.
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The DLPDU is assembled by requesting the ASS for the next ServicelD and ServiceTarget.
The EA and the ER parameters are gathered from the ES. The MNs NMTStatus is requested
from the NS.

6.6.4 Receiving the SoA DLPDU

After reception of a PReq DLPDU the CSM waits for the reception of a SoA DLPDU.
Reception of a SoA DLPDU confirms the end of the isochronous phase.

The RequestedServiceTarget parameter of the received SoA DLPDU is analyzed. Dependend
on the requested ServicelD, the transmission of an ASnd DLPDU shall occur immediately after the
transmission / reception of a SoA DLPDU. The ATC is requested for the requested ServicelD.

6.7.1 General

There are two types of!
e anon Type 1{%

e a Type 13 fieldbys

Upon a
the requested iRformpation and sends it via a non Type 13 fieldbus DLPDU or via an ASnd
DLPDU. Different SeryicelDs in an ASnd DLPDU are possible.

e StatusResponse:’ls used to request the current status and detailed error information of a
node.

e |dentResponse: Is used to identify inactive CNs waiting to be included into the network
and/or to query the identification data of a CN.

e NMTCommand: Is used by the MN NMT to distribute common NMT information and to
force specific commands to a single, to a specific or to all nodes on the Type 13 fieldbus
network.

o NMTRequest: Is used to give CNs the possibility also to request the above functions. The
requested function is decoded in the payload and distributed by the MN in one of the next
asynchronous slots via ASnd-DLPDU.

e SDO: Is used for peer to peer communication with access to the object dictionary of a
device.

ASnd frames and non Type 13 fieldbus frames shall be processed during the isochronous
phase. The addressed node shall answer immediately after the reception of the Sob
ocuments
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6.7.2 Structure of the ASnd DLPDU
6.7.2.1 General

The structure of ASnd DLPDU is shown in Table 14.

Table 14 — Structure of ASnd DLPDU

DLPDU field Data type Value/description

Message Type OCTET[1] 06h / identify the ASnd
DLPDU

Destination OCTET[1] Node ID of the addressed
node

Source OCTET[1] Node ID of t
transmjtl nodg\

ServicelD OCTET[1] Serviée\lo\

Payload OCTET[1- LS

P(C_DLL_MAX_PAYL_OFFSET)-4]

N\

6.7.2.2 Parameters of ASnd DLPDU

6.7.2.2.1 Destination (dest)

6.7.2.2.2 Source (src)

This parameter indicates

6.7.2.2.3 ServiciD (s
This parameter indjc¢a

Table 15 shows th

Full document details: IEC 61158-4-13 2007
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Table 15 — Definition of the ServicelD in the ASnd DLPDU

A Destin- .
Description ID (Value) ation Description
IdentResponse 01s Type 13 Within the IdentResponse ServicelD the CN
(IDENT_RESPONSE) fieldbus distributes identification data.
broadcast

This ServicelD shall be issued by a node that
received an ldentRequest via SoA

StatusResponse | 02, Type 13 Within the StatusResponse ServicelD the CN
(STATUS_RESPONSE) | fieldbus distributes the current status and detailed error
broadcast information.

This ServicelD shall be issued by a node that
received a StatusRequest m

NMTRequest 03; Type 13 Within the NMTReques;
(NMT_REQUEST) fieldbus asked the MN to req
MN ServicelD within t

This ServicelD shall i

received a NMITRe

ithi am Se vicehf(the MN
NMT\{nformation and

NMTCommand 04,
(NMT_COMMAND)

SDO 05k
(SDO)

co nication with access to the object
>tionary of a device is issued.
\ his ServicelD shall be issued by a node that

ped3 received an Unspecifiedinvite via SoA
\Li{e us
N

NOTE 2 The destinati
as well as Type i

ASnd DLPDU can smit user data up to the length of P(C_DLL_ISOCHR_MAX_PAYL).

The following user data are defined for the ASnd DLPDU payload parameter:

6.7.2.2.4.2 lIdentResponse

The parameter is passed/received to/from the DLS-User as the DLSDU parameter of the DLS
DL-IDE.

6.7.2.2.4.3 StatusResponse

The parameter is passed/received to/from the DLS-User as the DLSDU parameter of the DLS
DL-STA.
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6.7.2.2.4.4 NMTCommand

The parameter is passed/received to/from the DLS-User as the DLSDU parameter of the DLS
DL-CMD.

6.7.2.2.4.5 NMTRequest

CNs requesting an NMTCommand, an ldentResponse and a StatusResponse handle this
request by inviting the MN with a NMTRequest to accomplish the requested service.

As shown in Table 16 the NMTRequest user data shall contain the NMTRequested-
CommandID, NMTRequestedCommandTarget and NMTRequestedData.

Table 16 — Structure of NMTRequest user data<\(—\
ANEEGN

DLPDU field Data type < V&\Iuehi{sc 'pti%

NMTRequestCommandID OCTET[1] \ \
NMTRequestedCommandTarget | OCTET[1]

NN
NMTRequestedCommandData | OCTET[1- X \)
P(C_DLL_M;){P_M‘I\ SEY)-
4] \)/\

ice s be issued by the MN by its
Bsponse services are indicated by the

where:

¢ NMTRequestedCommandID (rcid):
NMTCommandID value. StatusRes
SoA RequestedServicelD

¢ NMTRequestedComm'a
command.

¢ NMTRequestedCommandi
6.7.2.2.4.6 SDOf>

¢ IdentResponse: Within the ATC, the user data is requested with the DLS DL-IDE. The
responded user data is assembled with the ServicelD=ldentResponse to the ASnd
DLPDU.

o StatusResponse: Within the ATC, the user data is requested with the DLS DL-STA. The
responded user data is assembled with the ServicelD=StatusResponse to the ASnd
DLPDU.

¢ NMTCommand: Requested NMTCommands from the DLS-User are queued in the ATC.
Within the ATC, the oldest queue content is responded and this user data is assembled
with the ServiceD=NMTCommand to the ASnd DLPDU.

e NMTRequest: Requested NMTCommands, StatusRequest and IdentRequests from CNs
are queued in the ATC. Within the ATC, the oldest queue content is translated into a
NMTRequest user data and this is assembled with the ServicelD=NMTReqeust to the
ASnd DLPDU to be executed at the MN.
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e SDO: Requested SDO DLSDUs from the DLS-User are queued in the ATC. Within the
ATC, the oldest queue content is responded and this user data is assembled with the
ServicelD=SDO to the ASnd DLPDU.

6.7.4 Receiving the ASnd DLPDU

If an ASnd frame has been received it shall be processed depending on the ServicelD as
follow:

e IdentResponse: Receive IdentResponse ASnd DLPDUs are passed to the DLS-user via
the DL-IDE primitive of the ATC. The MN shall receive the ldentResponse. CNs may
receive IdentResponse if configured to do so.

e StatusResponse: Receive StatusResponse ASnd DLPDUs are passed tothe DLS-user via
the DL-STA primitive of the ATC. The MN shall receive the Status

receive StatusResponse if configured to do so.

e NMTCommand: Receive NMTCommand ASnd DLPDUs are p
the DL-CMD primitive of the ATC.

e SDO: Receive SDO ASnd DLPDUs are passed
of the ATC.

7 DLE elements of procedure

7.1 Overall structure

asynchronous transmissio R /cle state machine (CSM), asynchronous
slot scheduler (ASS), i ign MT signaling (NS) and DLL Management

Interface.

The CSM as the\/z\;ﬁr' ent provides the function for deterministic medium
access control coope C;/the ATC, the ES and the NS for reliable and efficient
support both of isochon ¢hronous data transfer services.

7.2.1 Overview
7.2.1.1 Cycle state machine of the MN (MN-CSM)

The cycle state machine of the MN (MN-CSM) shall manage the communication within an
Type 13 fieldbus cycle. The MN-CSM generates the flow of the frames during an Type 13
fieldbus cycle and monitors the reaction of the CNs. The flow order is dependent on the state
of the NMT (signaled via the primitive CSM-TNMT).

7.2.1.2 Cycle state machine of the CN (CN-CSM)

The cycle state machine of the CN (CN-CSM) handles communication within a Type 13
fieldbus Cycle. The CN-CSM tracks the order of the frames received within a cycle and reacts
as described below. The expected order of frame reception is dependant on the state of the
NMT (signaled via the primitive CSM-TNMT).
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7.2.2 Primitive definitions
7.2.2.1 Primitive definitions between CSM and ITC

Table 17 summarizes all primitives exchanged between the CSM and the ITC.

Table 17 — Primitives exchanged between CSM and ITC

Associated

Primitive name Source Description
parameters
CSM-PDO.ind ITC Isochr Indicates the assignment of the next isochronous
Isochr-Out slot.
CSM-TPDO.ind ITC D_addr Indication of a PDO element/withits associated
DLSDU parameters for transmissi at the next isochronous
slot.

per Type 1/3\el bus oY

CSM-RPDO.req CSM S_addr Carries fo ard N\F;Ii/(}element with its
D_addr ass a th

The parameters used with the pri e CSM and the ITC are

described in Table 18.

Parameter name (\ \) N >Description

S_addr [\ }*\e S\_‘adMarWies the DL-address of the publisher.
D_addr k %\D\adakee}s@ekgspecifies the DL-address of the subscriber.

DLSDU \) This paranete pMes the information that is transferred by buffer transfer
om the locql DLE as a publisher to the remote multi-peer DLEs as

Isochr isWer specifies with a value unequal zero that there are frames in
theNsochronous list, which shall be sent during the current cycle.
Isochr-Out \ Wrameter specifies with a value unequal zero that the MN is configured
\ to send a PRes.

7.2.2.2 Primitiv itions between CSM and ATC

Table 19 summarizes all primitives exchanged between the CSM and the ATC.
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Table 19 — Primitives exchanged between CSM and ATC

Primitive name Source Associated Description
parameters
CSM-TASND.ind ATC Destination Indicates an ASnd DLPDU with its associated
ServicelD parameters from the ATC internal queue for
Payload transmission at the next asynchronous slot.
CSM-RASND.req CSM Destination Carries forward a received ASnd DLPDU with its
Source associated parameters to the ATC.
ServicelD
Payload
ATC-Prio.req CSM (none) Requests the priority and the number of pending
frames in the asynchronous send queue with the
highest priority from the ATC.
CN: This primitive is cal foreNsending the
PRes DLPDU
MN: This primitive is\called just beforesending the
SoA DLPDU.
ATC-Prio.ind ATC Priority Indicates t rity Me uthe\r/glc pending
RequestToSend frames i yRchRonous send queue with the
highest
CI The parameters are txansmitted via the PRes
frame carries this parameter forward
to the
: | CSM carries forward this
aramete S via CSM-Prio .

between the CSM and the ATC are

The parameters used with the primitjves
described in Table 20.

Table 20 - Pararﬁet\ej\usedw
Parameter r@{n}x >

RequestedSerivelD ram er indicates the asynchronous service ID dedicated to the SoA
/\ to t ing asynchronous slot.
Destination \ }‘k\sWer indicates the Node ID of the addressed node.

Source ( \ \'{his\p;rameter indicates the Node ID of the transmitting node.

N

itives exchanged between CSM and ATC

Description

ServicelD \\ TMarameter indicates the ServicelD dedicated to the asynchronous slot.

Payload \ \ This parameter indicates the user data.

Priority \> This parameter indicates the priority of the user data in the asynchronous
send queue with the highest priority.

RequestToSend This parameter indicates the number of pending user data in the

asynchronous send queue with the highest priority.

7.2.2.3 Primitive definitions between CSM and ASS

Table 21 summarizes all primitives exchanged between the CSM and the ASS.
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Table 21 — Primitives exchanged between CSM and ASS

Primitive name Source Associated Description
parameters
CSM-CSM.ind CSM Resp-Expected Indicates the assignment of the next asynchronous
Async-In slot
Asycn-Out
CSM-Prio.ind CSM Source Indicates the received priority and Request to Send
Priority parameter from the specified source
RequestToSend
CSM-SoA.req CSM (none) Request the service and node, which shall transmit
there ASnd frame inside the next asynchronous slot
CSM-SoA.ind ASS Requested- Indicates the type of user data with the ServicelD
ServicelD parameter and the addres
Requested- ServiceTarged paramet d on the
ServiceTarget | next asynchronous sl
The parameters are ans ing SoA
DLPDU

The parameters used with the primitives exchange

described in Table 22.

Table 22 — Parameters used with primitive

N

d the ASS are

N\

ng\xd between CSM and ASS

Parameter name

escriptio

RequestedServicelD

\
he.asy

Desg:
This parametepindicates\t hronous service ID dedicated to the
following asy chropou\s sl

RequestedServiceTarget

is paramete indm%tﬁhe
fol wim ono sot‘\

de4D of the node, which shall send within the

Resp-Expected

sp-\éxp ed = ?RU\Emny‘
JARQ ext agynshronouys s

ans that there is an ASnd DLPDU expected upon

Async-In Thig’ indicate thA DLPDU must be sent in this cycle and an ASnd
DLPDRU oha nom\Type 13 fieldbus frame could be received
Async-Out This indi Mt a SoA DLPDU must be sent in this cycle and an ASnd
/\ \QL U must)be sent in this cycle
Priority This,parameter indicates the priority of the user data in the asynchronous

\s\end ueue with the highest priority

Thé/parameter indicates the number of pending user data in the
asynchronous send queue with the highest priority

7.2.2.4 Primitive

initions between CSM and ES

Table 23 summarizes all primitives exchanged between the CSM and the ES.
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