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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-3: Data-link layer protocol specification —
Type 3 elements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization f i 30 comprising
all national electrotechnical committees (IEC National Commlttees) The i promote
international co-operation on all questions concerning standardization in the e
this end and in addition to other activities, IEC publishes International chnica of |cat|ons
Technical Reports, Publicly Available Specifications (PAS) and Guides ¢ S “IEC

governmental organizations liaising with the IEC also partlmpate in
with the International Organlzatlon for Standardization (ISO it ditions determined by

2) The formal decisions or agreements of IEC on technical matiers & ¥ @S possible, an international
consensus of opinion on the relevant subjects since gash\te i \ttee has representation from all
interested IEC National Committees

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

Publications is accurate, IEC cannot be he i the way in which they are used or for any
misinterpretation by any end user.

orrect application of this publication.

International Standard IEC 61158-4-3 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

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

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

e Corrections in Table A.15 and Table A.16;

o Expired patent removed and added new patents.
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This bilingual version (2012-07) corresponds to the monolingual English version, published in
2010-08.

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

FDIS Report on voting
65C/605/FDIS 65C/619/RVD

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

The French version has not been voted upon.

This publication has been drafted in accordance with ISO/IEC Directive

+ reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
+ amended.

NOTE The revision of this stan er parts of the IEC 61158 series.
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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 open\sy
d) as a refinement to the understanding of time-critical commu

tual-property-right holders. In all

NOTE Use of some of the associated protocol'types is restricied by th
cases, the commitment to limited release of intellectualsproperty-ri made e holders of those rights permits

claimed that compliance Wwj i o invoive the use of a patent concerning Type
3 elements and possibjy ot [ wthe ngrmative elements of this standard.

The following p@rig ts for Ty

Publication

RS VAN
EP0604668-A1 Loyical ring ithg of rotation time
(06.07.1994);
EP0604668-B1
(18.02.1998)

EP0604669-A1 syster with monitoring of the activity state of participants
(06.07.1994);
EP0604669-B1
(01.04.1998)

n announced by [SI]:

Title

IEC takes no position concerning the evidence, validity and scope of these patent rights.

The holder of these patent rights has assured the IEC that he/she is willing to negotiate
licences either free of charge or under reasonable and non-discriminatory terms and
conditions with applicants throughout the world. In this respect, the statement of the holder of
these patent rights is registered with IEC. Information may be obtained from:
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[SI]: Siemens AG
CT IP L&T
Hr. Hans-Jorg Mdller
Otto-Hahn-Ring 6
D-81739 Munich
Germany

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://www.iec.ch/tctools/patent_decl.htm) maintain on-
line data bases of patents relevant to their standards. Users are encouragéed to consult the
data bases for the most up to date information concerning patents.

&
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-3: Data-link layer protocol specification —
Type 3 elements

1 Scope

1.1 General

The data-link layer provides basic time-critical messaging communicat
an automation environment.

link entities in a cyclic asynchronous manner, sequentiall
Other data-link entities communicate only as permitted.a

1.2 Specifications

This standard specifies

a) procedures @e
entity to a pe gere

link service prog

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.

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
Documents
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1.5 Conformance
This standard also specifies conformance requirements for systems implementing these

procedures. This standard does not contain tests to demonstrate compliance with such
requirements.

2 Normative references

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

3.1 Referen N erms and definitions

This standard is 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.

3.1.1 called-DL-address [ISO/IEC 7498-3]
3.1.2 calling-DL-address [ISO/IEC 7498-3]
3.1.3 centralized multi-end-point-connection [ISO/IEC 7498-3]
3.1.4 correspondent (N)-entities [ISO/IEC 7498-3]

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

3.1.5 demultiplexing [ISO/IEC 7498-3]

1 To be published. Documents
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3.1.6 DL-address [ISO/IEC 7498-3]
3.1.7 DL-address-mapping [ISO/IEC 7498-3]
3.1.8 DL-connection [ISO/IEC 7498-3]
3.1.9 DL-connection-end-point [ISO/IEC 7498-3]
3.1.10 DL-connection-end-point-identifier [ISO/IEC 7498-3]
3.1.11 DL-connection-mode transmission [ISO/IEC 7498-3]

3.1.12 DL-connectionless-mode transmission O/IEC 7498-3]

3.1.13 DL-data-sink EC 7498-3]
3.1.14 DL-data-source 408-3]
3.1.15 DL-duplex-transmission S 7498-3]
3.1.16 DL-facility O/IEC 7498-3]
3.1.17 DL-local-view ISO/IEC 7498-3]
3.1.18 DL-name [ISO/IEC 7498-3]

3.1.19 DL-protocol [ISO/IEC 7498-3]

3.1.20 DL-protocol-connection-identjfi [ISO/IEC 7498-3]

3.1.21 DL-protocol-contrg [ISO/IEC 7498-3]

3.1.22 DL-protocol-data [ISO/IEC 7498-3]

3.1.23 DL-protocol-vie [ISO/IEC 7498-3]

3.1.24 DL-rela [ISO/IEC 7498-3]

3.1.25 DL-servi [ISO/IEC 7498-3]

3.1.26 DL-se [ISO/IEC 7498-3]

3.1.27 [ISO/IEC 7498-3]

3.1.28 [ISO/IEC 7498-3]

3.1.29 DL-user-data [ISO/IEC 7498-3]
3.1.30 flow control [ISO/IEC 7498-3]
3.1.31 layer-management [ISO/IEC 7498-3]
3.1.32 multiplexing [ISO/IEC 7498-3]
3.1.33 naming-(addressing)-authority [ISO/IEC 7498-3]
3.1.34 naming-(addressing)-domain [ISO/IEC 7498-3]
3.1.35 naming-(addressing)-subdomain [ISO/IEC 7498-3]
3.1.36 (N)-entity [ISO/IEC 7498-3]

DL-entity

Ph-entity
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3.1.37 (N)-interface-data-unit
DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)

3.1.38 (N)-layer
DL-layer (N=2)

Ph-layer (N=1)

3.1.39 (N)-service
DL-service (N=2)

Ph-service (N=1)

3.1.40 (N)-service-access-point
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

3.1.41 (N)-service-access-point-address
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1)

3.1.42 peer-entities

3.1.43 Ph-interface-control-information
3.1.44 Ph-interface-data
3.1.45 primitive name
3.1.46 reassembling

3.1.47 recombining

3.1.48 reset

3.1.49 responding-DL s

3.1.50 routing<>

3.1.51
3.1.52

3.1.53
3.1.54

3.1.55 systems-mahagement

3.2 Service convention terms and definitions

[ISO/IEC 7498-3]

[ISO/IEC 7498-3]

[ISO/IEC 7498-3]

/IEC 7498-3]

| 8-3]

O/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]

This standard also makes use of the following terms defined in ISO/IEC 10731 as they apply

to the data-link layer:

3.2.1 acceptor
3.2.2 asymmetrical service

3.2.3 confirm (primitive);
requestor.deliver (primitive)

3.2.4 deliver (primitive)
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3.2.5 DL-confirmed-facility

3.2.6 DL-facility

3.2.7 DL-local-view

3.2.8 DL-mandatory-facility

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 DL-user-optional-facility

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 (primiti
acceptor.sub

3.2.21 submit @

iti

DL-segment, hi
single DL-subnet k’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

3.3.2

DLSAP

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

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the critical
distinction between DLSAPs and their DL-addresses. (See Figure 1.)
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DLS-user-entity

DLS-users

DLS-user-entity

s P N
s DLSAP- ~ P \\
DLSAE- address “yroup D=~ DLSAP-
addresses address address
DL -layer
Ph-layer
NOTE 1

3.3.3
DL(SAP)-addre@
either an individuat D

NOTE A single DL-enfity’may have multiple DLSAP-addresses associated with a single DLSAP.

3.3.5

extended link

DL-subnetwork, consisting of the maximal set of links interconnected by DL-relays, sharing a
single DL-name (DL-address) space, in which any of the connected DL-entities may
communicate, one with another, either directly or with the assistance of one or more of those
intervening DL-relay entities

NOTE An extended link may be composed of just a single link.

3.3.6
frame
denigrated synonym for DLPDU
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3.3.7

group DL-address

DL-address that potentially designates more than one DLSAP within the extended link. A
single DL-entity may have multiple group DL-addresses associated with a single DLSAP. A
single DL-entity also may have a single group DL-address associated with more than one
DLSAP

3.3.8
node
single DL-entity as it appears on one local link

3.3.9
receiving DLS-user
DL-service user that acts as a recipient of DL-user-data

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

3.3.10
sending DLS-user
DL-service user that acts as a source of DL-user-data

3.4 Additional Type 3 definitions

3.4.1

acknowledge DLPDU

reply DLPDU that contains no DLSDU
3.4.2

address extension

DLSAP address or regiory

3.4.3

bit time
time to transmit'

3.4.4

complete data t i vest and acknowledgement or response DLPDU

3.4.5
controller

hardware classqf the\communications entity
3.4.6

current master

token holder

3.4.7
data DLPDU
DLPDU that carries a DLSDU from a local DLS-user to a remote DLS-user

3.4.8
DL_status
status that specifies the result of the execution of the associated request

3.4.9
GAP
range of station (DLE) DL-addresses from this station (TS) to its successor (NS) irﬁm Io&ical
token ring, excluding stations above HSA ocuments
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3.4.10
GAP maintenance
registration of new Master and slave stations

3.4.11

isochronous mode

special operational mode that implies both a constant (isochronous) cycle with a fixed
schedule of high and low priority messages, and the synchronization of the DLS-users with
this constant (isochronous) cycle

3.4.12
local DLS-user
DLS-user that initiates the current service

3.4.13
message exchange
complete confirmed or unconfirmed data transfer

3.4.14
region/segment address
address extension that identifies a particular fieldbus, VQrk

NOTE This supports DL-routing between fieldbusses.

3.4.15
request data
DLSDU provided by the remote DLS-use

local DL.S-user

3.4.16

remote DLE
addressed DLE of a §
send/request DLPDU)

3.4.17 Q

remote DLS-user
addressed DLS-
indication primiti

intended receiving DLE of any resulting

guest (that is, the intended receiver of any resulting

DLPDU tra G a remote DLE to the initiating (local) DLE, and possibly other DLEs

NOTE When the remote BLE is a Publisher, the reply DLPDU also can be sent to several remote DLEs.

3.4.19
response DLPDU
reply DLPDU that carries a DLSDU from a remote DLS-user to local DLS-user

3.4.20
send data
DLSDU provided by a local DLS-user to a remote DLS-user

3.4.21

send/request DLPDU

DLPDU that carries either a request for data or a DLSDU or both from a local DLS-user to a
remote DLS-user
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device which is able to send clock synchronization DLPDUs

NOTE Link devices have time master functionality.

3.4.23
time receiver

device which is able to be time synchronized by a time Master

3.4.24
token holder

Master station that controls bus access

3.4.25
token passing

medium access method, in which the right to transmit is passed fro s
station in a logical ring

master

=

3.5 Common symbols and abbreviations

3.5.1 Data units

3.5.1.1 DLPDU
3.5.1.2 DLSDU
3.5.1.3 PhIDU
3.5.1.4 PhPDU

3.5.2 Miscellaneous

3.5.21 DL-

3.5.2.2 DLCE

3.5.2.3 D
3.5.2.4 D
3.5.2.5

3.5.2.6 DLM
3.5.2.7 DLS
3.5.2.8 DLSAP
3.5.2.9 FIFO
3.5.2.10 LLC
3.5.2.11 MAC
3.5.2.12 OSlI
3.5.2.13  Ph-
3.5.2.14 PhE
3.5.2.15 PhL

Full document details: IEC 61158-4-3 2010

DL-protocol data unit

DIxconnesiidn endpoint
entity (the local active instance of the Data Link layer)
Db-ayer
DL-management (as a prefix)
DL-management-service
DL-service
DL-service access point
first-in first-out (queuing method)
logical link control
medium access control
open systems interconnection
physical layer (as a prefix)
Ph-entity (the local active instance of the Physical layer)

Ph-layer Documents
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3.5.2.16 PhS Ph-service
3.5.2.17 PhSAP Ph-service access point
3.5.2.18 QoS quality of service

3.6 Type 3 symbols and abbreviations

3.6.1 ACK acknowledge(ment) DLPDU

3.6.2 ASM active spare time message

3.6.3 ASP active spare time period

3.6.4 BusID bus identification, an address extension
address) that identifies a particular bus
between DL-segments

3.6.5 CRX character receive execution

3.6.6 CS clock synchronization

3.6.7 CTX character transmit execu

3.6.8 DA

3.6.9 DAE

3.6.10 D_SAP

3.6.11 D_SAP_index

3.6.12
3.6.13
3.6.14
3.6.15
3.6.16
3.6.17
3.6.18
3.6.19

3.6.20

3.6.21

3.6.22

Full document details: IEC 61158-4-3 2010

DXM

ED o delimiter of a DLPDU
END-OF-ACTIVITY

E END-OF-DATA

EODA END-OF-DATA-AND-ACTIVITY

EXT address extension bit of a DLPDU

FC frame control (frame type) field of a DLPDU

FCB frame count bit of a DLPDU (FC field) used to eliminate lost or
duplicated DLPDUs

FCV frame count bit valid bit of a DLPDU, indicates whether the FCB
is to be evaluated

FCS frame check sequence (synchronous) or
frame checksum (asynchronous)

FLC fieldbus link control
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3.6.23 G GAP update factor, the number of token rotations between GAP
maintenance (update) cycles

3.6.24 GAPL GAP list containing the status of all stations in this station's GAP

3.6.25 IsoM isochronous mode

3.6.26 Hd Hamming distance, a measure of DLPDU integrity, the minimum
number of bit errors that can cause acceptance of a spurious
DLPDU

3.6.27 HSA highest station address installed (configured) on this fieldbus

3.6.28 L

3.6.29 LE

3.6.30 LEr

3.6.31 LMS

3.6.32 LR

3.6.33 LS L % vic

\_statug of the service primitive)

3.6.34 Isb

3.6.35 max

3.6.36 MCT

3.6.37 MP

3.6.38 mr

3.6.39 msb

3.6.40 MS . Send and Request Data with Multicast reply

3.6.41 number of retries per token rotation

3.6.42 n number of stations

3.6.43 NA no acknowledgement/response (DL/DLM_status of the service
primitive)

3.6.44 na number of active stations

3.6.45 NIL locally determined value

3.6.46 NO not ok (DL/DLM_status of the service primitive)

3.6.47 np number of passive stations

3.6.48 NR no response DL-data acknowledgement negative and send data
ok (DL_status of the service primitive)

3.6.49 NRZzZ non-return-to-zero (PhL), an encoding technique where
transitions occur only when successive data bits have different
values
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3.6.50
3.6.51

3.6.52
3.6.53
3.6.54
3.6.55

3.6.56

3.6.57

3.6.58

3.6.59
3.6.60
3.6.61

3.6.62

3.6.63

3.6.64
3.6.65

3.6.66
3.6.67
3.6.68
3.6.69
3.6.70

3.6.71
3.6.72
3.6.73
3.6.74
3.6.75
3.6.76

NS
OK

PhICI
PhPCI
PON
PS

PSP
RDH

RDL

Res
RET
RR

SDA_H/L

SDX

SDL1 to SDL5
SDN

SDN_HI/L

SM

SOA

SRC

Full document details: IEC 61158-4-3 2010
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next station, the station to which this master will pass the token

service finished according to the rules (DL/DLM_status of the
service primitive)

PhL Interface Control Information [ISO/IEC 7498-1]
PhL Protocol Control Information [ISO/IEC 7498-1]
power on transition occurs at a station

previous station, the station which passes the token to this
master station

passive spare time period

response DL-data high and no resource ¢
(DL/DLM_status of the service primitjxe

reserved
retry

no resource for ponse DL-data available
(negative ack

primitive)

end data and

n message transfer periods per second)
y DL-message exchanges are performed

singfe character acknowledge DLPDU

start delimiters of asynchronous DLPDU transmission
Send Data with Acknowledge (DL-service)

Send Data with Acknowledge high/low (DLPDU Function)

start delimiter of asynchronous or synchronous DLPDU
transmission

start delimiters of synchronous DLPDU transmission

Send Data with No Acknowledge (DL-service)

Send Data with No Acknowledge high/low (DLPDU Function)
state machine

START-OF-ACTIVITY

send receive control
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3.6.77
3.6.78
3.6.79
3.6.80

3.6.81

3.6.82
3.6.83

3.6.84
3.6.85
3.6.86
3.6.87
3.6.88
3.6.89
3.6.90
3.6.91
3.6.92
3.6.93
3.6.94
3.6.95
3.6.96
3.6.97
3.6.98
3.6.99
3.6.100
3.6.101
3.6.102
3.6.103
3.6.104
3.6.105
3.6.106

SRD
SRD_H/L
SRU
S_SAP

S_SAP_index

Stn
SYN

TA/R
TASM

tBIT
TCSI

TcT
TGUD

Tip
TIM

Tmp
TP
TPSP
TPT

TRCT

TRD

TRDY
TRES
TRR
TS
TSIR
Tsp
TSDI
TSDR

Full document details: IEC 61158-4-3 2010
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Send and Request Data with Reply (DL-service)
Send and Request Data with Reply high/low (DLPDU Function)
send receive unit

source service access point, the DLSAP associated with the
initiating local DLS-user

source service access point index — a component of a DLSAP-
address which designates that DLSAP within the DLE at which
the transaction is being initiated

station, a device implementing a DLE with a fig

synchronization
time to transmit an acknowledgexrt
ASM message time
bit time

clock synchronizati

rva tin@

isochronous s

GAP update

quiet time

real isochronous cycle time
receive delay time

ready time

spare time

real rotation time

this station

send/request DLPDU time
send delay time

station delay of initiator

station delay of responder

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-61158-4-3-2010
http://www.avadocuments.com/doc/iec-61158-4-3-2010

61158-4-3 © IEC:2010 - 23 -

3.6.107 TSET setup time

3.6.108 TsH time shift

3.6.109 Tg slot time

3.6.110 Tgm safety margin time
3.6.111 TgRr system reaction time
3.6.112 TSYN synchronization time
3.6.113 TSYNI synchronization interval time
3.6.114 T1c token cycle time
3.6.115 T1p transmission delay time
3.6.116 T1f token DLPDU time
3.6.117 TTH token holding time
3.6.118 Tt1o timeout time

3.6.119 Ttp token transfer period

ion timeé

3.6.120 TTR target rot

3.6.121 UART iver/transmitter
3.6.122 UC
3.6.123 UE Yerit, remote user interface error

ervice primitive)

4.1.1 Genera

Any refere
unsigned intege

an octet is a reference to the bit whose weight in a one-octet

NOTE 1 This is sometinfes referred to as “little endian” bit numbering.

As in other International Standards (see Note 2), DLPDU-level error detection is provided by
calculating and appending a multi-bit frame check sequence (FCS) to the other DLPDU fields
during transmission to form a "systematic code word"2 of length n consisting of kK DLPDU
message bits followed by n - k redundant bits, and by calculating during reception that the
message and concatenated FCS form a legal (n,k) code word. The mechanism for this
checking is as follows:

NOTE 2 For example, ISO/IEC 3309, ISO/IEC 8802 and ISO/IEC 9314-2.

The generic form of the generator polynomial for this FCS construction is specified in
equation (4) and the polynomial for the receiver’'s expected residue is specified in equation
(9). The specific polynomials for DL-protocol type 3 are specified in Table 1. An exemplary
implementation is shown in Annex B.

2) W.W. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambring‘@@.uments
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Table 1 — FCS length, polynomials and constants by Type 3 synchronous

Item Value

n-k 16

G(x) X16 + X12 + X111 + X10 + X8 + X7 + X6 + X3 + X2 + X + 1 (see Notes 1, 2, 3)
R(x) X185+ X14 + X13 + X9 + X8 + X7 + X4 + X2 (see Note 4)

NOTE 1 Code words D(X) constructed from this G(X) polynomial have Hamming distance 4 for lengths < 344
octets and Hamming distance 5 for lengths < 15 octets.

NOTE 2 This G(X) polynomial is relatively prime to all, and is thus not compromised by any, of the polynomials
commonly used in DCEs (modems): the differential encoding polynomial 1 + X-1 and all primitive scrambling
polynomials of the form 1 + X+ + Xk,

NOTE 3 This G(X) polynomial is the optimal 16-bit polynomial for burst error detectipn ove™DLPDUs of 300

The original message (that is, the DLPDU without a

message code word (the concatenated DLPDU and e regayded as vectors M(X),
F(X), and D(X), of dimension k, n -k, and n, resp ion field over Base
Galois Field(2). If the message bits are mq1 ... m ‘ are Ty-k-1 ... fg, where

4.1.2 At the sending DLE

mq ... mg

MgN-7 .- MgN

f7 ... fo
m+ f the message and fgp is sent by the
essage (not counting PhL framing
NOTE 1 This “as_trang > ing\l itical tQ the error detection properties of the FCS.
then the messa@c
M(X) = m (1)
and the FCS
F(X (2)

The composite
concatenation of t

D(X)

gr D(X), for the complete DLPDU, shall be constructed as the
essage and FCS vectors

M(X) Xn-k + F(X) (3)
mqXn-1 + moXn-2 + . + myXn-k + fn_k_1xn'k'1 .t fO
m4Xn-1 + moXn-2 + . + mgX16 + f15X15+ .. + fg

The DLPDU presented to the PhL shall consist of an octet sequence in the specified order.

The redundant check bits f_k-1 ... fg of the FCS shall be the coefficients of the remainder
F(X), after division by G(X), of L(X) (Xk + 1) + M(X) Xn-k

where G(X) is the degree n-k generator polynomial for the code words
G(X) = Xnmk+gpgqXnkt+ .. +1 (4)
= X16 + X12 + X111 + X10 + X8 + X6 + X3 + X2 + X + 1

and L(X) is the maximal weight (all ones) polynomial of degree n-k-1
XNn-K + 1

LX) = “xa7 = Xnkt+ Xnk2 4+ X + 1 Docurﬁents
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X15 + X14 + X13 + X12 + .+ X2+ X + 1

That is,
F(X)

L(X) (Xk + 1) + M(X) Xnk (modulo G(X)) (6)

NOTE 2 The L(X) terms are included in the computation to detect initial or terminal message truncation or
extension by adding a length-dependent factor to the FCS.

NOTE 3 As a typical implementation when n-k = 16, the initial remainder of the division is preset to all ones. The
transmitted message bit stream is multiplied by X"-k and divided (modulo 2) by the generator polynomial G(X),
specified in equation (4). The ones complement of the resulting remainder is transmitted as the (n-k)-bit FCS, with
the coefficient of Xn-k-1 transmitted first.

4.1.3 At the receiving DLE

The octet sequence indicated by the PhE shall be concatenated into th DLPDU and

FCS, and regarded as a vector V(X) of dimension u

V(X) = vqXu-1+ voXu-2 +  + vy 14X + vy (7)
NOTE 1 Because of errors u can be different than n, the dimension of the trapsmitted
A remainder R(X) shall be computed for V(X), the receiveq D and FGS, by a method
similar to that used by the sending DLE (see 4.1.2) in 20

R(X) = L(X) Xu+ V(X) Xn-k (modulo G(X)) (8)

= rpk-1Xnk1+ . +rg

Define E(X) to be the error code vec < -2) differences between the
transmitted code vector D(X) and the received ve Iting from errors encountered

E(X) = D(X)+ V( 9)

If no error has occurrefd, {) will equal a non-zero constant remainder

polynomial
Rok(X) = @ (10)
whose value is indep . ortunately R(X) will also equal Rgk(X) in those cases

where E(X) is an/s A [tiple of G(X), in which case there are “undetectable”
errors. In all oth& :
be discarded i

€ , the initial remainder of the division is preset to all ones. The received bit
divided (modulo 2) by the generator polynomial G(X), specified in equation (4).

NOTE Annex A specifies a number of finite state machines used by the DLE to provide its low-level and high-level
protocol functions. The specification of Annex A is complementary to the textual specification in this and related
clauses in the body of this standard. In case of conflict the requirements of Annex A take precedence.

5.1 General

From the requirements of the various application fields, for example, process control, factory
automation, power distribution, building automation, primary process industry etc., the
following characteristic features of the fieldbus data-link protocol are resulting (see Table 2).
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Table 2 — Characteristic features of the fieldbus data-link protocol

Feature Description

Station types Masters (active stations, with bus access control); Slaves (passive stations,
without bus access control); preferably at most 32 masters, optionally up to
127, if the applications are not time critical

Station addressing 0 to 127 (127 = global addresses for broad-cast and multicast messages),
address extension for region/DL-segment address and service access address
(DLSAP), 6 bit each

Bus access Hybrid: decentralized and central; "token-passing" between master stations
and "Master-Slave" between Master and slave stations

Data transfer services Send Data with/without Acknowledge
Send and Request Data with Reply

Send and Request Data with Multicast Reply

Clock Synchronization

DLPDU length max. 255 octets per DLPDU,
0 to 246 octets for each data unit without\addres tension

Transmission speed Depending on network topology and_cab for example, step-wise from
9,6 to 12000 kBit/s

Transmission characteristic Half duplex, asynchronous f(d %ch\ownsn}ifsion
Data integrity asynchronous Messages with Hammi dl\s\ﬁy& synh’(p detection, special
transmission sequence/o\avmd Ic;{q\ ic t|o data

Data integrity synchronous Hamming\dista for PDVen s shorter than 255 octets and Hd
transmission =5 for Ieng S sh te than 5 octets, spgcial sequence to avoid loss or
duplication ata
NOTE 1 The DLPDU format for asynchronous trang sion sWnat FT 1.2 (asynchronous transmission with
ystewms ich is specified in IEC 60870-5-1.
is

start-stop synchronization) for T control Equ ent
NOTE 2 The DLPDU format fo syn ronous t ission’i

d on octet characters.

5.2 Overview i trgl and transmission protocol
The fieldbus data-li d medium access accomplished by a hybrid medium
access method alized method according to the principle of token-passing is

underlain by a o&ent rding to the master-slave principle. Medium access
i each master station (active station). The token-passing is

EXAMPLE: Whenfour token holders produce the same amount of similar priority data they will share the media so
that on average eath_of them can use 25% of the available message transfer time. With the token-passing
procedure, rules exist to¥share the message transfer time between the token holders without discrimination of any
of them. In case of usage of the whole of the available token holding time by one token holder in one token rotation
this token holder is limited to one high priority message in the next token rotation after which it has to transfer the
token immediately.

b) Token-passing guarantees short reaction time.

EXAMPLE: For urgent messages, a maximum delay is specified for delivery of the information. Thus, a
configurable time (TTR) specifies the target rotation time. Independent of the number of token holders and the
amount of messages that have to be sent, at least one urgent message can be sent by each token holder. Thus, a
short reaction time is guaranteed for one urgent message from each token holding station in each token holding
period.

c) Token-passing allows flexible (re-)configuration.

EXAMPLE: When a token holder is switched on or off, it will be automatically included or excluded in the logical
ring. In the next token rotation after detection and inclusion in the logical token ring, the new token holder has the
same rights to send messages as the other token holders. The sharing of the bus message transfer time is
organized automatically without changing of parameters of the other token holders.

Medium access control may be exercised by each master station (active station) if the station
has the token. The token is passed from master station to master station in a logi g(?%mjents
thus determines the instant, when a master station may access the medivun. Controll
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passing is managed by each station knowing its predecessor (previous station, PS), the
station from which it receives the token. Furthermore, each station knows its successor (next
station, NS), that is, the station to which the token is transmitted, and its own address (This
station, TS). Each master station determines the PS and NS addresses after the initialization
of the operating parameters for the first time and then later dynamically according to the
algorithm described in 5.3.2.4.

The Master-Slave principle is characterized by the following features:

Communication is always initiated by a master station which has the permission for medium
access, the token. slave stations (passive stations) act neutrally in respect to medium access,
that is, they do not transmit independently but only on request. If the logical ring consists of
only one Master and several slave stations then it is a pure Master-Slave gystem

The following error conditions, exceptions and operational states in

— multiple tokens,

— lost token,

— error in token passing,

— duplicate station addresses,

— stations with faulty transmitter or receiver,
— adding and removing stations during qperati

— any combinations of master and sla

5.3 Transmission modes and DL-en
5.3.1 Overview

The exchange of mess ed or unconfirmed. A confirmed message
exchange consists 9 end/request DLPDU and the associated
acknowledgeme g L of ayMaster or a slave station. User data may be

transmitted in as well as in the response DLPDU. The
acknowledgement D any user data (for DLPDU formats see Clause 7).

An unconfirm hange’takes place only in case of token transmission and in
case of the/tra data without acknowledgement (for example, necessary for
broadcastm piodes of operation, there is no acknowledgement. In broadcast
messagegs a station (initiator) addresses all other stations at the same time by means
of a globaha est station address, all address bits are binary "1").

All stations exceptth€ respective token holder (initiator) shall in general monitor all requests.
The stations acknowledge or respond only when they are addressed. The acknowledgement
or response shall arrive within a predefined time, the slot time, otherwise the initiator repeats,
depending on the predefined retry limit, the request if it is not a "first request" (see 6.4, FCB).
A new request or a token shall not be issued by the initiator before the expiration of a waiting
period after receiving an acknowledge or response, the idle time (see 5.5).

If the responder does not acknowledge or respond after a predefined number of retries (see
Table 5), it is marked as "non-operational". If a responder is "non-operational", a later
unsuccessful request will not be repeated.

Documents

Document Sharing Hub

Full document details: IEC 61158-4-3 2010


http://www.avadocuments.com/doc/iec-61158-4-3-2010
http://www.avadocuments.com/doc/iec-61158-4-3-2010

- 28 - 61158-4-3 © IEC:2010

The modes of transmission operation define the sequence of the message transfer periods.
Three modes are distinguished

1) Token handling.
2) Send operation.
3) Send and request operation.

5.3.2 Token procedures
5.3.2.1 Token circulation

The token is passed from master station to master station in ascending numerical order of
station addresses by means of the token DLPDU (see 7.4). To close the log oken ring, the
station with the highest address passes the token to the station with the address, see
Figure 2.

5.3.2.2 Token reception

accept the token. Only a subsequent ret
receipt, because the token receiver shalf

/\MPS P3ST <l\; PS<TS<NS NS<PS<TS

» > > 6 - 9
S pel 7

\> Master stations

1 3 5 7 8 - _

Slave stations

where
TS is this station (address);
PS is previous station (address);
NS is next station (address);
master stations are 2, 4, 6 and 9 (addresses as an example);

slave stations are 1, 3, 5, 7 and 8 (addresses as an example).

Figure 2 — Logical token-passing ring
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5.3.2.3 Token transmission

After the master station has finished its message transfer periods - contingent maintenance of
the GAP station list (GAPL, see 5.3.2.4) included - it passes the token to its successor (NS)
by transmitting the token DLPDU. The functionality of its transceiver is checked by
simultaneous monitoring (see 8.2.11, "Pass_Token" state).

If, after transmitting the token DLPDU and after expiration of the synchronization time within
the slot time (see 5.5), the token transmitter receives a valid DLPDU, that is, a DLPDU header
without any errors, it assumes that its NS owns the token and executes message transfer
periods. If the token transmitter receives an invalid DLPDU, it assumes that another master
station is transmitting. In both cases it ceases monitoring the token passing and retires, that
is, it enters the "Active_Idle" state (see 8.2.5).

token DLPDU and waits another slot time. It retires thereafter,
within the second slot time. Otherwise, it repeats the token DLPD

medium at any moment.
addition of new stations

a)and 7.1.2 &

7 GAP maintenance starts immediately after all queued message
transfer periods been executed, if there is still transmission time available (see 5.3.2.6).
Otherwise, GAP maiptenance starts upon the next or the consecutive token receipts after the
high priority message transfer periods and other low priority services invoked before the
previous GAP maintenance have been performed (see 5.3.2.7). In realizations, care is
necessary to ensure that GAP maintenance and low priority message transfer periods do not
block each other.

GAP addresses are examined in ascending order, except the GAP which surpasses the HSA.
For example, if the HSA and address 0 are not used by a master station, the master station
with the highest address examines address 0 after checking the HSA.

If a station acknowledges positively with the DL status "Master station not ready to enter
logical token ring" or "Slave station" (see Table 3, b7=0, Code-No 0, no SC, and Figure 20), it
is accordingly marked in the GAPL and the next address is checked. If a station answers with
the state "Master station ready to enter logical token ring", the token holder changes its GAPL
and LMS and passes the token to the new NS. This station, which has newly been admitted to
the logical token ring, has already built up its LMS, when it was in the "Listen_Token" state,
so that it is able to determine its GAP range and its NS. Documents
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If a station answers with the DL status "Master station in logical token ring", then the token
holder does not change its GAP and passes the token to the NS given in the LMS. Thus the
skipped master station may retire from the bus in case of permanent not receiving the token.
In this case the master station shall enter the "Listen_Token" state. In this state it generates a
new LMS and remains in this state until it is addressed once more by a "Request DL Status
with Reply" transmitted by its predecessor (PS).

Stations which were registered in the GAPL and which do not respond to a "Request DL
Status with Reply" are removed from the GAPL and are recorded as unused station
addresses.

Due to performance requirements repeated requests of "Request DL Stat
not desired.

with Reply" are

5.3.2.5 (Re)initialization of the logical token ring

activity within Time-out Time TTQ (see 5.5)), then the
("Claim_Token" state) and start initialization.

enter logical token ring", isg’tegi 3 MS“and thus closes the GAP range of the
token holder. Then the tok < ~ to its NS.

activity). In this
GAPL already exis

Reinitialization beiom S S of the token, which causes a time-out (no bus
the lowest address, Ql d starts executing regular message transfer periods

5.3.2.6 To
After receiving\e e DL-entity may carry out high priority and low priority message
transfer perigds™Naccording’to the token rotation time. The token rotation time is measured by

target rotation time R and decremented with each bit time. The token-rotation-timer stops if
the value zero is reached.

The token rotation time shall be measured according to the following rules:

— immediately after token reception the master station shall read the current value of the
token-rotation-timer (token holding time TTH) to calculate the real rotation time TRR
(difference between the target rotation time and the current value of token-rotation-timer)
and shall start the token-rotation-timer with the value target rotation time (TTR)

— the TRR represents always the token rotation time of the last token rotation (from the
viewpoint of this station)

A system's minimum target rotation time depends on the number of master stations and thus
on the token transfer period (TTp) and the duration of high priority message transfer periods
(high Tpmp). The predefined target rotation time TTR shall also contain sufficient time for low
priority message transfer periods and a safety margin for potential retries.
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In order to keep within the system reaction time required by the field of application, the target
rotation time TTR of the token in the logical ring shall be specified.

The system reaction time is defined as the maximum time interval (worst case) between two
consecutive high priority message transfer periods of a master station, measured at the DLS-
user interface at maximum bus load.

In order to achieve a target rotation time as short as possible, it is recommended for the DLS-
user (see IEC 61158-5-3), to declare only important data as high priority message transfer
periods and to restrict their length (for example, < 32 octets for the DLSDU, see 6.6).

If the transfer periods defined in 5.6 (equations (52) and (59) as well a and (60)) are
included and possible retries are taken into consideration, the operating parareter "target
rotation time TTR" (see 5.6 and Table 5), which is necessary for initfalization (mia TTR), is
calculated for the DLS-user as follows:

min TTR=naxTTp+(na+ 1) xhighTyp + kxlow T (11)

where

na is the number of master stations;

TTP is the token transfer period
T™MP

mt

TRMP is the messadge re

The first term contai

contains one high prig
contains the 4@.-
The fourth term serve

ity message transfer periods per token rotation.
for potential retries. The maximum reaction time for

class of the DL services the DLS-user (application layer) can choose
between~two “pxorities: low and high. The priority is passed to the DLE with the service
request.

After token reception, each master station may always execute one high priority message
transfer period including retries in the case of an error independently of the token holding time

TTH.

Further high or low priority message transfer periods may be executed according to the
following rules if TTH is still available (see 5.5.5).

— High or low priority messages may be carried out if the calculated real rotation time (TRR)
is less than the current value of the token-rotation-timer before the instant of execution of
message sending.

— Once a high or low priority message transfer period is started, it is always completed,
including any required retry (retries), even if the token-rotation-timer is less than or equal
to the value of TRR during the execution.

— |If there is no TTH available (the TRR is greater than the current value of the token-
rotation-timer before the instant of execution of message sending) then the token shall be

passed to NS immediately. Documents

Document Sharing Hub

Full document details: IEC 61158-4-3 2010


http://www.avadocuments.com/doc/iec-61158-4-3-2010
http://www.avadocuments.com/doc/iec-61158-4-3-2010

-32 - 61158-4-3 © IEC:2010

NOTE 1 The prolongation of the token holding time TTH automatically results in a shortening of transmission time
for message transfer periods at the next token receipt.

NOTE 2 For further explanation refer to Annex A and Annex C.
5.3.3 Send or send/request mode

In the send or send/request mode, single message transfer periods are conducted
sporadically. The master station's DL-entity initiates this mode due to a local user's request
upon receipt of the token. If there are several requests, this mode of operation may be
continued until the maximum allowed token holding time expires.

5.4 Service assumed from the PhL

5.4.1 Asynchronous transmission
5.4.1.1 PhS transmission and reception services
The PhL data service includes two service primitives. A request

service by the DL-entity; an indication primitive is used t&
DL-entity. The names of the respective primitives are as follow

gquest a
fion to the

Ph-AsYN-DATA request
Ph-AsYN-DATA indication
The temporal relationship of the primitives is sh

Ph-AsYN-DATA request (DL_symbol)

The parameter DL_symbol shall have one of the following values:

a) ZERO corresponds to a binary "0",
b) ONE corresponds to a binary "1",
c) SILENCE disables the transmitter when no valid DL symbol is to be transmitted.

The Ph-AsYN-DATA request primitive is passed from the DL-entity to the PhL-entity to request
that the given symbol shall be sent to the fieldbus medium.

The reception of this primitive shall cause the PhL-entity to attempt encoding and
transmission of the DL-symbol.
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The Ph-ASYN-DATA request is a primitive, which shall only be generated once per DL-symbol
period (tg|T). The PhL-entity may confirm this primitive with a locally defined confirmation
primitive.

Ph-AsYN-DATA indication (DL_symbol)

The parameter DL_symbol shall have one of the following values:

— ZERO corresponds to a binary "0",
— ONE corresponds to a binary "1".

The Ph-ASYN-DATA indication primitive is passed from the PhL-entity
indicate that a DL-symbol was received from the fieldbus medium.

e DL-entity to

The Ph-AsSYN-DATA indication is a primitive, which shall only be gep
DL-symbol period (tB|T).

5.4.2 Synchronous transmission

5.4.2.1 General

This subclause defines the assumed physical service (P imjti nd their constraints on

NOTE Proper layering requires that an (N+1)xlayenenti » and that an (N)-service interface
not overly constrain, the means by which an (N)> . Thus the Ph-service interface does
not require DLEs to be aware of internal details ple, preamble, postamble and DLPDU
delimiter signal patterns, number of bits per bayd), and shouldot prevent the PhE from using appropriate evolving

The granularity of tra

PhS-user data a?itim
5.4.2.2.1 PhS charza

tocol is one octet. This is the granularity of
jled at the PhL — DLL interface.

where

minimum-data-rate — specifies the effective minimum rate of data conveyance in bits per
second, including any timing tolerances, of any PhE on the local link.

NOTE 1 A PhE with a nominal data rate of 1 Mbit/s + 0,01 % would specify a minimum data rate of
0,9999 Mbit/s.

framing-overhead — specifies the maximum number of bit periods, where

period = 1/data rate,
used in any transmission for PhPDUs which do not directly convey data (for example,
PhPDUs conveying preamble, DLPDU delimiters, postamble, inter-DLPDU “silence”, and
so on).

NOTE 2 If the framing overhead is F and two DL message lengths are L{ and L2, then the time to send two
immediately consecutive messages of lengths L1 and L2 will be at least as great as the time required to send
one message of length L4 + F + L2.

If this framing-overhead is more than the DLEs configured per-DLPDU- Ph -overhead,
V(PhLO), then the DLE shall report this discrepancy to DL-managemenrt a esluments
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issue Ph-DATA requests while the discrepancy exists.

NOTE 3 This restriction prohibits DLE transmission while this discrepancy exists. The DLEs local station
management may remedy this discrepancy by reconfiguring V(PhLO) to a greater value.

5.4.2.2.2 PhS transmission and reception services

The PhS is assumed to provide the following service primitives for transmission and
reception:

Ph-DATA request (class, data);
Ph-DATA indication (class, data);

Ph-DATA confirm (status)

where

commence;

DATA — the single-octet value ©
as part of a continuous correctly-

concluded.with)correct reception of PhPDUs implying END-OF-DATA,;

END-OF-ACTIVITY — the ongoing reception (of an apparent transmission from one or
more PhEs) has concluded, with no further evidence of PhE transmission;

END-OF-DATA-AND-ACTIVITY — simultaneous occurrence of END-OF-DATA and END-OF-
ACTIVITY;

data — specifies the Ph-interface-data (PhID) component of the PhIDU. It consists of one
octet of Ph-user data to be transmitted (Ph-DATA request) or which was received
successfully (Ph-DATA indication).

status — specifies either success or the locally detected reason for inferring failure.

The Ph-DATA confirm primitive provides the critical physical timing feedback necessary to
inhibit the DLE from starting a second transmission before the first is complete. The final
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Ph-DATA confirm of a transmission shall not be issued until the PhE has completed the current
transmission.

5.4.2.3 Notification of PhS characteristics
The PhE has the responsibility for notifying the DLE of those characteristics of the PhS which

are relevant to DLE operation. This notification is accomplished by the PhE by issuing a
single Ph-CHARACTERISTICS indication primitive at each of the PhEs PhSAPs at PhE startup.

5.4.2.4 Transmission of Ph-user data

The PhE determines the timing of all transmissions. When a DLE has a DLPDU to transmit,

consecutive requests, inclusive, specifying DATA; and conclud
specifying END-OF-DATA-AND-ACTIVITY.

b) a single inditatio
specifying DA o)

NOTE This last seqie s i ve of an incomplete or incorrect reception. Detection of an error in the
sequence 9 { e PhEs reception process, disables further Ph-DATA indications with a class
parametef spect DA A, OF-DATA, or END-OF-DATA-AND-ACTIVITY until after both the end of the current period
of activity and_the gtart\of™a _sul’sequent period of activity have been reported by Ph-DATA indications specifying
END-OF-ACTIVIT -OFYACTIVITY, respectively

In the first two cases, the DLE concatenates the received data and then attempts to parse it
into a DLPDU followed by a concatenated FCS. In the last case the DLE discards all reported
data and reports the event to DL-management.

5.5 Operational elements
5.5.1 Overview

The following times T are measured in bits. A time t in seconds (s) shall therefore be divided
by the bit time tg|T.

5.5.2 Bit time tBIT

The bit time tg|T is the time, which elapses during the transmission of one bit. It is equivalent
to the reciprocal value of the data rate:
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1 .
tBIT = Jata rate 15 Pit'] (12)

5.5.3 Asynchronous transmission
5.5.3.1 Synchronization time (TSYN)

The synchronization time TgyN is the minimum time interval during which each station shall
receive idle state (idle = binary "1") from the transmission medium before it may accept the
beginning of a send/request DLPDU or token DLPDU. The value of the synchronization time
shall be set with:

TsyN = 33 bit (13)

5.5.3.2 Synchronization interval time (TSYN])

between two
itters”. The

The synchronization interval time TsyN| is the maximum allo
consecutive synchronization times (TsyN), in order to detect

§ \ Maximum length of the DLPDU

(Q) o
< (\\\y Number of DLPDUs
/\/\ “\/ Number of message transfer periods

ssage transfer periods, each of which consists of two
e related synchronization times. A transmission

(14)

ast bit until the transmission or receipt of a following DLPDUs first bit
ynsmission medium, that is, including line receiver and transmitter). The
following three sta delays are defined:

a) Station Delay of Initiator (station transmitting request or token DLPDU):
TSDI
b) Minimum Station Delay of Responders (stations which acknowledge or respond):

min TSPDR
¢) Maximum Station Delay of Responders:

max TSDR
5.5.3.4 Quiet time (TQul)

When transposing the NRZ signals into a different signal coding, the transmitter fall time after
switching off the transmitter (at the initiator) shall be taken into account if it is greater than

TSDR.
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During this quiet time TQu, transmission and receipt of DLPDUs shall be disabled. This shall
also be taken into account when using self-controlled repeaters, whose switching time shall
be taken into consideration. The implementation shall ensure, that the following condition is
fulfilled:

TQul < min TSPR (15)
In order to fulfil this condition, it may be necessary to prolong min TSpR.

5.5.3.5 Ready time (TRDY)

to receive an
shall ensure,

The ready time TRpDY is the time within which a master station shall be re
acknowledgement or response after transmitting a request. The impleme
that the following condition is fulfilled:

TRDY < min TSPR (16)
In order to fulfil this condition it may be necessary to prolong~qi

me shall also be
shall not be enabled

When transposing NRZ signals into a different signa
taken into consideration when switching off the trang
before this time:

TQul < TRDY (17)

In order to fulfil this condition, it may be necess
accordingly.

prolong TRpDY and thus min TSDR

5.5.3.6 Safety margi

The following ti ety margin TgMm:

(18)

sires from the occurrence of an event (for example, an
ent DLPDU or when synchronization time expires) until the
(for example, to start synchronization time or to enable the

The idle time T|px is the time which expires at the initiator either after receipt of a DLPDUs
last bit (measured at the line receiver) as idle = binary "1" on the transmission medium, until a
new DLPDUs first bit is transmitted on the medium (including line transmitter) or between
transmitting the last bit of a DLPDU which is not to be acknowledged and transmitting the first
bit of the next DLPDU. The idle time shall be at least the synchronization time plus the safety
margin Tg)\ (see Figure 4, Figure 5 and Figure 6 case a)).

TIDx 2 TSYN + TSM (19)

At high data rates (see Figure 4, case b) and c) and Figure 5 case b)) the synchronization
time is very short, hence the station delays become significant and shall be taken into
consideration.

Two idle times are distinguished. After an acknowledgement, response or token DLPDU the
idle time shall be calculated as follows:
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Ack./Res./Token
Responder: |————— |
\
\
\
\\ Tio1 Send/Req./Token
Initiator: ———— . >
a) Tsyn + Tsm
orb) min Tgpg
orc) Tspi

Figure 4 — Idle time T|pD1

TID1 = max ((TSYN + TSM ), (min TSDR). TSDI) (20)
Care shall be taken that the time to update the LMS is not gfeate Y is can be
accomplished by prolonging TSET or min T§pDR. S cannot be
reached with the range of value of TSET, than the min TR shal\be\s
After a send DLPDU which is not to be acknowledged SD e idle time shall be
calculated as shown in Figure 5 and equation 34

Initiator:

TID2 = max ((¥ 8 (21)

Also, after a respo 8 D) the idle time shall be calculated as shown in Figure 6

and equationr

A\
AN Tioz Send/Req./Token
Initiator: bt - |
a) Tsvn *+ Tsm
orb) max Tgpr

Figure 6 — Idle time T|p2 (MSRD)

5.5.3.8 Transmission delay time (TTD)

The transmission delay time T1p is the maximum time, which elapses on the transmission
medium between transmitter and receiver when a DLPDU is transmitted. When computing it,
delay times of repeaters shall be considered, if necessary.
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EXAMPLE for computing the transmission delay time: given a line length of 200 m without repeaters, tTp is
approximately 1 ys and thus at 500 kbit/s

TTD = (1us x 500 kbit/s) = 0,5 bit.
5.5.3.9 Slot time (TsL)

The slot time Tg| is the maximum time the initiator shall wait for the complete receipt of the
first character (see 6.1.1, UART character, 1 UC = 11 bits) of the immediate
acknowledgement or response DLPDU, after transmitting the last bit of a send/request
DLPDU (including the line transmitter) (see Figure 7). Furthermore, TgL is the maximum time
the initiator waits for the token receiver's first UART character (1.UC) after transmitting a
token DLPDU (see Figure 8). Theoretically, two slot times are distinguished. After a
send/request DLPDU the slot time shall be calculated as follows:

Send/Req.

Initiator: |—|

TsL1=2xTTp + max TSDR i (22)

ORANNA 7= >
—P T,y

. 1.uUc
Qr: |----» — |
\ TSYN /
\\ / T
T |
™ T
\ /
i
R der:l—l____*|_|_—|
max Tp, Send/Req./Token

Figure 8 — Slot time Tg| 2
TsL2=2xTTp + maxT|p1 + 11bit+ Tgm (23)
In order to simplify the realization, only one slot time, the longer one, may be used in the

system. This does not influence the system reaction time negatively, as the slot time is a pure
monitoring time.

TsL =max (TsL1, TsL2) (24)

5.5.3.10 Time-out time (TTQ)

The time-out time TTQ serves to monitor the Master and slave stations’ bus activity and idle
time. Monitoring shall start either immediately after PON, in the "Listen Joken" or
"Passive_|dle" state, or later after receiving the last bit of a DLPDU. It .shal@€UtBIEeNnts
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receiving the first bit of the following DLPDU. If the phase of no bus activity times out, the bus
shall be regarded as inactive. (This is an error case, for example, due to a lost token DLPDU.)
The time-out interval shall be set to:

TTO=6xTgL + 2xnxTgL (25)

For master stations: n = station address (0 to 126)

For slave stations: n =130, independent of the station’s address

The first term ensures that there is sufficient difference to the maximum permissible idle time
between two DLPDUs. The second term ensures that not all master statio slaim the token
at the same moment after an error has occurred.

5.5.3.11 GAP update time (TGUD)

The GAP update time Tgyp serves for initializing GAP main Ster station.
After the first generation of the GAPL, update of the GAP in Ni initialized after
every interval Tgup. This initialization takes place at the ® ' ibye
is still token holding time available after the regular D fer periteds, or during later
token holding phases. The GAP update time is a muy . 3 otation time TTR and
shall be set to:

TeuD=G xTTR (where 1 < (26)
TTR is the target rotation time (see 5.3
5.5.3.12 Isochronousy
5.5.3.12.1 Isochronofis
The isochronou c pervise the isochronous cycle. The first cycle
starts by sendin Y after reception of the token DLPDU.
5.5.3.12.2 Isoy iZa DLPDU time (TSYNCH)
The isochro onization DLPDU time describes the time, which is needed to
send the.SYXNCH ™D the start of a new IsoM cycle. The value of the IsoM
synchroqizatiQ

TSYNCH it = i (27)

| UART character

Length of the SYNCH DLPDU

5.5.3.12.3  Active spare time DLPDU time (TASM)

The active spare time DLPDU time describes the duration that is needed to send an active
spare time (ASP) DLPDU.

TASM = TIiD1 + (6 x 11 bit) (28)

| UART character

Length of the ASP DLPDU
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5.5.3.12.4 Real isochronous cycle time (TRCT)

The real isochronous cycle time is the read value of the isochronous-cycle-timer.

5.5.3.12.5 Spare time (TRES)

Within the isochronous cycle the token is passed by the IsoM Master after the transmission of
all high priority messages and the number of configured low priority messages. After receiving
the next token addressed to the IsoM Master, the station read the isochronous cycle timer
(TRCT) in order to calculate the remaining time before the next SYNCH DLPDU is to be sent.

TRES =TcT-TRCT (29)
Within the spare time, at least one active spare time DLPDU shall er active
spare time, DLPDUs shall be valid.

TRES > TASM +TID1 (30)
5.5.3.12.6 Passive spare time (TpspP)

The passive spare time denotes the part of isochroRous v e IsoM Master shows
no bus activities. It shall be less than ini i Ty O under consideration of

possible delays in the stations and dd
follow:

TpSp <6 xTsL—-TsM -2 x TTD (31)

Tpsp > TID1 + TASM a 3 (32)

5.5.3.12.7 Time sh
The time shift i@ i

time when the passgi

the measured cycle time and the calculated cycle

TSH (33)

itive at the DLE of the time master and the DLPDUs last bit of a resulting
ransmitted by the time master.

EVENT.request pri
TE DLPDU (see 7.

5.5.3.14 Receive delay time (TRD)

The receive delay time is the time that elapses at a time receiver between the receiving of the
last bit of a TE DLPDU (see 7.7) and the receiving of a DLPDUs last bit of a CV DLPDU (see
7.8).

5.5.3.15 Clock synchronization interval time (TcsJ)

The clock synchronization interval time is used to monitor the synchronization sequences
within the DLE.
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5.5.4 Synchronous transmission
5.5.4.1 Synchronization time (TSYN)

The synchronization time is the minimum time interval during which each station shall receive
no activity from the transmission medium before it may accept the beginning of a
send/request DLPDU or token DLPDU.

The synchronization time shall correspond to the post-transmission gap time (TpTg) that is
defined in 9.2.8 of IEC 61158-2. Its value shall be set to at least 4 bit and may be increased
by the DLMS-user up to 32 bit.

TSYN = TPTG = TQuI (34)
TSYN = 4 to 32 bit (35)
5.5.4.2 Synchronization interval time (TSYN])
The synchronization interval time TgyN| is the maximum S \ i val ‘between two
consecutive synchronization times (TSyN), in order to d 2
The value of TgyN| shall be set as follows:
672 bit (36)

Maximum length of the DLPDU

PhPCI

TSYN

sj\/\) Number of DLPDUs

Number of DLPDU transfer periods

This value plete message sequences, each of which consists of two DLPDUs

of maximum d the associated maximum PhL Protocol Control Information (PhPCI:
Preamble, Start imiter, End Delimiter) and the maximum synchronization time (post-
transmission gap). A transmission disturbance is permitted in one of those synchronization
times.

5.5.4.3 Station delay time (TSpx)

The station delay time Tgpx is the period of time, which may elapse between the
transmission or receipt of a DLPDUs last octet until the transmission or receipt of a following
DLPDUs first octet (with respect to the transmission medium, that is, including line receiver
and transmitter). The following three station delays are defined:

a) Station Delay of Initiator (station transmitting request or token DLPDU)
TsDI

b) Minimum Station Delay of Responders (station that acknowledges or responds)

min TSDR Documents
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¢) Maximum Station Delay of Responders
max TSPDR

5.5.4.4 Quiet time (TqQul)

The transmitter fall time or repeater switch time corresponds to the post-transmission gap
time (TgyN)- The following shall apply:

TQul = TpTGg = TSYN (37)

5.5.4.5 Ready time (TRDY)

The ready time TRpY is the time within which a Master station shall pe\ready to receive an
acknowledgement or response after transmitting a request. The impJementation _shall ensure,
that the following condition is fulfilled:

TRDY < min TSDR (38)

During the quiet time Tqy)|, transmission and receip{ ¢ all be disabled. The

implementation shall ensure, that the following ¢bnditie

TQul = TpTg = TsYN < TRDY (39)

In order to fulfil this condition the min\Tg
necessary.

seased according to equation (38) if

5.5.4.6 Safety mangi

The safety mar@ nterval:

TSM = 2 bit K2 (40)
TSET h expires from the occurrence of an event (for example, an
interrupt on the 12 ent DLPDU or on synchronization time expiration) until the

The idle time T|px iS"the time which expires at the initiator after a Ph-DATA indication primitive
until sending of a new DLPDU with Ph-DATA request primitive or after passing a Ph-DATA
request primitive with a Ph-DATA confirm primitive to transmit a DLPDU which is not to be
acknowledged until passing a new Ph-DATA request primitive for transmitting the next DLPDU.
The idle time shall be at least the synchronization time plus the safety margin Tg\.

TiIDx 2 TSYN + TSM (41)

Two idle times are distinguished (see description of idle time in 5.5.3.7, Figure 4, Figure 5,
and Figure 6). After an acknowledgement, response or token DLPDU the idle time shall be
calculated as follows:

TiD1 = max ((TSYN + TsMm), (min TSDR), TSDI) (42)
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Care shall be taken that the time to update the LMS is not greater than T|p1. This can be
accomplished by prolonging TSgT or min TgpR. If the necessary prolongation cannot be
reached with the range of value of TSgT, then the min TSpR shall be made longer.

After a send DLPDU, which is not to be acknowledged (SDN, CS), the idle time shall be
calculated as follows:

TiD2 = max ((TSYN + TsMm), (max TSDR)) (43)

5.5.4.8 Transmission delay time (TTD)

The transmission delay time TTp is the maximum time, which elapses gn-the transmission
medium between transmitter and receiver when a DLPDU is transmitted.(Whenxcomputing it,

5.5.4.9 Slot time (TsL)

The slot time Tg| is the maximum time the initiator shall
primitive for transmitting a request DLPDU from the P
the first Ph-DATA indication primitive as an
acknowledgement or response (see Figure 9).
initiator shall wait for a Ph-DATA indication pri
receiving the first DLPDU octet from/t tically, two slot times are
distinguished (see Figure 10). After a_se g ¢ following slot time shall be
calculated:

Figure 9 — Slot time Ts|1

TsL x TSDR + TPRE + 16 bit + Tgpm (44)

After a token DLPDWthe following slot time shall be calculated:

_____________ .>
=T
Token pret16 ™
Initiator: |—|_____>
\ TSVN ]
\\ ! T
T. !
™ | ™
\ !
1
Responder: |—| e — "H—|
max Typ Send/Req./Token

Figure 10 — Slot time Tg|2
TsL2=2xTtp+maxT|pq1 + TPRE *+ 16 bit + Tsm DOCljﬁ)'ientS
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where TprEg is Preamble period (see IEC 61158-2)

In order to simplify the realization, only the longer slot time may be used in the system. This
does not influence the system reaction time negatively, as the slot time is merely a monitoring
time.

TsL = max (TsL1, TSL2) (46)

5.5.4.10 Time-out time (TTQ)

The time-out time TTQ serves to monitor the Master and Slave stations’ bus activity and idle
time. Monitoring shall start either immediately after PON, in the isten_Token" or

"Passive_ldle" state, or later after the reception of a Ph-DATA indication . It shall end
upon receipt of a Ph-DATA indication primitive for reception of the firsfNo a following
DLPDU. If the phase of no bus activity times out, the bus shall be rg i (This
is an error case, for example, due to a lost token DLPDU.). The tim set to

the following value:

TTO=6xTgL+2xnxTgL (47)
For Master stations: n = station address (0 to/126
For Slave stations: n = 130, independ
5.5.4.11 GAP update time (TGUD)
5.5.3.11 shall apply.
5.5.4.12 Isochronous k
5.5.4.12.1 Isochrono
5.5.3.12.1 shaII.
5.5.4.12.2 Iso)
The isochrop® ization DLPDU time describes the time, which is needed in
order to seny DU at the start of a new IsoM cycle. The value of the IsoM
synchrogfiza
TSYNC (48)

Octet

Length of the SYNCH DLPDU

PhPCI: Start Delimiter and End Delimiter

PhPCI: Preamble (2 octets)

5.5.4.12.3 Active spare time DLPDU time (TASM)

The active spare time DLPDU time describes the duration that is needed to send an active
spare time (ASP) DLPDU.
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TASM = TPTG + 16 bit + 16 bit + (6 x 8 bit) (49)

Octet
Length of the ASP message

PhPCI: Start Delimiter and End Delimiter

PhPCI: Preamble (2 octets)

5.5.4.12.4 Real isochronous cycle time (TRCT)

5.5.3.12.4 shall apply.

5.5.4.12.5 Spare time (TRES)

5.5.3.12.5 shall apply.

5.5.4.12.6 Passive spare time (TPSP)

The passive spare time denotes the part of isochronous E Master shows
no bus activities. It shall be less than the minimum {ime-out i der consideration of
possible delays in the stations and during transmis ' re time is defined as
follow:

TpSp<6xTsL-TsM-2xTTD (50)
TPSP > TID1 + TASM + max TS (51)

5.5.4.12.7 Time shift

5.5.3.12.7 shall apply.

5.5.4.13 Send

The send delay # € elapses between a passed DL-CS-TIME-EVENT request
primitive to the DL E ¥ q er and the DLPDUs last octet of a resulting TE DLPDU
(see 7.7) tra i master.

DLPDUs last octetafa TE DLPDU (see 7.7) and the last octet of a CV DLPDU (see 7.8).

5.5.4.15 Clock synchronization interval time (Tcs|)

Subclause 5.5.3.15 shall apply.

5.5.5 Timers and counters
5.5.5.1 Asynchronous transmission
5.5.5.1.1 Timers

In order to measure the token rotation time and to realize the supervisory times the following
timers shall be implemented:

token-rotation-timer, idle-timer, slot-timer, time-out-timer, syn-interval-timer, GAP-update-
timer, isochronous-cycle-timer, passive-spare-timer, send-delay-timer and re 've—deI%—ents

timer. ocu
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token-rotation-timer: When a Master station receives the token, this timer is loaded with the
target rotation time TTR and decremented each bit time. When the station again receives the
token, the timer value, the remaining time or token holding time TTH, is read and the timer
reloaded with TTR. The real rotation time TRR results from the difference TTR - TTH.

The token-rotation-timer can be read out at every moment, representing always the value of
the actual token rotation. Low priority message transfer periods may be processed if at the
instant of processing the real token rotation time is less than the value of the actual token
rotation.

idle-timer: This timer monitors the idle state (binary "1"), the synchronization time,
immediately on the bus line. The synchronization time preceding each request is necessary
for unambiguous receiver synchronization. The idle-timer of Slave
stations "without token" is loaded with TgyN after the transmission gr'receipt o a DLPDUs
last bit and then decremented each bit time. The receiver shall be en i

the timer has expired. The timer of a Master station "with token"
data transm|SS|on service W|th T|D1 or T|D2 (see 5.5.3). A new

receiving statlon responds or becomes active W|th|
After transmission of a DLPDUs Iast bit this time

received, an error has occurred. The
initiated.

time-out-timer: This timer monitors \bus iVity\i , i .
transmission or receipt of 3t bi timexis’loaded with a multiple of the slot time

e as tongh\ag no new DLPDU is received. If the timer

syn-interval-timer” )y G > stations use this timer to monitor the transmission
medium whether 3 ‘ 3 zirfg (TSYN, idle state, idle = binary "1") occurs within
TsyNI- Each i ' is sy chronized, the timer is loaded with TgyN| (see 5.5.3).

From the beginning ofa start bit) the timer is decremented each bit time as long
as no new Kgy d. INthe timer expires, an error has occurred on the transmission
medium "0" or permanent "0" / "1" edges. The DLMS-user is notified
accordingly.

GAP-update-timer: Only Master stations need this timer. Its expiration indicates the moment
for GAP maintenansé. After a complete GAP check, which may last several token rotations
(segmented; see 5.3.2.4), the timer is loaded with a multiple (G) of the target rotation time
TTR (see 5.3.2.6).

G

NOTE For ease of implementation, this timer can be implemented as a counter, decremented at each token
receipt.

isochronous-cycle-timer: The timer supervises the isochronous cycle. It is loaded with value
equal to 0 at the starting point of the isochronous mode (after receiving the first token) and
increments every bit time. The timer is readable at any time. The timer is started either by
loading with the value equal to 0 at the first beginning of the isochronous cycle or after
expiration of the passive-spare-timer. In cases the timer is started too late, it is loaded with
the value of the time difference between the real isochronous cycle time of the last cycle and
the isochronous cycle time.

passive-spare- timer: This timer monitors the idle time before sending a SYNCH message. It
shall be set according to the time difference between TcT and the current value of the
isochronous-cycle-timer TRCT at the end of the last ASP message if the dlfferencnoguments
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than 0. The transmission of the last bit of the last ASP message in an isochronous cycle starts
this timer. In the isochronous mode after expiration of the passive-spare-timer, a SYNCH
message shall be sent and a synch notification event shall be sent to the DLMS-user.

send-delay-timer: When the time master receives a DL-CS-TIME-EVENT request primitive
from the local DLS-user, this timer is started with the value = 2 x Tcg| and decremented each
bit time. The timer is stopped after confirmation of the transmission of the last portion of a TE
DLPDU (see 7.7). The value of send delay time is calculated as the difference between the
start value (2 x Tgs|) and the read send-delay-timer value. The calculated send delay time is
passed to the local DLS-user. In case the timer has expired, the DLS-user is notified of a
clock synchronization sequence violation.

receive-delay-timer: When the time receiver receives the DLPDUs last(bit of\a TE DLPDU
(see 7.7), this timer is started with the value = 2 x Tcg| and decremepted each bit time. The
S e of the

For Master stations:

DL Status wi

— counter for triEs i U_sent_count), except for the SDN and Request
— counter for trarnsy

For Slave and Mastefr stations:

— counter for received valid start delimiters (SD_count)

— counter for received invalid start delimiters (SD_error_count)

When a station enters the "Listen_Token" or "Passive_ldle" state, the counters are cleared
and enabled. If a counter reaches its maximum, counting of this counter as well as of the
related comparative counter is stopped. When clearing a counter the related comparative
counter is also cleared and they are enabled again. The DLMS-user may access these
counters using the Set/Read Value services.

5.5.5.2 Synchronous transmission
5.5.5.2.1 Timers

As explained in 5.5.5.1.1, the following timers shall be implemented to measure the token
rotation time and to realize the monitor timers: Documents
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