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7) No
members of its techhita
oth¢r damage of{an 3 t whether direct or indirect, or for costs (including legal fe¢s) and

International Electrotechnical Commission (IEC) is a worldwide organization for prising
national electrotechnical committees (IEC National Committees). The obj romote
national co-operation on all questions concerning standardization in the el ¢ ¢ > ic figlds. To
end and in addition to other activities, IEC publishes International Stardards, i ifications,
nical s “IEC
lication(s)”). Their preparation is entrusted to technical committees; i \ interested
he subject dealt with may participate in this preparatory work. | i al.(9 d non-
rnmental organizations liaising with the IEC also participate i on closely
the International Organization for Standardization (ISO) in aecord Wtk ned by
ement between the two organizations.
formal decisions or agreements of IEC on technical mat S ational
ensus of opinion on the relevant subjects since eac j Mmittee b rom all
ested IEC National Committees.
Publications have the form of recomgendati i i P ational
mittees in that sense. While all reasoha e of IEC

lications is accurate, IEC cannot be held responsible for any

ittees undertake to apply IEC Publ{cations
and regional publications. Any divgrgence

sparently to the maxim 2
regional publication shall be clearly indi¢ated in

veen any |IEC Publicatio
latter.

provides no markingN\procedure to indicats_its~approval and cannot be rendered responsible for any

pment declared to be i ublication.
Isers should q

dition of this publication.

mployees, servants or agents including individual expdrts and
2 National Committees for any personal injury, property damage or

expenses ari € € icatie use of, or reliance upon, this IEC Publication or any othler IEC
Publications/
8) Attgntiop~ \¢ Normative references cited in this publication. Use of the referenced publications is
indippe&nsable T ¢ t
NOTE |Use of € of the as¥ociated protocol types is restricted by their intellectual-property-right holderg. In all
cases, the commit ited release of intellectual-property-rights made by the holders of those rights permits
a partig¢ular data-link layef protocol type to be used with physical layer and application layer protocols in Type
combinptions_as specified explicitly in the IEC 61784 series. Use of the various protocol types if other

combin

ations may require permission from their respective intellectual-property-right holders.

IEC draws attention to the fact that it is claimed that compliance with this standard may involve the use of patents

as follo

ws, where the [xx] notation indicates the holder of the patent right:

Type 14 and possibly other Types:
CN200410088676.7 [SP] Scheduling method with deterministic communication based on Ethernet
IEC takes no position concerning the evidence, validity and scope of these patent rights.

The ho

Iders of these patent rights have assured IEC that they are willing to negotiate licences under reasonable

and non-discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of
the holders of these patent rights are registered with IEC. Information may be obtained from:

[SP] Zhejiang SUPCON Technology Co., Ltd.

Dongqin FENG

Liuhe Road 309, Bingjiang District,
Hangzhou, 310053

CHINA

Attention is drawn to the possibility that some of the elements of this standard 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.
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International Standard IEC 61158-4-14 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, contro
automation.

| and

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. This part and its
Type 14 companion parts also cancel and replace IEC/PAS 62409, 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

la

er, for lack of market relevance;

b) ad
c) di
The tq

Full in
voting

This p

The cpmmittee has decided that the
the maintenance result date indicated \on t
data related to the specifi icati

* reg¢onfirmed;

° Wi

* replaced by

* anpended.

NOTE

The |
comm

dition of new types of fieldbuses;
ision of this part into multiple parts numbered -4-1, -4-2, ..., -4-
xt of this standard is based on the following documents:

FDIS Report on vot}n\g \
65C/474/FDIS 650/46\/@9\ ¥
N

formation on the voting for the approval of th und in the rep
indicated in the above table.

hdrawn;

The revision g

ist of S the IEC 61158 series, under the general title /Ind|
unicatio OrkS elgbus specifications, can be found on the IEC web site.

ort on

H until
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INTRODUCTION

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

The 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:

as|a guide for implementors and designers;

)
b) fof use in the testing and procurement of equipment;
c) as|part of an agreement for the admittance of systems into the ape NS'e ment;
d) as|a refinement to the understanding of time-critical commu
This standard is concerned, in particular, with the communicatiQ g i nsors,
effectprs and other automation devices. By using this standard tag dards

positigned within the OSI or fieldbus reference mode
work fogether in any combination.

&

S may
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Part 4-14: Data-link layer protocol specification — Type 14 elements

1 Scope

1.1

The dpta-link layer provides basic time-critical messaging communication
an automation environment.

This grotocol provides communication opportunities to all participatiqg

a)
b)

Thus [this protocol can be characterized as one
asynchronously but with a synchronous restart o

1.2

This sftandard specifies

a)

data-link entities.

General

be

een deévices in

in ja synchronously-starting cyclic manner, according to a pre (o) ~ 3 nd

in|a cyclic or acyclic asynchronous manner, as requgsted_each those

Specifications

procedures for the time

ccess

user

enftity to a peer user éntit data-

procedures for gi opportunities to all
seguentially

intervals up t

pr
trg

tion opportunities available for time-critical

participating DL-entities,
eterministic and synchronized transfer at|cyclic

data

e-critical data transmission without prejudice o the

time-critic

pr Ry and acyclic communication opportunities for time-criticgdl data
trg issi i

pr i communication opportunities based on standard ISO/ IEC §802-3

medium access control, with provisions for nodes to be added or removed during normal

the structure of the fieldbus DLPDUs used for the transfer of data and control information
by i ; ] i i i nits.

1.3 Procedures

The procedures are defined in terms of

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

DLPDUs;

the interactions between a DL-service (DLS) provider and a DLS-user in the same system

through the exchange of DLS primitives;

the interactions between a DLS-provider and a Ph-service provider in the same system

through the exchange of Ph-service primitives.
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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

these
such

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

2 Nagrmative references

is standarnd. For

The fqllowing referenced documents are indispensable for
1[0 latest edifion of

dated|references, only the edition cited applies. For
the referenced document (including any amendmentg) applies

IEC 6[1158-3-14, Industrial communicati : S 3-14:
Data-link layer service definition — Ty, »

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

ISO/IEC 7498-3, Informatio 6 ) rence
Model: Naming and adfressing

ISO/IEC 8802-3®ar
betwelen systems

Carrigr sense mu#tig
physigal layer spé

hange
Part 3:
) and

ISO/IEC 88241, ] Abstract Syntax Notation One (ASN.1):
Specitication i M

ISO/IEC 1073RyInforlgation technology — Open Systems Interconnection — Basic Refgrence
Model — Conventionrs for the definition of OSI services

RFC 168 User Datagram Protocol

RFC 791, Internet protocol

3 Terms, definitions, symbols and abbreviations

For the purposes of this standard, the following terms, definitions, symbols and abbreviations
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.


http://www.iso.ch/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=35684&ICS1=35&ICS2=100&ICS3=60
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3.1.1 called-DL-address [7498-3]
3.1.2 calling-DL-address [7498-3]
3.1.3 centralized multi-end-point-connection [7498-1]
3.1.4 correspondent (N)-entities [7498-1]
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)
3.1.5 demultiplexing [7498-1]
3.1.6 [DLC-address [7498-3]
3.1.7 |DL-address-mapping [7498-1]
3.1.8 |[DL-connection 98-1]
3.1.9 |DL-connection-end-point [7498-1]
3.1.10 DL-connection-end-point-identifier [7498-1]
3.1.11 DL-connection-mode transmission [7498-1]
3.1.12 DL-connectionless-mode transmissio [7498-1]
3.1.13 DL-data-sink [7498-1]
3.1.14 DL-data-source [7498-1]
3.1.18 DL-duplex-transmission [7498-1]
3.1.14 DL-facility [7498-1]
3.1.17 DL-local-view [7498-3]
3.1.1 DL-nam@ [7498-3]
3.1.19 DL-protog® [7498-1]
3.1.2 -identifier [7498-1]
3.1.2 ol-ihformation [7498-1]
3.1.2 [7498-1]
3.1.23 DL-protocol-version-identifier [7498-1]
3.1.24 DL-relay [7498-1]
3.1.25 DL-service-connection-identifier [7498-1]
3.1.26 DL-service-data-unit [7498-1]
3.1.27 DL-simplex-transmission [7498-1]
3.1.28 DL-subsystem [7498-1]
3.1.29 DL-user-data [7498-1]
3.1.30 flow control [7498-1]
3.1.31 layer-management [7498-1]
3.1.32 multiplexing [7498-3]
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3.1.33 naming-(addressing)-authority [7498-3]
3.1.34 naming-(addressing)-domain [7498-3]
3.1.35 naming-(addressing)-subdomain [7498-3]
3.1.36 (N)-entity [7498-1]
DL-entity
Ph-entity
3.1.37 (N)-interface-data-unit [7498-1]

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

3.1.38 (N)-layer [7498-1]
DL-layer (N=2)
Ph-layer (N=1)

3.1.39 (N)-service [7498-1]

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

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

3.1.41 (N)-service-access-point-addre [7498-1]
DL-service-access-point-address =

Ph-service-access-point-addrg

3.1.42 peer-entities [7498-1]
3.1.43 Ph-interface-cbutro [7498-1]
3.1.44 Ph-interfate-da [7498-1]
3.1.44 primitiv§ [7498-3]
3.1.46 [7498-1]
3.1.47 [7498-1]
3.1.48 [7498-1]
3.1.49 -address [7498-3]
3.1.50 routing [7498-1]
3.1.51segmenting [7498-1]
3.1.52 sequencing [7498-1]
3.1.53 splitting [7498-1]
3.1.54 synonymous name [7498-3]
3.1.55 systems-management [7498-1]

3.2 Service convention terms and definitions

This standard also makes use of the following terms defined in ISO/IEC 10731 as they apply
to the data-link layer:
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3.2.1 acceptor
3.2.2 asymmetrical service

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

3.2.4 deliver (primitive)
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
3.2.19 DL-user-optional-facility

3.2.14 indication (primi
acceptor.delive

3.2.17 muIti-pe<>
3.2.18 request (prin

requestor.s

3.2.19
3.2.20

3.2.21

3.2.22 symmetrical service

3.3 ISONMEC8802-3terms

This standard also makes use of the following terms defined in ISO/IEC 8802-3 as they apply
to the data-link layer:
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3.3.1 destination address

3.3.2 frame check sequence

3.3.3 lengthl/type

3.3.4 MAC frame

3.3.5 pad

3.3.6 source address

61158-4-14 © |IEC:2007(E)

3.4 C

NOTE
Types.

ommon terms and definitions

3.4.1
communication macrocycle

set ol basic cycles needed for a configured communicatio
segment

3.4.2
communication phase
elapsed fraction of a cycle, measured from some

fis 06’

3.4.3
comn
algori
manng

unication scheduling
hms and operation for data tfans
b1

ive in a re@ \

DLPDU
U that carri

3.4.4
cyclia
repeti

3.4.5
data [
DLPD

3.4.6
destina
FB ing

3.4.7
DL-se
singlelB 3RO 6O DLEs—ma
any intervening DL-relaying, whenever all of those DLEs that
of communication are simultaneously attentive to the DL-sub
attempted communication

3.4.8

DLSAP

distinctive point at which DL-services are provided by a sing
layer entity.

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to
distinction between DLSAPs and their DL-addresses. (See Figure 1.)

Many definitions are common to more than one protocol Type; they are not necesg

a deterministic and repe

vafocal DLS-user to a remote DLS-user

ed by all protocol

atable

HRicate —without
are participating in an instance
network during the period(s) of

le DL-entity to a single higher-

facilitate understanding of the critical
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DLS-user-entity

DLS-users

DLSAP

DLS-user-entity

/ N
7 s DLSAP- N

=
DISAF- aaqaress group DL-
addresses address

DL-layer DL-entity

ULOAT-
S

Ph-layer

NOTE
NOTE }

NOTE
single PLSAP.

3.4.9

DL(SAP)-addre@
either[an individuat’ D
group|DL-address potentia

NOTE [ This termjnology i
designdte more )

3.4.1Q
(indivjidua
DL-address tf

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

3.4.1

Figure 1 — Relationst S addresses and group DL-addresseés

extended link

SAP.

with a

ress to

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.

3.4.12
FCS error

error that occurs when the computed frame check sequence value after reception of all the

octets in a DLPDU does not match the expected residual
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3.4.13
frame
denigr

3.4.14
group

-14 - 61158-4-14 © |IEC:2007(E)

ated synonym for DLPDU

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

3.4.1
micr

segment

part of a network, where special scheduling is implemented.

3.41

multipoint connection
connelction from one node to many nodes.

NOTE
nodes.

3.4.17
node
single

3.4.18
offset
numbgé

3.4.19
real-t
ability

3.4.2¢
real-t
transf

3.4.21
real-t

ISO/IE

NOTE

NOTE }
specifig

Multipoint connections allows data transfer from a single pubh by many sul

DL-entity as it appears on one Jgcal lin

ork that includes real-time communication

Other-commuuication can be supported, providing the real-time communication is not compromise

This/definition is dedicated, but not limited, to ISO/IEC 8802-3. It could be applicable to other IE]
ations, for example IEEE 802.11.

scriber

.
EE 802

3.4.22

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

NOTE

3.4.23
sched
tempo

3.4.24
sched

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

ule
ral arrangement of a number of related operations.

uling macrocycle

time interval to implement a specific schedule.


https://iecnorm.com/api/?name=fd4ebdb46cabee1463e9880aea76eb71

61158-4-14 © |IEC:2007(E) -15 -

3.4.25
sending DLS-user
DL-service user that acts as a source of DL-user-data

3.4.26
time offset
time difference from a specially designated time

3.5 Symbols and abbreviations

3.5.1 (ARP Address resolution protocol

3.5.2 |Cnf Confirmation

3.5.3 |CSMA/CD Carrier sense multiple access with collisj
3.5.4 IDHCP Dynamic host configuration protoco
3.5.5 |DL- (as a prefix) Data-link-

3.5.6 |DLCEP Data-link connection endpo

3.5.7 [DLL

3.5.8 |[DLE

3.5.9 ([DLM

3.5.10 DLS

3.5.11 DLSAP

3.5.12 DLSDU

3.5.13 ECSME

3.5.14 EM_ prefix) Type 14 management
3.5.18 | Indication

3.5.14 IP Internet protocol

3.5.17 \kLC Logical link control

3.5.18 LMP Link management protocol

3.5.19 MAC Medium access control

3.5.20 MAU Medium attachment unit

3.5.21 PAD Pad (bits)

3.5.22 PDU Protocol data unit

3.5.23 Req Request

3.5.24 Rsp Response
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3.5.25 RTE Real-time Ethernet

3.5.26 RT-Ethernet Real-time Ethernet

3.5.27 SAP Service access point

3.5.28 SDU Service data unit

3.5.29 SME System management entity
3.5.30 SNTP Simple network time protocol
3.5.31 TCP Transmission control protocol
3.5.32 UDP User datagram protocol
3.5.33 .cnf Confirm primitive

3.5.34 .ind Indication primitive

3.5.3

3.5.36

.req Request primitive
.rsp Response primitive &
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4 Overview of the DL-protocol

4.1 General

4.1.1 DLL architecture

According to the basic fieldbus reference model defined in IEC 61158-1, the Type 14 DLL is
modeled in Figure 2 as an integrated Data link layer with UDP(TCP), IP, MAC and LLC

sublayers defined in ISO/IEC 8802-3 and an extension protocol defined in this part of IEC
61158 standard, where

T Regular ISO/IEC 8802-3
Application layer Real-time applications based ?m

RFC 768(UDP)/RFC 793 (TCP) \

Data-link layer REC 7 9@\\\)
DLL eyeﬁsw

LLC/MA?’(!%\)S /ZI I/SQ/EC\SO -3

/‘K

Physical layer

a) th
b) th
c) th
d) th

e) th idd.

Additi ublayer is defined as the Type 14 communication scheduling
mana on ISO/IEC 8802-3 data link protocol to managg the
deterministic ¢s Yication and regular communication.

This B

f) trgnsparent data transferring between DLE and DLS_User specified in ISO/IEC §802-3
WI huut IIIUd;I‘y;IIy thc data,
g) receiving DLS_User DATA from DLS_User and buffering them;

h) transferring DLS_User DATA to DLE in configured order and priority. The DLE will send it
to Ethernet network using the protocols defined in ISO/IEC8802-3;

i) transferring decoded DLPDU from DLE to DLS_User.

ECSME supports two ways of communication scheduling:

j) free competitive communication scheduling based on the CSMA/CD;

k) deterministic communication based on the time-sharing scheduling policy defined later.

When the former scheduling is used, ECSME shall directly transfer the data between DLE and
DLS_User without any buffering or handling.
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When the latter k) is used, the ECSME in each Type 14 device shall transfer DLS_User DATA
to DLE according to the pre-configured timing order and priority, the DLE shall process the
data and send it to PhL, so that the collision is avoided.

41.2

Type 14 communication scheduling management entity (ECSME)

ECSME is the extension based on LLC defined in ISO/IEC 8802-3. It transfers data between
DLS_User and LLC without any changing.

ECSME does not alter the services provided by DLL to DLS_User defined in ISO/IEC 8802-3
as well as the interface between PhL and MAC. It only provides the transmission management

of the

nLS 11 2l
ULy _UotUld ucu.a

413

The t

chandes.

414

The t

scheduling (see IEC 61158-5-14).

4.2 §

Transaction between DLL and PhL

Time synchronization

me in all Type 14 devices shall be synchronj

ervices provided by the DL

iication

4.2.1 |Overview

The OLL provides connectionless data er and connection-mode data transfer
services defined in ISO/IE 7 FC68-and RFC 793 protocols.

4.2.2 |Priority

Six leyels of prioyi pe defined in this specification, namely 0, 1, 2, 3,
4, 5. [These are t defined in IEC 61158-5-14. The highest pfiority,
that ig 0, is used fof tt ' g’of DLSDUs. The execution timing for this figeldbus
scheduled serviceg e\ acsurate gnd repeatable to better than 1 ms. Services with the
highes$t priority no ith UDP/IP protocols

The Iqw priorities prow ehding of DLSDUs only on an as-available basis. Data on|these
prioritle arexsentNonly when all other higher data priorities have been sent and a se¢nding
opporfunit

4.2.3 [Ethernet typetidentifier

This dqpecification adopts a registered value of O0x88CB assigned by IEEE for LENGTH|TYPE

field in Ethernet frame to identify a Type 14 packet (see Figure 3).
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< 802.3 MAC ple—B802.2 LLC_14802.2 SNAP,,
DSAP|SSAP|cntl| Org
Destination Address | Source Address [Length| AA AA | 03 | code | Type DATA FCS
6 6 2 11 11 3 2 38 ~ 1492 v 4
: 1
| Type
|
| UDP/IP + Type 14
X 88CB DATA
2 38 ~ 1492 !
Ethernet Encapsulation i: 46 ~ 1500 Octets :E
Degtination Address | Source Address| Type DATA/\Q x FCS
6 6 2 46 1&\ \ 4
Type o3
88CB UDRP + e DAT FCS
4
4.2.4 [Time synchronization
The time in all Type 14 cation
scheduling.
4.3 S
Withir me to
compl as T.
Each s divided into two phases, periodic packet transferring
phase packet transferring phase (Tn) (see
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Figure 4).
«— —D:N— —>
N I S
N ]
________ N\ RS CIS— i I—
5 |
BN\ 1
e J
______________
IR
N |
_____________________ DO
N
\
In the| periodic packet transferring phdase (Tp), SME of each Type 14 device dglivers
periodic DLS_ User data to local DLE yfi send
the dgta on the network after\t re : 5
Periodic DLS_ User data eglevant to process parameters, su¢h as
measlrement angco i < be transmitted periodically in the control Idop, or
the input/output Qi - e\ updated cyclically between function blocks. Pegriodic
DLS User data has'if 9 j
In non-periodic packe erring_phase (Tn), the ECSME of each Type 14 device dglivers
non-pgriodic s, Userdata toNocal DLE according to their priority and even local IP adfdress.
Local IDLE wi e data on the network after it receives them.
Non-periodie § data contain the data which do not need to send out in|every
macrdcycle. on-periodic DLS_User data are not produced cyclically. In Type 14
systems, non-periedi€ DLS User data are the primitives of program upload/dowpload,
variabjle sread/write, event notification, trend report and RARP, HTTP, FTP, TFTP, |CMP,

IGMP|application data, etc. In other cases, the primitives of SNTP and DHCP servicées are
regarded as non-periodic DLS_User data.

Non-periodic data are sent out according to their priority, local IP address in time-available
way. That is,

a) if time is available, the non-periodic packet with high priority is sent first;

b) if two or more non-periodic packets in local device have identical priority, the one
produced first is sent first;

c) if two or more non-periodic packets distributed in different devices, those located in
the devices with smaller IP address are sent out first.
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5 Procedure of deterministic communication scheduling

5.1 Overview

The mechanism of ECSME can be described in four states: Standby, Ready,
PeriodicDataSending and NonPeriodicDataSending. The transitions between these four states
are shown in Figure 5 and Table 1.

Figure 5 — Sta

5.2 State transitions
5.2.1 |Standby

verify all necessary operation paramefers. If
the ECSME enters the Standby state until the

After lbeing powered up
these|parameters’ha
device is config @
In St4 ' data between DLS and DLS User direct withodt any
proce '

After
device i
offset

Typeé 14 Communication Scheduling Management Class of local
K will enter the Ready state automatically, and calculate the¢ time
time to the starting time of a communication macrocycle (T)

time offset = MOD (local current time, T)

Then, the starting time of its first communication macrocycle (T) is:
starting time = current time + time offset

5.2.2 Ready

In Ready state,

a) When receiving DLS User data from the DLS User, ECSME shall put it into the
responding unsent message queue according to its transmission priority;
NOTE 1 ECSME shall establish different queues for DLS_User data to be sent with different priorities.

NOTE 2 The queue with priority 0 should be managed according to the value of SendingTimeOffset
corresponding to each DLS_User data.
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b) When receiving DLPDU from DLE,

1) if the DLPDU is a NonPeriodicDataAnnunciation message, ECSME shall maintain
local non-periodic packet transferring management list using the remote IP
addresses and transmission priorities from the DLPDUs;

2) otherwise, ECSME shall deliver the DLPDU to DLS_User direct.

5.2.3 PeriodicDataSending

When the following event of

MOD (Current time, T) = SendingTimeOffset of periodic pa

is detgcted, the state of ECSME shall be changed into PeriodicData

In PefiodicDataSending state, ECSME deliver the DLS_User d j DLE

transfer them on the network through PhLE, the

NonP¢riodicDataAnnunciation message if there is some ent in

local device. After doing the above, the state of ECS

5.2.4 INonPeriodicDataSending

When|the following event of

is detgcted, or local ECS z 3 s emote

devicé aadi

In thig state,

[) if fhere is no entin
logal device,

m) if fhe priority of the odic DLS_User data in local device is lower than thpse in
log iodh k ansferring management list for remote devices, ECSME|takes
st €p C);

n) if fheéprioni ke firsknon-periodic DLS_User data in local device is higher than thpse in
remote device takes step e), otherwise it takes the next step;

0) when the prior p I least
on bss of
lo¢aldevice is larger than that of all other remote devices with the same priority, ECSME

p) if the remaining time of current communication macrocycle is enough to transmit it,
ECSME delivers the non-periodic DLS_User data to DLE for sending to the network, then
ECSME goes to the next step, otherwise ECSME reserves the data for the next
transmission and goes to step g);

q) if there is more non-periodic packet to be transmitted, ECSME goes to step b);

r) if local device has transmitted at least one non-periodic DLS_User data, ECSME transmits
EndofNonPeriodicDataSending annunciation message on the network to notify remote
devices;

s) the state of ECSMA is changed into Ready state.
5.3 State table

The state transitions of ECSME are illustrated in Table 1.
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Table 1 — ECSME state transitions

Event or condition
# Current state => Next state
actions
S1 PeriodicDataSending Epnon-periodicDataSendingSuc()=1 Ready
=>
NonPeriodicDataAnnunciation()
S2 PeriodicDataSending Epnon-periodicDataSendingSuc()=2 PeriodicDataSending
=>
Epnon-periodicDataSending()
S3 NonPeriodicDataSending NonPeriodicDataSendingSuc()=3 || Ready
(FirstNonPeriodicDataSending()=TRUE &&
(NonPeriodicDataPriority()=FALSE ||
NonPeriodicDataTimeEnough()=FALSE))
=>
(no actions taken) (\
S4 | NdnPeriodicDataSending | NonPeriodicDataSendingSuc()=1 \ eaw
=>
EndofNonPeriodicDataSending() /\
S5 NdgnPeriodicDataSending NonPeriodicDataSendingSuc()=2 CReady
(NonPeriodicDataPriority()=FALSE
(NonPeriodicDataPriority()=
NonPeriodicDataTimeEn
=>
NonPeriodicDataApnu CI
S6 NdgnPeriodicDataSending NonPeriodisDataPriqQrity EF E‘ NonPeriodicDat3dSending
NonPeri dicData{imeE ough
NonPeri icDataS d|n
R1 Standby IsDeV|ce onflgured Ready
Cou,ntSit Tlm
R2 | Rdady MaSen |m|ﬁg()— PeriodicDataSer|ding
=>
/\/ n- erlo ic Sending()
R3 Rgady Q Se imihg()=2 NonPeriodicDataSending
o astion$ taken)
R4 | Rdady ecEﬁ fNénPerlodchataSendlng() NonPeriodicDataSending
K(
no actions taken)
5.4 H
Table|2 through Table 14 describe the functions referenced by the preceding state transitions
table.

5.4.1 NonperiodicDataSendingSuc()

The description of function NonperiodicDataSendingSuc() is illustrated in Table 2.
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Name NonperiodicDataSendingSuc() Used in ECSME
Input Qutput
(none) data of Unsigned8 data type

Function

the value of 1; if no, returns the value of 2; otherwise, returns the value of zero

Checks whether all periodic packets have been transmitted in current Communication Macrocycle: if yes, returns

5.4.2 NonperiodicDataAnnunciation( )

The description of function NonPeriodicDataAnnunciation() is illustrated in Table 3.

Table 3 — NonperiodicDataAnnunciation() descriptio(n'\

Name NonperiodicDataAnnunciation( ) Used in ECSME ("

Input Qutput

(BN
(none (none) <\ \ >

Functibn |
Transrhits NonPeriodicDataAnnunciation packet.

5.4.3 [NonperiodicDataSending( )

The dgscription of function NonperiodicDataSending

Table 4 — Nonpwc[)(ags\%n i g()@scr tion

Name NonperiodicDataSending( ) Usedhin ECSME

Input Ougput
(none (L (hond)

Functipn |
Transrits periodic packet

5.4.4

The dg

icDataSendingSuc() description

A\
Name NonperiodicDataSendingSiic( ) Used in ECSME

Input \\\> Output

(none data of Unsigned8 data type
Functipn /]

Checkp ng;rxw N\
returng the value of 17 i ,
the value of 3;oth ise,

turns the value of zero

iodigppackets have been transmitted in current Communication Macrocycle: if
if ho, returns the value of 2; if none of non-periodic packet needs to be transmitted,

es,
eturns

5.4.5 FirstNonperiodicDataSending()

The description of function FirstNonperiodicDataSending() is illustrated in Table 6.

Table 6 — FirstNonperiodicDataSending() description

Name FirstNonperiodicDataSending( ) Used in ECSME
Input Output
(none) TRUE or FALSE

Function

returns TRUE; otherwise returns FALSE

Checks whether it is the first time to transmit non-periodic packet in current Communication Macrocycle: if yes,

5.4.6 NonperiodicDataPriority( )

The description of function NonperiodicDataPriority() is illustrated in Table 7.
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Table 7 — NonperiodicDataPriority() description

Name NonperiodicDataPriority( ) Used in ECSME
Input Qutput
(none) TRUE or FALSE

Function |
Checks whether the priority of non-periodic packet that the local device is ready to transmit is the highest in local

non-periodic packet transfer management list. If yes, returns TRUE, otherwise returns FALSE

NOTE If the priority of non-periodic packet that local device is ready to transmit is equal to that of one remote device or
several remote devices, moreover the priority is the highest in the non-periodic packet transfer management list, however the
IP address of local device is larger than that of all other remote devices with the same priority, then still returns FALSE

5.4.7 NonperiodicDataTimeEnough()

The dgscription of function NonperiodicDataTimeEnough() is illustrated in(Table

Table 8 — NonperiodicDataTimeEnough() des@ n x

Name NonperiodicDataTimeEnough( ) Used in ECSME~_ \
Input Output
(none TRUE or FAKSE

Functibn |
Checkp whether the remaining time in current Communication Z@M\ti}transmlt the non-pgriodic
packef as well as its annunciation message or not. If yes, returps TRUE; othe€rwisereturns FALSE

5.4.8 [NonperiodicDataSending( )

g()ds ustra d in Table 9.

The dgscription of function NonPeriodi

Table 9 — NonperiodjcDat () description
Name NonPeriodicDataSending(). Used in ECSME
Input N Outpdt
(none [\ (N | (nohe)
Functibn |
Transrits non-perim&t > \>
5.4.9
The dg

10~ EndOfNonperiodicDataSending() description

Name EndQfNopperiodicDataSending( ) Usedin |ECSME
Input Output
(none (none)

ibn ]

Functitr
bkt L — |
Transmits EndofNonPeriodicDataSending annunciation packet.

5.4.10 IsDeviceConfigured()

The description of function IsDeviceConfigured() is illustrated in Table 11.

Table 11 — IsDeviceConfigured() description

Name IsDeviceConfigured( ) Used in ECSME
Input Output
(none) TRUE or FALSE

Function

After the local device is powered up, this function is called to check whether the device has been configurated or
not. If yes, returns TRUE, otherwise returns FALSE.
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5.4.11 CountOffsetTime()
The description of function CountOffsetTime() is illustrated in Table 12.

Table 12 — CountOffsetTime() description

Name CountOffsetTime( ) Used in ECSME
Input Output

(none) Data of Unsigned32 type
Function

Calculates MOD(local current time ,T), returns the remainder of Unsigned32 data type, its unit is millisecond.

5.4.12_DataSendingTiming()

The description of function DataSendingTiming() is illustrated in Table 13,

Table 13 — DataSendingTiming() descriptigl\ x

Name DataSendingTiming( ) Used in ECSME

Input Output \ \)
(none Data of Unsi pe

Functibn |

Calls QountOffsetTime() to get the remainder. If the remainder is equakto vaitie of SendingTimeOffset,

returng the value of 1; if the remainder is equal to the value of NonPeriodisDatalransfexOffset, returns the|value

of 2; otherwise, returns the value of zero.

5.4.13 RecEndofNonPeriodicDataSe \% C)

The description of function RecEndofNonPeriodicDataSending()/is illustrated in Table 14.
Table 14 — RecEndofNonPeriodi nding() description

Name RecEndofNopPéiodit;Data\Sé(ldirM) Usedhin ECSME

Input Oltp(t

(none TRUE or FALSE

Functipn

Check whether an fN PeriodicData$ dln apnunciation packet from the remote device is recejved or

not. If yes, returns rwise return FAL

6 Str fEC E PDU

6.1 E
6.1.1 [Ne iodicRataAnnunciation PDU

The fd onPenipdicDataAnnunciation PDU is described in Figure 6.

[ TYPE | IP Header [UDP Header [ NPMA TAG | PRI | PAD | CRC |

¢ DATA_UNIT >

Figure 6 — Format of NonPeriodicDataAnnunciation PDU

TYPE
Protocol type, the length of this field is two octets. Its value is 0x88BC.

IP Header

IP header, the length of this field is 20 octets referring to RFC 791, Internet Protocol (IP).
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