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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

Foran expl
as well as
Technical H

The comm

A list of all

5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

hnation on the meaning of ISO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

ttee responsible for this document is ISO/TC 22, Road vehicles, SC 31, Data communicatio

parts in the ISO 17987 series can be found'on the ISO website.

are
the
the

t of
s of
| /or

not

ent,
the

Vi

© ISO 2016 - All rights reserved


www.iso.org/directives
www.iso.org/patents
www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=8f6784dada5f6cc5c6ef12c24d45843f

ISO 17987-2:2016(E)

Introduction

This ISO 17987 (all parts) specifies the use cases, the communication protocol and physical layer
requirements of an in-vehicle communication network called Local Interconnect Network (LIN).

The LIN protocol as proposed is an automotive focused low speed universal asynchronous receiver
transmitter (UART) based network. Some of the key characteristics of the LIN protocol are signal
based communication, schedule table based frame transfer, master/slave communication with error
detection, node configuration and diagnostic service transportation.

Thg LINprotocol 15 for [Tow cosT automotiVe control appiications, for exampie, door modyle and air
condition systems. It serves as a communication infrastructure for low-speed control applications in
vehjicles by providing:

— |signal based communication to exchange information between applications in different hodes;
— |bitrate support from 1 kbit/s to 20 kbit/s;

— |deterministic schedule table based frame communication;
— |network management that wakes up and puts the LIN cluster intg sl€ep mode in a controlled manner;
— |status management that provides error handling and errorsignalling;
— |transport layer that allows large amount of data to be transported (such as diagnostic s¢rvices);
— |specification of how to handle diagnostic services;

— |electrical physical layer specifications;

— |node description language describing properties of slave nodes;
— |network description file describing hehaviour of communication;
— |application programmer’s interface.

[SO| 17987 (all parts) is based. on the open systems interconnection (OSI) basic referencg model as
spefified in ISO/IEC 7498-1 which structures communication systems into seven layers.

Thg OSI model structunes, data communication into seven layers called (top down) applidation layer
(layter 7), presentationlayer, session layer, transport layer, network layer, data link layer and pHysical layer
(layter 1). A subset ofthese layers is used in ISO 17987 (all parts).

[SO|17987 (allparts) distinguishes between the services provided by a layer to the layer apove it and
the|protocokused by the layer to send a message between the peer entities of that layer. Theg reason for
thid distinetion is to make the services, especially the application layer services and the transport layer
seryices, Yeusable also for other types of networks than LIN. In this way, the protocol is hidd¢n from the
seryieeuser and it is possible to change the protocol if special system requirements demand|it.

ISO 17987 (all parts) provides all documents and references required to support the implementation of
the requirements related to the following.

— IS0 17987-1: This part provides an overview of the ISO 17987 (all parts) and structure along with
the use case definitions and a common set of resources (definitions, references) for use by all
subsequent parts.

— IS0 17987-2: This part specifies the requirements related to the transport protocol and the network
layer requirements to transport the PDU of a message between LIN nodes.

— IS0 17987-3: This part specifies the requirements for implementations of the LIN protocol on the
logical level of abstraction. Hardware related properties are hidden in the defined constraints.
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— ISO 17987-4: This part specifies the requirements for implementations of active hardware
components which are necessary to interconnect the protocol implementation.

— ISO/TR 17987-5: This part specifies the LIN application programmers interface (API) and the
node configuration and identification services. The node configuration and identification services
are specified in the API and define how a slave node is configured and how a slave node uses the
identification service.

— IS0 17987-6: This part specifies tests to check the conformance of the LIN protocol implementation
according to ISO 17987-2 and ISO 17987-3. This comprises tests for the data link layer, the network
layer and the transport layer.

— IS0 17p87-7: This part specifies tests to check the conformance of the LIN electrical physical'lgyer
implementation (logical level of abstraction) according to ISO 17987-4.

viii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8f6784dada5f6cc5c6ef12c24d45843f

INTERNATIONAL STANDARD

ISO 17987-2:2016(E)

Road vehicles — Local Interconnect Network (LIN) —

Pa

rt 2:

Transport protocol and network layer services

1

Thi
req
spe

The
Thi

Thd

tra

Use
(eg
bus
are

Thd

Aty

5 document specifies a transport protocol and network layer services tailoned to
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LIN protocol supports the standardized service primitive interface as specified in ISO 14229-2.

normal communication messages, and
diagnostic communication messages.

transport layer defines transportation of data that is contained in one or more fj
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of the transport layer is targeting systems.wWhere diagnostics are performed on the ba
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low load on LIN master node,

to provide full (or a subset thereof) diagnostics directly on the LIN slave nodes, and
targeting clustets built with powerful LIN nodes (not the mainstream low cost).

pical system«onfiguration is shown in Figure 1.
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back-bone bus

Tester

Master

LIN cluster

Slave 1 Slave 2

Figure 1 — Typical system setup for a LIN cluster using the transport layer

2 Normative references

The followfing documents are referred to in the text in such a way that some or all of their confent
constituteg requirements of this document. For dated references, only the edition cited applies.|For
undated references, the latest edition of the referenced docunrent (including any amendments) applies.

ISO 142291, Road vehicles — Unified diagnostic services{UDS) — Part 1: Specification and requiremefits
ISO 1422942, Road vehicles — Unified diagnostic services (UDS) — Part 2: Session layer services

ISO 1422947:2015, Road vehicles — Unified diagnostic services (UDS) — Part 7: UDS on local interconhect
network (UDSonLIN)

ISO 17987-3:2016, Road vehicles — LogcalInterconnect Network (LIN) — Part 3: Protocol specification

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of\this document, the terms and definitions given in ISO/IEC 7498-1 and |the
following 4pply.

ISO and IEC maintain terminological databases for use in standardization at the following addresse

1%2]

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.or

3.1.1

broadcast NAD

slave node receiving a message with a NAD equal to the broadcast NAD 7F16 the message is received
and processed

2 © IS0 2016 - All rights reserved
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3.1.2
configured NAD
value in the range of (0116 to 7D16) which is assigned to each slave node

Note 1 to entry: The assignment of configured NAD to each slave node is defined in the LDF. The configured NAD
is used for node configuration and identification services, as well as UDS services according to ISO 14229-7.

Note 2 to entry: When communication is initialized configured NADs of slave nodes may be identical. The master
shall assign unique configured NADs to all slave nodes before diagnostic communication begins.

Note 3 to entry: Setting or altering the configured NAD in a slave node can be done by the following ways:

— |the master node assigns a new configured NAD to a slave node supporting the “Assign NAD” sexyice;
— |an API call in a slave node assigns the configured NAD;
— | the configured NAD is assigned with a static configuration.

3.13
funictional NAD

(7Epe)
usefl to broadcast diagnostic requests

3.14
initfial NAD
conptant/static value in the range of (0116 to 7D14)

Note¢ 1 to entry: initial NAD value may be derived from a pin configuration, EEPROM or slave ngde position
detgction algorithm before entering the operational state(regular LIN communication).

Notg 2 to entry: The combination of initial NAD, Supplier ID and Function ID unique for each slave nofle is used in
the [Assign NAD” command allowing an unambiguoeus configured NAD assignment.

Not¢ 3 to entry: If no initial NAD is defined for &slave node (LDF, NCF) the value is identical to the confjgured NAD.

3.1{5
P2 timing parameter
application timing parameter fofithe ECU(s) and the external test equipment

3.1/6

P24 timing parameter
enhanced response timing parameter for the ECU(s) application after response pending frame
trampsmission

3.17
P4 timing parameter
tim|ng parameter for the ECU(s) application defining the time between reception of a request and the
fingl response

3.1.8
proprietary NAD

NAD values in the range [8016 — FF1¢] are used for not standardized communication purpose, such as
Tier-1 slave node diagnostics

© IS0 2016 - All rights reserved 3
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3.2 Symbols

%  percentage

us  microsecond

ms millisecond

| The vertical bar indicates choice. Either the left hand side or the right hand side of the vertical

bar shall appear
3.3 Abbreviated terms
API application programmers interface
BNF Bachus-Naur format
CAN Controller Area Network
CF ConsecutiveFrame
FF FirstFrame
LDF LIN description file
L_Data data link data
MRF master request frame
N_AI network address information
N_As network layer timing parameter As
N_Asmax [|timeouton As
N_Cr network layer timing parameter Cr
N_Crmax [timeouton Cr
N_Cs network layer timirig parameter Cs
N_Csmax [timeouton Cs
N_Data network data
N_PCI network protocol control information
N_PCltype'networkprotocotcontroHnformationtype
N_PDU network protocol data unit
N_SA network source address
N_SDU network service data unit
N_TAtype network target address type
N_USData network layer LIN data transfer service name
NAD node address for slave nodes
4 © IS0 2016 - All rights reserved
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NCF
NCL
NRC
NWL
OBD

0SI

node capability file

node capability language
negative response code
network layer

on-board diagnostics

Open Systems Interconnection

ISO 17987-2:2016(E)

PDUY
PID
RSID
SF

SID
SN

SRH

STrr in

protocol data unit
protected identifier
response service identifier
SingleFrame

service identifier
SequenceNumber

slave response frame

SeparationTime minimum

4 |Conventions

[SO| 17987 (all parts) and ISO 14229-7 are based on the conventions specified in the ()SI Service
Conventions (ISO/IEC 10731) as they applyfor physical layer, protocol, transport protocol aind network
laydr services and diagnostic services.

5 |Network management

5.1

Network management general information

Netfwork management in a LIN cluster refers to cluster wake up and go-to-sleep only. Other network
management features, for example, configuration detection and limp home management ar¢ left to the
application.

5.2

The state diagram in Figure 2 shows the behaviour model for LIN communication state.

LIN-iode communication state diagram

— Bus Sleep

Bus Sleep state is entered after first connection to power source and the system initialization, reset
or when a go-to-sleep command is transmitted by the master or received by the slave node. The
level on the bus is set to recessive. Only the wake up signal may be transmitted on the cluster.

— Operational

The protocol behaviour (transmitting and receiving frames) specified in this document only applies
to the Operational state.

NOTE

© ISO 2016 - All rights reserved
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Wake up signal received
OR
internal reason to wake up the cluster

Operational W

Go-to-sleep command /

transmitted / received OR
bus inactivity for 4 to 10 s

CT )
CT )

Bus Sleep W
J

Figure 2 — LIN node communication state diagram

5.3 WakKe up

5.3.1 W3jke up general information

Any node ih a sleeping LIN cluster may request a wake up By transmitting a wake up signal. The w
up signal if started by forcing the bus to the dominant state for 250 ps to 5 ms, and is valid with
return of the bus signal to the recessive state.

5.3.2 Mgster generated wake up

The mastef node may issue a break field, é.g: by issuing an ordinary header since the break acts
wake up signal (in this case, the master shall be aware of that this frame may not be processed by
slave nodes since they may not yet awake and ready to listen to headers).

Every slave¢ node (connected to power) should detect the wake up signal (a dominant pulse longer
150 ps followed by a rising edge’ of the bus signal) and be ready to listen to bus commands wi
100 ms, m¢asured from the-ending edge of the dominant pulse (see Figure 3). The check for the ri
edge shall pe done by the/transceiver and also could be done by the microcontroller LIN interface.

A detection threshold\ef'150 ps combined with a 250 us pulse generation gives a detection margin
is enough for uncalibrated slave nodes. Following the detection of the wake up pulse, the Slave 1
machine (IFO 17987-3:2016, 7.5.3) shall start and enter into the idle state. During the idle state, the s

shall neverlissue'a dominant level pulse on the bus until the state machine enters into an active statg.

ake
the

hs a
the

han
hin
bing

rhat
ask
ave

h

5.3.3 Slave generated wake up

If the node that transmitted the wake up signal is a slave node, it shall be ready to receive or transmit
frames immediately. The master node shall also wake up and, when the slave nodes are ready (>100 ms),

start transmitting headers to find out the cause (using signals) of the wake up.
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The slave node is ready
toreceive or transmit

Slave node is initializing frames

<100 ms

|
|, >150ups
<

>l
<t

Y

Thd

Figure 3 — Wake up signal reception in slave nodes

master node shall detect the wake up signal (a dominant pulse longer than 50 us followed by a

rising edge of the bus signal) and be ready to start communication within a timye that is dec

clus
and|

If t}
the

ter designer or application specific. The check for the rising edge shall’bedone by the {
also could be done by the microcontroller LIN interface.

e master node does not transmit a break field (i.e. starts to transmit a frame) or if the n
wake up signal does not receive a wakeup signal (from another node) within 150 ms

from the wake up signal, the node issuing the wake up signdl¢shall transmit a new wak

(sed

Figure 4). In case the slave node transmits a wake up signal in the same time as the m

trapsmits a break field, the slave shall receive and recognize this break field.

Aftq
The
has
up 4
Hov
for

ded by the
ransceiver

pde issuing
to 250 ms
e up signal
aster node

| | | | |

| 5ms | 250 ms | 5 ms | 250 ms | 5 ms
| | | 250ps |
I T T T T

Eigure 4 — One block of wake up signals

br three (failing) requests, the node shall wait minimum 1,5 s before issuing a fourth wak

reason for this longer-duration is to allow the cluster to communicate in case the waking
problems, e.g. ififhe slave node has problems with reading the bus it probably retransm
ignal infinitely, _There is no restriction of how many times a slave may transmit the wak

e up signal.
slave node
t the wake
b up signal.

vever, it is recommended that a slave node transmits not more than one block of three wake¢ up signals
pach wakeyip condition. Figure 5 shows how wake up signals are transmitted over a longgr time

>1,5s >1,5s

=
| »|
k 1

>1,5s

Figure 5 — Wake up signals over long time

© ISO 2016 - All rights reserved

o 1 R 11 A1 [


https://standardsiso.com/api/?name=8f6784dada5f6cc5c6ef12c24d45843f

ISO 17987-2:2016(E)

5.4 Go-to-sleep

The master sets each node in the cluster instantly into bus sleep state by transmitting a go-to-sleep
command. The request does not necessarily enforce the slave nodes into a low-power mode. The slave
node application may still be active after the go-to-sleep command has been received. This behaviour
is application specific. The go-to-sleep command is a master request frame with the first data field
(Byte 1) set to 0016 and the rest set to FF14 (see Table 1). The slave nodes shall ignore the data fields
Byte 2 to Byte 8 and interpret only the first data field (Byte 1).

Table 1 — Go-to-sleep command

LIN frame

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
0016 FF16 FF1¢ FF16 FF16 FF1¢ FF16 FF1¢
The normal way for setting the cluster to sleep is that the master node transmits(the go-to-sleep
command.|In case of bus inactivity, a slave node shall be able to receive/transmitframes for 4 s. [The
slave node|shall automatically enter bus sleep mode earliest 4 s and latest 10_s of bus inactivity. [Bus
inactivity Is defined as no transitions between recessive and dominant bit yalues. Bus activity is[the
inverse.

NOTE 1
the signal a

6 Netw|

6.1 Gen

This docuy
data betwe
the data to

ter this filter.

prk layer overview

bral

hent specifies an unconfirmed network.Jayer communication protocol for the exchang
en network nodes, e.g. from ECU to ECY; or between external test equipment and an EC
be transferred do not fit into a single'LIN frame, a segmentation method is provided.

In order t¢ describe the function of the nétwork layer, services provided to higher layers and

internal op

All networ
service pri

a servi
inform

a serv
data tq

a serv

eration of the network layer.shall be considered.

k layer services have the same general structure. To define the services, three type
mitives are specified;

ation and datawwequired to be transmitted to the network layer;

ce indication primitive, used by the network layer to pass status information and recej
upperscommunication layers or the application;

IN transceivers normally have filters to remove short spikes on the bus. The transition here refer

the

5 of

ce request primitive, used by higher communication layers or the application to pass conitrol

ved

her

ceconfirmation primitive, used by the network layer to pass status information to hig

comm

b aats oo 1o oo =t analbiaeatian
TITCatIoTr Tay CT 5 0T cIirC—appricatrort.

This service specification does not specify an application programming interface, but only a set of
service primitives that are independent of any implementation.
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Format description of network layer services

All network layer services have the same general format. Service primitives are written in the form:

service name.type (

6.3
Thd

parameter A,
parameter B
[,parameter C, ...]

[parameter C_ ...]” are the N_SDU as a list of values
service primitive. The brackets indicate that this part of the parameter list may be Empty}.

service primitives define how a service user (e.g. diagnostic application) cooperates wit
vider (e.g. network layer). The following service primitives are specified inthis docume
cation and confirm.

Using the service primitive request (service name.request), aiservice user reques
from the service provider.

Using the service primitive indication (service name,ifidication), the servic
informs a service user about an internal event of the netwerk layer or the service reque
protocol layer entity service user.

With the service primitive confirm (service name)'confirm), the service provider i
service user about the result of a preceding servige,request of the service user.

Internal operation of network layer

internal operation of the network layer)provides methods for segmentation and reass

ma
fra
can

n purpose of the network layer is te(transfer messages that might or might not fit in a
e. Messages that do not fit into a'single LIN frame are segmented into multiple parts, ¥
be transmitted in a LIN frame.

Figlires 6 and 7 show, respeetively, an example of an unsegmented message transmissio

seg

mented message transmission.
Sender Receiver
SingleFrame (SF)
\d y

passed by

h a service
t: request,

s a service

e provider
5t of a peer

hforms the

embly. The
single LIN
where each

n and of a

Figure 6 — Example of an unsegmented message
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Sender Receiver

\

FirstFrame
(FF)

T

[ ——————__ ConsecutiveFrame
(CF)

— ConsecutiveFrame

(CF)

6.4 Seryv

In the follg
LIN netwo

6.4.1 N_

6.4.1.1 N

The N AT
LIN ID and

ID 3C16 (M
ID 3D156 (SI

Because th
no subject

Additional
addressing

These para

Figure 7 — Example of a segmented message

ice data unit specification

wing subclauses, all network layer service parameters are described which are used by
'k layer services.

], address information

[_Al description

s used to identify the communiCating peer entities of the network layer. N_ AT consists
aN NAD. Two dedicated LINIDs are used for any transport layer protocol communicatid

hsterReq) is assigned to-the/message transmissions sent by the master node.
hveResp) is assigned(to the message transmissions sent by any slave node.

e node type (Master or Slave) is always fixed for all nodes in a LIN cluster, the LIN ID use
pf the servicejprimitive parameters (6.5.1) but assigned to each node by this document.

y, a N NAD comprises the slave node addressed by the request/response and also
type (physical, functional and broadcast).

nieters refer to addressing information. As a whole, the N AT parameters are used to iden

the

of a

dis

the

tify

the messagesemdersamd recipientsas wettas thecommmumnication modet for themessage (N Tatyp

6.4.1.2 N_NAD, Network NAD

Type:
Range: 011

1 byte unsigned integer value

6 - FF16

Description: Two communication models are specified

10

1 to 1 communication, called physical addressing, and

1 to n communication called functional addressing or broadcast addressing.

e).
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Depending on the N_NAD value the communication model is given
— 0016: not applicable, reserved for sleep command frame,

— 0116 - 7D16: physical addressing type,

— 7E1¢: functional addressing type,

— 7F16: broadcast addressing type, and

— 8016 - FF16: proprietary addressing type.

Phyjsical addressing shall be supported for all types of network layer messages. Responses.an requests
arelexpected. The N_NAD value shall always be validated against the configured NAD in asl3ve node.

Functional addressing shall only be supported for SingleFrame communication. Nojresponges shall be
trajsmitted on functional requests. The master node is the only node transmitting functiona] messages.

Bropdcast addressing shall be supported for all types of network layer messages. Responses are
unexpected, but supported, even if they could raise collisions. The master hode shall be th¢ only node
trapsmitting broadcast messages.

The addressing type of NAD values in range 8016 — FF14 is unassigned by this document ahd shall be
assigned by users when this range of NAD is used.

6.42 <Length>
Type: 12 bit
Rarge: 00116 to FFF1¢

Deslcription: This parameter includes the length of data to be transmitted/received.

6.4{3 <MessageData>
Type:  string of bytes
Rarlge: notapplicable

Description: This parameterincludes all data the higher layer entities exchange.

6.414 <N_Result>
Type: enumeration

Range: <NaOK, N_TIMEOUT_As, N TIMEOUT_Cs, N TIMEOUT_Cr, N WRONG_SN, N_UNEXP_PDU, N_
ERROR¢ N“UNEXP_NEW_REQ

Deo ribten: Thicuaramantar contatinc +hn ctatiic valating o +hn b oo Af o cnwyzion Avn tion If two
HPH o — S Paraeter-eoRtaHStHe-StatuaSFeratig+to+tne-out€come-o+a-5¢€+ Hee-exect .

or more errors are discovered at the same time, then the network layer entity shall use the parameter
value first found in this list in the error indication to the higher layers.

— N_OK

This value means that the service execution has completed successfully, it can be issued to a service
user on both the sender and receiver side.

— N_TIMEOUT_As

This value is issued to the service user on the sender side when the timer N_As has passed its timeout
value N_ASmax.

— N_TIMEOUT._Cs
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This value is issued to the protocol user on the sender side when the timer N_Cs has passed its timeout
value N_Csmax-

N_TIMEOUT_Cr

This value is issued to the service user on the sender side when the timer N_Cr has passed its timeout
value N_Crmax-

N_WRONG_SN

This value is issued to the service user upon reception of an unexpected SequenceNumber (N_PCI.SN)

value, it ca

N_UNH

This value

N_ERR

This is the

Lai Ao 1 3 £l 3 | 1
TOCTSSUCU tOTIIC ST VICCOSTCT O trrC T CCCTV T STAC UTITY -

XP_PDU

OR

general error value. It shall be issued to the service user when ap-error has been deteq

is issued to the service user upon reception of an unexpected protocol data uiijt, it canp be
issued to the service user on the receiver or transmitter side.

ted

[ion

hme

the

by the netyork layer and no other parameter value can be used to better describe the error. It caf be

issued to the service user on both the sender and receiver side.

— N_UNHXP_NEW_REQ

This value fis issued

a) to the[lower priority service instances with an active.diggnostic communication as parametg
N_USDjata.indication() upon service call of a new higherpriority call of N_USData.request,

b) when f N_USData.request can’t be accepted due to a currently active diagnostic communica
with afhigher priority, and

c) this value is issued to the service user upon'service call of a new N_USData.request with the s
prioritly.

6.5 Services provided by netwotk layer to higher layers

6.5.1 Specification of network layer service primitives

The servic interface definl€s a set of services that are needed to access the functions offered by

network layer, i.e. transmission/reception of data and setting of protocol parameters.

The commyinication services, of which the following are defined, enable the transfer of up to 4 095 by

of data.

a) N_US

rtes

tarequest

This service is used to request the transfer of data. If necessary, the network layer segments the data.

ata_FF.indication

This service is used to signal the beginning of a segmented message reception to the upper layer.

ata.indication

This service is used to provide received data to the higher layers.

ata.confirm

This service confirms to the higher layers that the requested service has been carried out
(successfully or not).

b) N_USD
¢ N_USD
d) N_USD
12
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6.5.2 N_USData.request

The service primitive requests transmission of <MessageData> with <Length> bytes from the
sender to the receiver peer entities identified by the address information in N NAD (see 6.4.1.2 for
parameter definition).

Each time the N USData.request service is called, the network layer shall signal the completion
(or failure) of the message transmission to the service user by means of the issuing of a N_USData.
confirm service call:

N UpData.request (

N NAD
<MessageData>
<Length>
)

6.5/3 N_USData.confirm

Thg N USData.confirm service is issued by the network layer. The. Service primitive confirms the
conjpletion of a N USData.request service identified by the address information in N NAD. The
parpmeter <N Result> provides the status of the service request{see 6.4.4 for parameter fdefinition).

N UpData.confirm (

N_NAD
<N_Result>
)

6.5/4 N_USData_FF.indication

Thg N USData FF.indication service isssued by the network layer. The servicg primitive
indjcates to the adjacent upper layer the arrival of a FirstFrame (FF) of a segmented message received
fromn a peer protocol entity, identified by the address information in N_NAD (see 6.4.1.2 for|parameter
definition). This indication shall take place upon reception of the FirstFrame (FF) of a segmented
megsage.

N Upbata FF.indication (

NANAD
<Length>
)

Thg N USData FF.indilc¢ation service shall always be followed by an N USData.infdication

seryice call from the nefwork layer, indicating the completion (or failure) of the message recgption.

A N USData EEwindication service call shall only be issued by the network layer if a correct
FirdtFrame (FE)imessage segment has been received.

If the netweork layer detects any type of error in a FirstFrame (FF), then the message shall|be ignored

&Y : 3 . = atd —B greater than the
available receiver buffer size, then this shall be considered as an error condition and no N _USData
FF.indication shall be issued to the adjacent upper layer.

6.5.5 N_USData.indication

The N USData.indication service is issued by the network layer. The service primitive indicates
<N_Result> events and delivers <MessageData> with <Length> bytes received from a peer
protocol entity identified by the address information in N_NAD to the adjacent upper layer (see 6.4.1.2
for parameter definition).
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The parameters <MessageData> and <Length> are only valid if <N_Result>equalsN_OK.

N USData.indication (
N_NAD
<MessageData>
<Length>
<N Result>
)
The N USData.indication service call is issued after the reception of a SingleFrame (SF) message

or as an indication of the completion (or failure) of a segmented message reception.

If the network layer detects any type of error in a SingleFrame (SF), then the message shall be ighgred
by the network layer and noN USData.indication shall be issued to the adjacent upper layer.

7 Trangport layer protocol

7.1 Protocol functions
The transport layer protocol performs the following functions:
— transmission/reception of messages up to 4 095 data bytes;

— reportjng of transmission/reception completion/failure occurrence.

7.2 Single frame transmission

Figure 8 shows the transmission of a SingleFrame (SF):called LIN frame, which consists of 8 bytes
(Byte 1 ...[Byte 8) with Byte 1 = N_ NAD, Byte 2 = N“PCI and Byte 3 ... Byte 8 = N_Data. The acfual
message payload of a SF (see 7.4.2) is up to 6 data hytes (see also 8.3).

Higher Layer of Higher Layer of
the Sender the Receiver
N_SDU with less or N_SDU with less or
equal than 6 data equal than 6 data
bytes bytes
Transmission
to peer entity
SEN_PDU SFN_PDU
Network Layer of Network Layer of

Figure 8 — Example of a SingleFrame (SF) transmission

7.3 Multiple frame transmission

Transmission of longer messages is performed via segmentation of the message into LIN frames
(transmission of multiple N_PDUs). Reception of longer messages is performed via reception of multiple
LIN frames (N_PDUs) and reassembly of the received data bytes (concatenation) into a message. The
multiple N_PDUs are called FirstFrame (for the first N_PDU of the message) and ConsecutiveFrame (for
all the following N_PDUs).
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Messages longer than the allowed number of data bytes contained in a SF N_PDU are segmented into

— a FirstFrame protocol data unit (FF N_PDU), containing Byte 1 = N_NAD, Byte 2 + Byte 3 = N_PCI
and Byte 4 .. Byte 8 = N_Data. The actual payload of a FF (see 7.4.3 and 8.3) is 5 data bytes, and

— one or more ConsecutiveFrame protocol data units (CF N_PDU), containing Byte 1 = N_NAD,
Byte 2 = N_PCI and Byte 3 .. Byte 8 = N_Data. The actual payload of a CF (see 7.4.4 and 8.3) is 6 data
bytes. The last CF N_PDU contains the remaining valid payload data bytes N_Data. Unused data
bytes in the last CF N_PDU are stuffed with value FF1¢.

Figure 9 shows segmentation at the sender side and reassembly at the receiver side.

Higher Layer of Higher Layer of
the Sender the Receiver
N_SDU with more N_SDU with more
than 6 than 6
data bytes data bytes
FF N_PDU FF N_PDU
CFN_PDU (1) CFN_PDU (1)
Transmission
topeer entity
CFN_PDU (2) |:> CFN_PDU (2)

CFN_PDU (n) CFN_PDU (n)
Network Layer of Network Layer of
the Sender the Receiver

Figure 9'— Example of a multiple frame transmission (segmentation and reassembly)

The message length is transmitted in the FF N_PDU. All CF N_PDUs are numbered by th¢ sender to

Sup ortverificationof correct order of transmission

The master node application layer shall conform to the slave nodes capabilities. This can be realized by
schedule table design, scheduling mode (diagnostic only vs. interleaved mode) or by application specific
scheduling control. The transport layer of receiving slave nodes does not observe the STpjn.

These slave node capabilities are defined as follows.

SeparationTime minimum (STpin) is the minimum time the master node shall wait between the
transmissions of a FF and its first CF, as well as two CF. The separation time is statically specified for
each slave node (LDF/NCF) when supporting transport layer communication. The measurement of the
STmin starts after completion of transmission of a ConsecutiveFrame (CF) and ends at the request for
the transmission of the next CF.
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A slave node shall not take care on the capabilities of the master node (STmin) because it is the
responsibility of the master node application layer to apply an appropriate scheduling.

Capabilities of all nodes is that, each time the sender/receiver waits for an N_PDU from the
receiver/sender, a timeout mechanism allows detection of a transmission failure (see 7.6.2).

7.4 Transport layer protocol data units

7.4.1 Protocol data unit types

The commprritatiom betwee the peer protocor entities of the metwork fayer i different modes s done
by means gf exchanging N_PDUs.

This docurhent specifies three different types of transport layer protocol data units:
— Singleframe (SF N_PDU);

— FirstFrame (FF N_PDU);

— ConsegutiveFrame (CF N_PDU);

which are fised to establish a communication path between the peer netwerk layer entities, to exchange
communication parameters, to transmit user data and to release commiunication resources.

7.4.2 SFIN_PDU

The SF N_RDU is identified by the SingleFrame protocol conttol information (SF N_PCI). The SF N_PDU
shall be sent out by the sending network entity and received by all network entities. Only the one erftity
that is addressed by the N_AI shall proceed this request for the duration of the segmented mesdage
transmissipn. Other nodes which are not addressed shall reject already pending connections. It shall be
sent out to|transfer a service data unit that can be-transferred via a single service request to the data
link layer, 4nd to transfer unsegmented messages.

7.4.3 FFIN_PDU

The FF N_PDU is identified by the FirstFrame protocol control information (FF N_PCI). The F{ N_
PDU shall pe sent out by the sending network entity and received by all network entities. Only|the
one entity [that is addressed by the N_AI shall proceed this request for the duration of the segmented
message trfansmission. Other@odes which are not addressed shall reject already pending connectipns.
It identifies the first N_PDU)of a segmented message transmitted by a network sending entity pnd
received by a receivingaietwork entity. The receiving network layer entity shall start assembling|the
segmented message on.feceipt of a FF N_PDU.

7.4.4 CF|N_PDU

The CF N_HDUis identified by the ConsecutiveFrame protocol control information (CF N_PCI). The CF N_
PDU transfers segments (N_Data) of the service data unit message data (<MessageData>). All N_PDUs
transmitted by the sending entity after the FF N_PDU shall be encoded as CF N_PDUs. The receiving
entity shall pass the assembled message to the service user of the network receiving entity after the
last CF N_PDU has been received. The CF N_PDU shall be sent out by the sending network entity and
received by a unique receiving network entity for the duration of the segmented message transmission.

7.4.5 Protocol data unit field description

7.4.5.1 N_PDU format

The protocol data unit (N_PDU) enables the transfer of data between the network layer in one node and
the network layer in one or more other nodes (peer protocol entities). All N_PDUs consist of three fields,
as specified in Table 2.
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Table 2 — N_PDU format

Address information Protocol control information Data field

N_AI N_PCI N_Data

7.4.

5.2 Address information (N_AI)

The N_Al is used to identify the communicating peer entities of the network layer. The N_AI information
received in the N_SDU — N_NAD shall be copied and included in the N_PDU. If the message data
(<MessageData> and <Length>) received in the N_SDU is so long that segmentation is needed for

the
ine

Thi
rec

NOT

7.4

ery N_PDU that is transmitted.

field contains address information that identifies the type of message exchange
pient(s) and sender between whom data exchange takes place.

E For a detailed description of address information, see 6.4.1.

5.3 Protocol control information (N_PCI)

(repeated)

d and the

Thip field identifies the type of N_PDUs exchanged. It is also used to*exchange other control parameters

betveen the communicating network layer entities.

NOTI

7.4
The

parpmeter in the N USData.request servige,call. The <MessageData>, if needed, is

intg

Thd
of a

7.5

7.5

Each N_PDU is identified by means of an N_PCI (see Tables 3 and 4).

E For a detailed specification of all N_PCI parameters, see’7.5.

5.4 Data field (N_Data)

N_Data in the N_PDU is used to transmit the\service user data received in the <Mess

ngeData>
segmented

smaller parts that each fit into the N_PDU\data field before they are transmitted over the network.

size of N_Data depends on the N_PDU.type and on the number of remaining MessageD4
SF or the last CF belonging to themessage.

Protocol control information specification

1 N_PCI

Table 3 — Summary of N_PCI bytes

ta in case

N_PCI bytes
N(PDU name Byte #1 Byte|#2
Bits 7 - 4 Bits3-0 Bits 7- 0
SingleFrame (SF) N_PCltype =0 SingleFrame_DataLength (SF_DL) N/A
FirstFrame (FF) N_PCltype=1 FirstFrame_DataLength (FF_DL)
ConsecutiveFrame (CF) N_PCltype =2 SequenceNumber (SN) | N/A

© ISO 2016 - All rights reserved
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Table 4 — Definition of N_PCltype values

Value

Description

016

SingleFrame (SF)

For unsegmented messages, the network layer protocol provides an optimized implementation of
the network protocol with the message length embedded in the N_PCI byte only. SF shall be used to
support the transmission of messages that can fit in a single LIN frame.

116

FirstFrame (FF)

A FF shall only be used to support the transmission of messages that cannot fit in a single LIN frame,
i.e. segmented messages. The FF of a segmented message is encoded as a FF. On receipt of a FF, the

[receiving network layer entity shall start assembling the segmented message.

216

ConsecutiveFrame (CF)

Piv-
red.
the

When sending segmented data, all CFs following the FF are encoded as CF. On receipt of a CF, the rec
ing network layer entity shall assemble the received data bytes until the whole message/s receiy
The receiving entity shall pass the assembled message to the adjacent upper protocohlayer after
last frame of the message has been received without error.

316

Reserved

This range of values is reserved by this document. A FlowControl is not supported with LIN.

416 - F16

Reserved

This range of values is reserved by ISO 15765-2.

7.5.2 SingleFrame N_PCI parameter definition

7.5.2.1 §F N_PCI byte
Table 5 prdvides an overview of the SF N_PCI byte.
Table 5 — Overview of SF N_PCI byte
SF N_PCI byte
N_PDU name Byte #1
7 6 5 4 3 | 2 | 1 | o
SingleFranie 0 0 0 0 SingleFrame_DataLength (SF_DL
7.5.2.2 SingleFrame_Data Length (SF_DL) parameter definition
The paranjeter SingleFrame Data Length (SF_DL) is used in the SF N_PDU to specify the number of

service usH

r data bytes:See Table 6.

Table 6 — Definition of SF_DL values

Value Description

Invalid

016 . L .
This value is invalid.
SingleFrame_Data Length (SF_DL)

116 - 616 |The SF_DL is encoded in the low nibble of N_PCI byte #1 value. It shall be assigned the value of the
service parameter <Length>.
Invalid

716 - F16 . . .
This range of values is invalid.
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7.5.3 FirstFrame N_PCI parameter definition

7.5.3.1 FF N_PCI bytes

Table 7 provides an overview of the FF N_PCI bytes.

Table 7 — Overview of FF N_PCI bytes

FF N_PCI bytes
N_PDU name Byte #1 Byte #2
7| 6 [543 [2]1]0 7-0
FirgtFrame 0 0 0 1 FirstFrame_DataLength (FF_DL)

7.5{3.2 FirstFrame_DataLength (FF_DL) parameter definition

The parameter FF_DL is used in the FF N_PDU to specify the number of service user datal bytes. See
Table 8.

Table 8 — Definition of FF_DL values

Value Description

016|- 616 Invalid
This range of values is invalid.
716|- FFF16 |FirstFrame_DataLength (FF_DL)

The encoding of the segmented message length results in a twelve bit length value (FF_DL) where
the least significant bit (LSB) is specified‘to be bit “0” of the N_PCI byte #2 and the mos{ significant
bit (MSB) is bit three of the N_PCI byteZ#1. The maximum segmented message length slipported is
equal to 4095 bytes of user data. It shall be assigned the value of the service parametef <Length>.

7.514 ConsecutiveFrame N_PCI pardmeter definition

7.54.1 CF N_PCI byte
Tabje 9 provides an overview,of the CF N_PCI byte.

Table 9 — Overview of CF N_PCI byte

CF N_PCI byte
N_PDW-name Byte #1
5 4 3 | 2 | 1 ]| o
ConsecutiveFrame 0 0 1 0 SequenceNumber (§N)

7.5.4.2 SequenceNumber (SN) parameter definition
The parameter SN is used in the ConsecutiveFrame (CF) N_PDU to specify the following.
— The numeric ascending order of the ConsecutiveFrames (CF).

— The SN shall start with zero for all segmented messages. The FirstFrame (FF) shall be assigned
the value zero. It does not include an explicit SequenceNumber (SN) in the N_PCI field, but shall be
treated as the segment number zero.

— The SN of the first ConsecutiveFrame (CF) that immediately follows the FirstFrame (FF) shall be
set to one.
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a segmented message transmission.

ConsecutiveFrame (CF).

This shall 1

ead to the sequence given in Table 10.

Table 10 — Summary of SN definition

The SN shall be incremented by one for each new ConsecutiveFrame (CF) that is transmitted during

When the SN reaches the value of Fig, it shall wrap around and be set to 016 for the next

N_PDU FF CF CF CF CF CF CF CF
SN 016 116 E16 F1i¢6 016 116
See Table 1|1 for definition of SN values.
Table 11 — Definition of SN values
Value Description
016 to F1¢| |SequenceNumber (SN)

The SN shall be encoded in the lower nibble bits of N_PCI byte #1. The SN shall be set to a vz
within the range of 016 - F16.

—

ue

7.6 Network layer timing

7.6.1 Timing constraints

The timing
properties
accordingl
node confi

Performan
communic
the specifi
ranges def]

start of frame transmission degends on the schedule table definition and the schedule mode (see 9

for more in

Timeout ve
working sy
absolutely
node (i.e. t

constraints for the transport layer (based on ISO 15765-2) are defined in Table 12.
shall be within a defined range. Since LIN is slower than CAN, the values shall be adjus
p. These properties are part of the transport layer and shall not have any constraint on
buration.

ce requirement values are the. binding communication requirements to be met by €
htion peer in order to be cempliant with the specification. Since the LIN schedules vary v
C use case, a certain applieation may define specific performance requirements within
ned in Table 12. The-tinie between transport layer N_SDUData.request and data link 13

formation).

lues are defirted to be higher than the values for the performance requirements to ensu
stem and+t6 overcome communication conditions where the performance requirement
not beamet (e.g. high bus load). Specified timeout values in Table 12 or values given by
he NCF) shall be treated as the upper limit for any given implementation.

The
ted
the

ach
vith
the
lyer
6.4

rea

can
the

The netwo

detection of an error condition.

If a communication path is established between peer protocol entities, identified by N_AI (see 6.4.1 and
7.4.5.2 for further details), a single set of network layer timing parameters is assigned statically to this
communication path. For the selection of the network layer timing parameters no other information
beside N_Al is used.

20
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Table 12 — Network layer timing parameter definition

_— Data link layer service . Performance
Timing . Timeout .
Description requirement
parameter Start End ms ms
Time for trans- When the transport | When the diagnostic
mission of the LIN layer requests a frame has been con-
N_As frame (MRF or | diagnostic frame to be |firmed as transmitted 1000 N/A
SRF) on the trans- transmitted
mitter side
Time until request| When the previous | When the transport
to transmit the diagnostic frame in | layer requests the CF (N_Cs+N_As)
N_Cs next Consecutive- | the same message has | to be transmitted N/A <
Frame been confirmed as (0,9fN_Crmax)
(CF) transmitted.
Time until When the previous | When the next diag-
reception of the diagnostic frame in nostic frame in the
N_Cr . 1000 —
next Consecutive- | the message has been | message has been
Frame (CF) indicated as received. |indicated as received.
Thg N_Cs parameter does not require a timeout monitoring in the transmitting node since N_|As ensures

the

correct timeout behaviour. However, N_Cs shall be considered ifythe system design (sche
trapsmitter software design) so that a timeout on the receiver’siside (N_Cr) can be avoided.
FlgI

defines the network layer timing parameter values and their corresponding start and en

bas

Key

bd on the data link layer services.

duling and

re 10 shows the network layer timing parameters of an unsegmented message, while Table 12

 positions

fime

1SO 17987-2 IS0 17987-2
Sender Sender Start Start Receiver Receiver
N_USData L_Data 1 L_Data N_USData
i Restar Stop |
| NW_ |
i receiver |
H | H
TS - | |
i Single | |
' Frame : '
Ceond>= - —— Lol ||
| ' | .
| | | |
e I | ———— —_— JI_ —_——
v v v v v

1 |Sender N_USData.req: the session layer issues an unsegmented message to the transport layer.

Sender [_Data.req: the transport [ayer requests the SingleFrame transmission to the data Nk layer and starts
the N_As timer. This diagram shows the timing relationship between the data link and the transport layers and
does not imply actual bus message scheduling.

2 Receiver L_Data.ind: the data link layer issues to the transport layer the reception of the LIN frame.

Receiver N_USData.ind: the transport layer issues to the session layer the completion of the unsegmented

massage.

Sender L_Data.con: the data link layer confirms to the transport layer that the transport layer LIN frame has
been transmitted successfully. The sender stops the N_As timer.

Sender N_USData.con: the transport layer issues to the session layer the completion of the unsegmented

message.

Figure 10 — Placement of network layer timing parameters — unsegmented message
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Figures 11 and 12 illustrate the parameters in the time domain. The intention of the figures is to show
the transport layer timing parameters, not to require a certain implementation. The behaviour for the
master node and the slave node in the lower layers are generalized.

22

Transportlayer Driver Bus
Request transmission of diagnostic
frame (SF, FF or CF)
-
Start frame transmission
>
] Diagnostic frame
z (MRF or SRE)
Frame transmitted
¢
Transmission confirmation
2]
UI
z Request transmission of next
diagnostic frame (CF)
-
time time time

Figure 11 — Transport layer timing on transmitter side
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Figure 12 — Transport layer timing on receiver side

Transportlayer Driver Bus
Diagnostic frame
(MRF or SRF)
framereceived
<
diagnostic frame (FF or CF)
reception indication
o Diagnostic frame
© (MRF or SRF)
= frame received
<
diagnostic frame (CF) reception
indication
¢
time time time

Figuire 13 shows the network layer timing parameters of a segmented message, while Table] 12 defines
the[network layer timing parameter valués-and their corresponding start and end positions based on

the[data link layer services.
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1SO 17987-2 1SO 17987-2
Sender Sender Start Start Receiver Receiver
N_USData L_Data 1 L_Data N_USData

| ! Restar Stop | !
- Nw_ | - NW_ |
! sender | | receiver |
O—+ - | : !
i First | | |
' Frame ' : |
o+ —1+——p—{con |- tbormr-—--—> . }—{"ind }-—j-—{ FRind | |
j j i |
' IS [
. | !
@_ | Consecutive | |
@_ _|_ Frame |
B |
| i
- |
®_ —I— Consecutive |
@_ | Frame |
- _'_ H
- |
| i
- |
A1+ _ |
i Conszcsuﬁve :

. Frame
@t -
j |

Sender|N_USData.req: the session layer issues a segmented message to the transport layer.

Sender|L_Data.req: the transport layer requests thie-FirstFrame transmission to the data link layer and starts
the N_As timer. This diagram shows the timing relationship between the data link and the transport layersland
does ndt imply actual bus message scheduling.

Receivgr L_Data.ind: the data link layer issues to the transport layer the reception of the LIN transport lhyer
frame. The receiver starts the N_Cr timer:

Receivgr N_USData_FF.ind: the transport layer issues to the session layer the reception of a FirstFrame |of a
segmerjted message.

Sender|L_Data.con: the datadink’layer confirms to the transport layer that the LIN frame has been transmitted
succesdfully. The sender stops the N_As timer and starts the N_Cs timer.

Sender|L_Data.req: the, transport layer requests the first ConsecutiveFrame transmission to the data link lpyer
and stafts the N_Asitimer.

Receivdr L_Data:ind: the data link layer issues to the transport layer the reception of the LIN frame. The recdiver
restartg the N.Cr timer.

SenderL_Data.req: whenthe N_Cstimeriselapsed (STpin) the transportlayerrequeststhe next ConsecutiveFrame
transmission to the data link layer and starts the N_As timer.

Receiver L_Data.ind: the data link layer issues to the transport layer the reception of the LIN frame. The receiver
stops the N_Cr timer.

Sender L_Data.con: the data link layer confirms to the transport layer that the LIN frame has been transmitted
successfully. The sender stops the N_As timer.

Receiver N_USData.ind: the transport layer issues to the session layer the completion of the segmented massage.
Sender N_USData.con: the transport layer issues to session layer the completion of the segmented message.

Figure 13 — Placement of network layer timing parameters — segmented message

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8f6784dada5f6cc5c6ef12c24d45843f

ISO 17987-2:2016(E)

7.6.2 Network layer timeouts

Table 13 defines the cause and action in a network layer timeout.

Table 13 — Network layer timeout error handling

Timeout Cause Action
Any N_PDU not transmitted in time on the sender side. |Abort message transmission and issue
N_As N_USData.confirm with
<N_Result>=N_TIMEOUT_As.
ll] €omsecutiveframre N—PBY ot tramsmitted i timreon Abortmmessage tramsmissiomrand issue
Cs the sender side. N_USData.confirm with

<N_Result> = N_TIMEOUT\Cs.

ConsecutiveFrame N_PDU not received (disturbed or not|Abort message receptionyand ifsue
N Cr transmitted) on the receiver side. N_USData.indication-with
<N_Result> = N.PIMEOUT _Cr.

7.6]3 Network layer error handling

The following error handling applies.

A SingleFrame PDU (SF) with a DataLength (DL) value gréater than six bytes shall be ignpred by the
receiver.

A FirstFrame PDU (FF) with a DataLength (DL).value less than seven bytes shall be ign¢red by the
receiver.

A FirstFrame PDU (FF) with a DataLength(DL) value greater than the maximum availdble receive
buffer size of the slave node shall be ignored by the receiver and the receiver shall nqt start the
reception of a segmented message.~This implies of course that the receiving node is refeiving the
complete message (the target node}-and not a fragmented (in case of gateway).

If the network layer receives.a'SF with a SF_DL equal to zero then the network layer shal] ignore the
received SF N_PDU.

PDUs with unexpected*N_PCI types from any node shall be ignored except SingleFranje (SF) and
FirstFrame PDUs (FE)!

When a SingleFrame (SF) or FirstFrame (FF) PDU is received in a slave node, with a NAD not equal
to the functional NAD, while a message reception (request) or transmission (response] is already
ongoing theécurrent reception or transmission shall be aborted. Reception of the new message shall
be started if the NAD equals the node’s configured NAD or broadcast NAD.

When a SingleFrame (SF) or FirstFrame (FF) PDU is received in a master node while|a message
reception (response) is already ongoing the current reception shall be aborted.

Reception of the new message shall only be started if the NAD equals the NAD that was addressed
in the appropriate request.

If a CF N_PDU message is received with an SequenceNumber (SN) not according to the definition
in 7.5.4.2, the message reception shall be aborted, and the network layer shall makea N USData.
indication service call with the parameter <N Result> = N WRONG SN to the adjacent
upper layer.

The message reception shall be aborted by the receiver after occurrence of an N_Crp,ax timeout.

The message transmission shall be aborted by the transmitter after occurrence of an N_As timeout
(see Table 13).
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If the time between two subsequent CFs of a segmented data transmission (N_As + N_Cs) is smaller

than the STy, value or the receiving node there is no guarantee that the receiver of the segmented
data transmission correctly receives and process all frames. In any case, the receiver of the
segmented data transmission is not required to monitor the adherence of the ST, value.

7.6.4 Unexpected arrival of N_PDU

An unexpected N_PDU is defined as one that has been received by a node outside the expected order
of N_PDUs. It could be an N_PDU defined by this document (SF N_PDU, FF N_PDU, CF N_PDU) that is
received out of the normal expected order or with a NAD that is different to the currently used NAD. As

2L

N_DDILIL

described

Tables 14 4
PDU for M4
different p

When the
not notify {

1 | H
11 7.U.J dll Cau_y AdAIN_1T DU VVvI

bssible NAD values received.

Table 14 — Master node handling of unexpected N_PDUs

£l 1 RCIL HP <
LT UITINITUWIT I Ul l._y PC IS lsllUl Cu.

bpecified action is to ignore an unexpected N_PDU, this means that the network layer s
he upper layers of its arrival.

nd 15 define the network layer behaviour in the case of the reception of an unexpected N_
ster and Slave node. It considers the current internal network layer status (NWL status) and

Reception of Reception of Reception of
NWL stafus SF N_PDU FF N_PDU CFN_PDU

Segmented Ignore Ignore Ignore

transmissign in

progress

Segmented New NAD equals current New NAD equals'current New NAD equals current

reception in NAD: NAD: NAD:

progress . . .
Terminate the current Terminate‘the current Terminate the current
reception, report a reception, report a reception, report a
N_USData.indication, with N_USData.indication, with N_USData.indication, with
<N_Result> setto N UNEXP_ |<N,Result>setto N UNEXP_ |[<N_Result>setto N WRONG_
PDU, to the upper layer, and (*|PDU, to the upper layer,and |SN, to the upper layer. (Only|a
process the SF N_PDU as the Tprocess the FF N_PDU as the |wrong SequenceNumber can
start of a new reception: start of a new reception. be unexpected)
Other NAD: Other NAD: Other NAD:
Ignored Ignored Ignored
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Table 15 — Slave node handling of unexpected N_PDUs

Reception of

Reception of

Reception of

in progress

Terminate the current
transmission, report a N_US-

Terminate the current
transmission, report a N_US-

NWL status SFN_PDU FFN_PDU CFN_PDU
Segmented New NAD equals configured [New NAD equals configured |Ignore
transmission |NAD or broadcast NAD: NAD or broadcast NAD:

Data.coniirm with <N_Result>
setto N_UNEXP_PDU, to the
upper layer, and process the
SF N_PDU as the start of a new
reception.

Data.coniirm with <N_Result
setto N_UNEXP_PDU, to the
upper layer, and process the
FF N_PDU as the start of a new
reception.

Functional NAD: Functional NAD:
Ignore Ignore (invalid N_PDU format)
Other NAD: Other NAD:

Terminate the current
transmission, reporta N_US-
Data.confirm with <N_Result>
set to N_UNEXP_PDU, to the
upper layer. A different slave
is addressed.

Terminate the current
transmission, report a N(US-
Data.confirm with <NLResult>
set to N_UNEXP_PDU,to the
upper layer. A différent slave is
addressed.

Terminate the current
reception, report a N_USData.
indication, with <N_Result>
set to N_UNEXP_PDU, to the
upper layer, and process the
SF N_PDU as the start ¢f asnew
reception.

Functional NAD: Functional NAD: Other NAD:
Ignore Ignore (invalid N_PDU format) |Ignored
Other NAD: Other NAD:

Terminate the current
reception, report a N_USData.
indication, with <N_Result>
setto N_UNEXP_PDU, to the
upper layer. A different slave
is addressed.

Terminate the current
reception, report a N_USData.
indication, with <N_Result>
set to N_UNEXP_PDU, to the
upper layer, and process the
FF N_PDU as the start of a new
reception.

Terminate the current
reception, reporta N_USData.
indication, with <N_Result>
set to N_UNEXP_PDU, to the
upper layer. A different slave is
addressed.

Segmented New NAD equals configured |New NAD equals configured |New NAD equals cgnfigured
receptionin |NAD or broadcast NAD: NAD or:broadcast NAD: NAD:
progress

Terminate the current
reception, report a N_USData.
indication, with <N_Result> set

to N.WRONG_SN, to
layer. (Only a wrong|

the upper
Sequence-

Number can be unejpected)

8 Data link layer usage

The data link layer services defined in this document are providing an interface for transport/network
layer services only. Any data exchange on LIN is controlled by the usage of schedule tables in the master
node. Service defined therefore always requires a LIN master node application which serves the current
communication demand. In case of diagnostic communication using transport layer services the master
nodes application shall activate appropriate schedule tables that contain MRF and SRF.
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8.1 Datalink layer service parameters

The following data link layer service parameters are defined in [SO 17987-3.

— <Data>: LIN frame data
— <Transfer_Status>: status of a transmission
8.2 Dat

8.2.1 L_Data.request

The service primitive requests transmission of <Data> that shall be mapped into a MRE/SRF. <Data>
consist of the N_NAD, N_PCI and N_Data field. In case of the SF or last CF additional stuffing data may

8.2.2 L_Data.confirm
The service primitive confirms the completion ofan . Data.reghést service.

The parameter <Transfer Status> provides the status of the’service request:

L Data.conpfirm (
<Transfer Status>

)

8.2.3 L_Data.indication
The servicg primitive indicates data link layer event to the adjacent upper layer and delivers <Data>
identified:

L Data.indlication (
<Data>
)

8.3 Mapping of the N_PDU fields
N_PCI and [N_Data are placeéd’in the LIN frame data field (see Table 16). If the N_PDU to be transmifted

in a SF or last CF is shorfer'than SF N_PDU/CF N_PDU filed the sender shall pad any unused bytes in|the
frame with FFq¢.
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Table 16 — Mapping of N_PDU parameters into LIN frame

LIN frame
Byte 1 Byte 2 | Byte 3 | Byte 4 | Byte 5 | Byte 6 | Byte 7 | Byte 8
LIN frame LIN frame data field
N_PDU type address field .
- _ ie
(N_NAD) N_PCI LIN SF N_PDU field
SingleFrame (SF) NAD SF N_Data/Byte Padding
N_PCI LIN FF N_PDU fie’lb
FirftFrame (FF) NAD FF N_Data ()
N_PCI LIN CF N_PDU field”
ConsecutiveFrame (CF) NAD CF N_DaBﬁ\' .
N_PCI LIN CF N4PDU field
las} CF NAD CF N_Data/Byte Padding
8.4 Transport layer PDU structure and communication
8.4]1 PDU structure
8.4]1.1 Mapping of CAN to LIN and LIN to CAN frame-data field
The units that are transported in a transport layer.frame are called PDU. A PDU can be p complete
megsage or part of a message; in the latter case, multiple concatenated PDUs form the complefe message.

Meg
sery

The

sages issued by the client (tester, master‘node) are called requests and messages iss
rer (master node, slave node) are called.responses.

first byte in the payload is used“as“a node address (NAD). The transport layer frames

frame IDs, since the diagnostic frames are used. This means that the addressing of a node (d

is

IM
ex
nodg

ade using the NAD.

lied by the

have fixed
r function)

ORTANT — No FlowControl frames are supported in LIN clusters. If the backbone bus, for

mple, CAN test equipment needs FlowControl PDUs, these shall be generated by t
e on the backbone(CAN) side.

Ar

uting of backbone bus transport layer frames (such as defined in ISO 15765-2) to a LlII

pospible on datadink layer already when the mapping of N_PDU fields is similar to LIN. This
Byte 1 of the’back bone bus N_PDU is used to identify the LIN subscriber(s) and can be conve
LIN|masterinto a N_NAD.

In cpse.of CAN, this condition is fulfilled for

he master

N cluster is
means that
rted by the

11 bit CAN ID mixed addressing Tp,

29 bit CAN ID mixed addressing Tp, and

extended addressing.

NOTE Extended addressing uses a target address N_TA definition. Only in case each

represents an own unambiguous N_TA value in the master node a conversion into N_NAD
Otherwise, data link layer routing is not supported by mixed addressing.

This data link layer routing is depicted in Figure 14 and called Tp raw.

slave node
is possible.

If data mapping of the back bone bus does not match the LIN format, routing is supported on
application/session layer level. The message data reception shall be confirmed by a N_USData.indication
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service call issued by the back bone bus network layer. The master node application/session layer shall
forward this message as a new N_USData.request service request to the LIN network layer. Reception is
handled accordingly.

e LIN Master Node (Data Link Layer Gateway CAN to LIN: Mapping of data fields) N
N_AE addresses a LIN slave node represented by it3 configured NAD in parameter N.NAD
| CAN network with mixed addressing with 11 bit CAN identifier | | LIN network |
| 1S0 15765-2 CAN Transport Proto col frame | 1SO 17987-2 LIN Transport Protocol frame
| canm ][ Byte1 | Byte2 | Byte3 | Byte4 | Bytes [ Byte6 | Byte7 | Bytes [ LN [ Bytet | Byte2 | Byte3 [ Byte4 | Byte5 | Byte6 | Byte7 | Bytes

NEDY NAI N_AE CAN frame data field SED N_AI LIN frame data field
type type
SF | CAN P ” N_AE |N,PCI |N,Data 4—|—> Byte Padding < »| sF | MRF/SRF " N_NAD |N_Pcl |N_Dala 4_|_> Byte Padding |

FF | CAN || N_AE |N_PCI |N_Dat3 |<—’| FF | MRF/SRF || N_NAD | N_PCI |N_Data |

1
FC | CAN Ip || N_AE |N,PCI |N/A |

1 O
CF | CAN ” N_AE |N_PCI |N_Data |<—>| CF | MRF/SRF || N_NAD |N,PCI |N,Daca

1 —
last N_Data <—|—> Byte Padding |<—>| last CF | MRF/SRF || N_NAD | N_PCI | lastN_Data <—|—> Byte Padding

last CF | CAN Ip || N_AE |N,PCI

Figure 14 — Mapping of data fields of 11 bit CAN ID with mixed addressing

To simplifyf conversion between ISO 15765-2 transport layer frames with 29 bit CAN IDs and transjport
layer frames of this document a very similar structure is defined-which supports the PDU types sh¢wn

in Figure 15.

e LIN Master Node (Data Link Layer Gateway CANto LIN: Mapping of data fields) N

N_AE addresses a LIN slave node represented by it coifigured NAD in parameter N.NAD
| CAN network with mixed addressing with 29 bit identifier | | LIN network |
| 1S0 15765-2 CAN Transport Proto col frame | 1SO 17987-2 LIN Transport Protocol frame
[ canp ][ Bytet | Byte2 [ Byte3 | Byte4 | Byte5 | Byte6 | Byte7 ] Byte® [ LNID [ Byte1 [ Byte2 [ Byte3 | Byte4 | Byte5 | Byte6 | Byte7 | Bytes
S
KUY N.TA | NSA N_AE CAN frame data field N._PDU N_AI LIN frame data field
type type
SF | CAN P " N_AE | N_PCI | N_Data 4—|—> Byte Padding |<—>| SF | MRF/SRF " N_NAD | N_PCI | N_Data 4—|—> Byte Padding |
FF | CAND " N_AE |N_PCI |N_Data |(—)| FF | MRF/SRF " N_NAD |N,Pc1 | N_Data |
FC | CAND " N_AE | N_PCI | N/A |
CF | CAND || N_AE |N,PCI |N,Data |<—>| CF | MRF/SRF || N_NAD |N_PC1 |N_Data |
last CF | CAND || N_AE |N,PCI lastN_Data 4—'—} Byte Padding |<—)| last CF | MRF/SRF || N_NAD | N_PCI | lastN_Data 4—'—} Byte Padding |

Figure 15 — Mapping of data fields of 29 bit CAN ID with mixed addressing

Requests are always sent in master request frames and responses are always sent in slave response
frames.

8.4.1.2 Service identifier (SID)

The service identifier (SID) specifies the request that shall be performed by the slave node addressed.
0016 .. AF16 and CO1¢ .. FE16 are used for diagnostics while B0O1¢ .. BF16 are used for node configuration
and node identification (see ISO 17987-3). The Response Service Identifier (RSID), SID+4016, specifies
to which requested service the response belongs to.

The Response Service Identifier (RSID), SID + 4014, specifies the content of the response message.
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8.4.1.3 Data field (N_Data)

The interpretation of the data bytes depends on the SID or RSID. In multi-PDU messages, all data bytes
in all PDUs of the message shall be concatenated into a complete message, before being parsed.

If a PDU is not completely filled with payload data (applies to last CF and SF PDUs only), the publisher of
the PDU shall pad the unused bytes with FF1g.

8.4.2 Communication

8.42-+—Generat

It i required that a transport layer message is exclusive on one bus. This means thattho inter-leaving
fraI:es are allowed to the “request receiving” and “response transmission” of a slaverduripg a multi-
frame transport message with the exception of a functional request.

9 [Diagnostic communication requirements
9.1] Definition of diagnostic classes

9.1]1 General

Architectural, diagnostic communication performance and\transport protocol needs of slav¢ nodes are
accpmmodated by dividing diagnostic services functionality into three diagnostic classes.

Therefore, a diagnostic class is assigned to each’\slave node according to its level of|diagnostic
funttionality and complexity.

9.1)2 Diagnostic class I

Smart and simple devices like intelligefit'sensors and actuators, requiring none or very low] amount of
diagnostic functionality. Actuator ¢ontrol, sensor reading and fault memory handling is done by the
magter node, using signal carrying frames. Therefore, specific diagnostic support for these tasks is not
reqpired. Fault indication is always signal based.

9.113 Diagnostic class Tl

A C‘Iagnostic class_{I-slave node is similar to a diagnostic class I slave node, but it proyides node
identification support. The extended node identification is normally required by vehicle manpfacturers.
Testers or master nodes use ISO 14229-1 diagnostic services to request the extended node id¢ntification
infgrmation{ Actuator control, sensor reading and fault memory handling is done by the master node,
usiTg sigial*carrying frames. Therefore, specific diagnostic support for these tasks is noft required.

Fault iridication is always signal based.

9.1.4 Diagnostic class III

Diagnostic class III slave nodes are devices with enhanced application functions, typically performing
their own local information processing (e.g. function controllers, local sensor/actuator loops). The slave
nodes execute tasks beyond the basic sensor/actuator functionality, and therefore require extended
diagnostic support. Direct actuator control and raw sensor data is often not exchanged with the master
node, and therefore not included in signal carrying frames. ISO 14229-1 diagnostic services for /0
control, sensor value reading and parameter configuration (beyond node configuration) are required.

Diagnostic class III slave nodes have internal fault memory, along with associated reading and clearing
services. Optionally, reprogramming (flash/NVRAM reprogramming) of the slave node is possible. This
requires an implementation of a boot loader and necessary diagnostic services to unlock the device
initiate downloads and transfer data, etc.
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The primary difference between diagnostic class Il and diagnostic class III is the distribution of
diagnostic capabilities between the LIN master node and the LIN slave node for diagnostic class Il while
for a diagnostic class III LIN slave node no diagnostic application features of the LIN slave node are
implemented in the LIN master node.

9.1.5 Summary of slave node diagnostic classes

Table 17 shows a list of diagnostic services supported by the different diagnostic classes. All supported
configuration and diagnostic services of a slave node are listed in the node capability file, see Node
Capability Language Specification. See 1SO 17987-3:2016, 6.3.4.4 for a detailed description of node
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Table 17 — Slave node diagnostic properties

§lave diagnostic class I II II1 Service
identifiey
Diagnostic transport protocol requirements
SingleFrame (SF) transport only mandatory N/A N/A N/A
Full functign transport protocol N/A mandatory marndatory |[N/A
(multi-segrhent)
Required configuration services
AssignNAD optional optional optional B016
AssignFrameldentifier (legacy) optional optienal optional Blie
ReadByldeftifier (0016 = Product ID) mandatory mandatory mandatory |B2160016
ReadByldentifier (all except Product ID) optional optional mandatory [B216XX16
DataDump optional optional optional B416
AutoAddrefpsingSlave (legacy SID) optional optional optional B516
Targeted Reset (SAE J2602 nodes only) mandatory mandatory mandatory [B51¢
SaveConfiguration optional optional optional B616
AssignFrameldentifierRange mandatory mandatory mandatory [B716
AutoAddrefpsingSlave optional optional optional B816

9.2 Diagnostic messages

The LIN transport layer uses'the same diagnostic messages as defined in ISO 14229-7. The SID and R
ording to ISO 44229-7. A node may implement a subset of the services defined in ISO 1427

shall be ac

Some very

simple LIN-'slaves (ASIC-based) may implement a fault reporting form of diagnos
using custpm parameters in the data fields. Since these parameters may be vehicle manufacture

applicatior]-specific, they should be processed by the LIN node application.

9.3 Using the-tt anspot t la_ycn

SID
9-7.

tics
' or

Two communication cases exist using the transport layer, the master node wants to transmit a
diagnostic request to a slave node or the slave node wants to transmit a diagnostic response. There are
several use cases for a master node why a request message is sent

diagnostic request from backbone,

— slave node self-diagnostics, and

— slave node configuration and identification.

Figures 16 and 17 show the message flow in these two cases.
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It is important that the unit controlling the communication (the tester or the master) avoids requesting
multiple slaves to respond simultaneously as each new request is rejecting any pending response from
a slave node addressed before.

IS0 17987-2 LIN

Master Slave
Silent slot
(no pending diagnostic request)
ID=3C16
_________ = Di ti t
iagnostic reques
- g q
Silent slot
(no pending diagnostic request)
Figure 16 — Diagnostic request
IS0 17987-2 LIN
Master Slave
ID=3D16
_________ > Header, but no
response from slave
ID=3D16
————————— = [
Diagnostic response
¢
ID=3D16
_________ >
Header, but no
response from slave

Figure 17 — Diagnostic response
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9.4 Slave node diagnostic timing requirements

This subclause contains the timing parameter requirements that shall be taken into account when
designing the LIN cluster. The monitoring for diagnostic class Il and III slave nodes shall be implemented
by the slave node itself.

Table 18 defines the diagnostic communication timings.

Table 18 — Diagnostic communication timings

Parameter | Affected

Description

Minimum value

Maximum

device

/performance
requirement

valueh
timeont

P2

masternode

Time between reception of the last frame of a diagnostic
request on the LIN bus and the slave node being able
to provide data for a response.

The maximum value defines the time after which a
slave node shall have received a slave response header
before it discards its response.

Each slave node defines this minimum value in the
NCF or LDF, see 11.3.2 and 12.3.4.

50 ms

500 mls

STmin

masternode

The minimum time the slave node needs to prepare
the reception of the next frame of a diagnostic reguest
or the transmission of the next frame of a diagnostic
response.

Each slave node defines this minimum<alue in the
NCF or LDF, see 11.3.2 and 12.3.4.

p2*

masternode

Time between sending a NRC 7844 and the LIN-slave
being able to provide data for-a\response.

P2

2000 ms

A timing s
equipment

equence chart of the diagnostic comimunication is shown in Figure 18. The external fest
is shown only as an example.
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Tester Master Slave
FF
Diagnostic \;
request
A—-"""'F'C”/
&)=3C16
—
£
E
=
w
W»
ID=3C16
— ™"
g A
N
=¥
ID=3D16
Diagnostic A
response 4’_/,_5'1/" ID=3D16
T — £
[7,]
“»
ID=3D1s v
k/,_c,‘i,/ ID=3D16
T — — £
\D ;E
FF- FirstFrame
ID=3D16

CF - ConsecutiveFrame

FC - FlowControl

4——"""9;’/

Figure 18 — Timing sequence chart of the diagnostic communication from the tester to LIN via
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9.5 Response pending

Slave nodes of diagnostic class II and III are supporting ISO 14229-7 UDSonLIN based diagnostic
services. In case a service requires more time than P2 for processing, a response pending frame
according to ISO 14229-1 and ISO 14229-2 is transmitted by the slave node to extend the maximum
response time. A response pending frame may be repeated within P4 timing. Whenever a response
pending frame is used a final positive or negative response is mandatory for this request. A master
node receiving a response pending frame extends the response timeout to P2* and continues waiting
for the final slave response.

The response pending frame is defined as a SingleFrame negative response with NRC 7814.

Table 19 d¢fines the response pending frame format.

Table 19 — Response pending frame format

NAD PCI RSID D1 D2 D3 D4 D5
NAD 0316 7F16 SID 7F16 FF1¢ EFve FF16

9.6 Tranpsport protocol handling in LIN master

9.6.1 Gejneral

The LIN master is responsible for handling the scheduling according to the currently active diagngstic
transmissipns. This subclause defines the requirements for schedules and schedule handling which
shall be implemented to enable diagnostic communication with any slave node. The master node fcts
as a netwdrk layer router between the backbone bus and*the LIN cluster, implying that the transport
protocols dn the backbone bus and on the LIN cluster arethandled by the master.

Within the next chapters several communication sequence diagrams are used. Refer to Figure 19 for
the explanftion of communication diagrams. For clearness of the communication sequence charts,|the
size of the [interleaved normal communication(chedules as well as the size of the diagnostic schedfiles
do not reptiesent the correct delays in the schedules and is only a schematic graphical representatiopn.

Active schedule table
Master Slave

e R g =/ —[>
\C. ) Master request frame

L
)

Diagnostic master request
schedule

Slave response frame Diagnostic slave response

schedule

Slave response frame

. Diagnostic slave response
N without response g P

schedule

Empty slot /
normal communication

Normal communication schedule

s A5
|
|
|
VY
~ —F—F—

Figure 19 — Legend of communication sequence charts

9.6.2 Diagnostic master request schedule

The master node shall support a diagnostic master request schedule table that contains a single master
request frame. It is up to the LDF designer to add this specific schedule table.
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The diagnostic master request schedule table shall be executed whenever a master request frame shall
be transmitted (see Figure 20).

NOTE By insertion of an execution of the diagnostic master request schedule table, the overall timing of the
normal communication schedule is affected.

Active schedule table

Normal communication
schedule

Diagnostic master request
schedule

Normal communication
schedule

||
I
L1
I

1 4

Figure 20 — Interleaving of normal communication schedule table

9.6j3 Diagnostic slave response schedule

Theg master node shall support a diagnostic slave response schedule table that contains a gingle slave
response frame. It is up to the LDF designer to add this specific schedule table.

The diagnostic slave response schedule table-shall be inserted between the executions of the normal
conpmunication schedules whenever a slave response frame shall be transmitted (see Figurd 21).

NOTE Note that by insertion of an additienal execution of the diagnostic slave response schedyle table the
overall timing of the normal communication’'is affected.

Active schedule table

Normal communication
schedule

Diagnostic slave response
—— — schedule

Normal communication
schedule

Figure 21 — Interleaving of a diagnostic slave response schedule table

9.6.4 Diagnostic schedule execution

9.6.4.1 General

When no diagnostic communication is active, the master node shall not execute diagnostic schedules
tables (see Figure 22). This shall be the default behaviour of the master node.
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Active schedule table

Normal communication
—]— — schedule

Normal communication
e e schedule

| Normal communication
—— — schedule

Normal communication
_—— — schedule

tv

Figure 22 — No diagnostic communication

A master npde supports the following different scheduling modes:

— interle
— diagnd

The two m
operate ea
diagnostic

9.6.4.2 1

hved diagnostics mode (mandatory);

stics only mode (optional).

odes are defined in greater detail in 9.6.4.2 and\9.6.4.3. The master node shall suppont to
Ch of its connected LIN clusters in the one or-the other mode upon request from an extefnal

test tool.

Jiagnostic interleaved mode

When diag
normal co

schedule,

the meanti
communic

When usinfg the diagndstic interleaved mode, it shall be ensured (via normal communication schetule
1t the tinre,between two subsequent diagnostic schedules fulfils the vehicle manufactu

design) th3
specific di3

nostic schedules need to be executed, the master node shall finish the currently runiing

munication schedule with ¢he last defined frame entry and then switch to the required
diagnosticschedule to perform the transmission (see Figures 20 and 21). After execution of a diagndstic
e master node starts ggain the previous normal communication table from its beginming
or changed to another scheduletable and frame index if another schedule table has been requestef in
e. A new diagnosti¢-schedule table is not executed until the end of the interleaved norjmal

htion schedule table.

gnostier€quirements.

er-
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Active schedule table

Normal communication
e schedule

Diagnostic master request
e e schedule

Normal communication
—_—— — schedule

Diagnostic slave response
—_— — schedule

tVv

Figure 23 — Normal diagnostic communication’'mode

Theg number of executions of the diagnostic master request schiedule table depends on the|amount of
datj that needs to be transmitted and shall be determined $by ‘the master node considering the LIN
tramsport protocol (e.g. two executions of the schedule for*transmitting 10 user data bytep using the
LIN|transport protocol).

The subsequent interleaved execution of the diagnostic slave response schedule table depends on
the[amount of data to be transferred and shall therefore be performed by the master node until the
tramsmission has been successfully finished or atransport protocol timeout occurs.

If aldiagnostic transmission from a slave node to the master node has been started, the mlaster node
sha|l keep executing the diagnostic slave.response schedule even when one or several slave response
frame headers have not been answered\(see Figure 24) until

— |a P2max/P2*max timeout occurs (see 9.4), and

— |atransport protocol timeout occurs (see Table 12).
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External
test tool Master Slave
Active schedule table
>
Diagnostic request to slave _
=3¢ -
Master request frame Diagnostic master
- request schedule
N~
Normal communication
ID=3Dy¢ schedule
— — — — — — — > <<
Slave response header Diagnostic slaye
without response response schedule
N~
Normal' communicajtion
CAN schedule
ID=3D16
—————— — > “+
Slave response header Diagnostic slave
without response response schedule
~N~
Normal communicajtion
schedule
ID=3D1s
— ————— _D ~-
Slave response header Diagnosticslave
< withresponse (SF) response schedule
~~
Diagnostic response
¢

Figure 24 — Continued execution of diagnostic slave response schedule table until response is
received

9.6.4.3 Diagnostic only mode

The mastef node may optionally implement a “diagnostics only mode” in which only the diagndstic
schedules aind no normal communication schedules are executed. The basic principles to use mapter
request frame schedule tables-and slave response frame schedule tables are the same as for|the
diagnostic$ interleaved mode@&xcept that no normal communication schedules are interleaved between
the diagnoftic schedule tables:

This is to ajlow for optifized diagnostic data transmission (e.g. when reading slave node identificatjons
or during flash reprogfamming, see Figure 25 for the different use cases).
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®

Active schedule table

Diagnostic master Diagnostic slave response Diagnostic master
request schedule schedule request schedule
~ ~ AN
Diagnostic master Diagnostic slave response Diagnostic slave response
request schedule schedule schedule
N N N
~ ~ AN
Diagnostic master Diagnostic slave response Diagnostic master
request schedule schedule request schedule
NG AN X
~ ~ N
Diagnostic master Diagnostic slave response Diagnostic slave response
request schedule schedule schedule
N N N
tV 1 4
Key
1 |long transmission to diagnostic slave
long transmission from diagnostic slave
3 |subsequent requests with responses from diagnostic slave nodes
Figure 25 =Use cases for diagnostic only mode
The diagnostic only mode shall.be enabled and disabled via diagnostic service request from external
tesq tool (e.g. service “communjcation control” in ISO 14229-7 to disable normal communicaftion on the
LIN| cluster leads to the activation of the “diagnostic only mode”). When operating in the|diagnostic
only mode without any ‘active transmission the master node shall execute diagnostic slave response
schedule tables to prévent slave nodes to enter sleep mode (see Figure 26).
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Active schedule table

Diagnostic slave response
schedule

Diagnostic slave response
schedule

Diagnostic slave response
schedule

Diagnostic slave response
schedule

Figure 26 — Default schedule in the diagnostic only.mode

9.7 Transmission handler requirements

9.7.1 Ge
For each L

neral

N cluster, the master node implements one instahce of the transmission handler speci

fied

in 9.7.2. Thie transmission handler shall be capable to operate in either interleaved diagnostics modg or

diagnostic

At least on
handled pe

Broadcasti
active con

Asynchron
boot loade
transport |
the positiv

boot loader.

9.7.2 M4

A transmis

5 only mode.

r cluster.

g to all LIN clusters of a master’node shall always be possible regardless of the curre
ections.

e response is transmitted after the slave node has performed a physical reset to enter

ster node’/transmission handler

completely

under the control of the application. The following states are defined for both modes:

ous responses from slave fiodes without any prior request are prohibited. A slave node v
" capability may howgever confirm a programming request that has not been received by
ayer/diagnostic layer in the same runtime context. When entering a programming sess

sion\handler shall be implemented by the master node according to Figure 27. Schedulin

b active master to slave node physical ttansmission plus one functional transmission cap be

htly

vith
the
ion,
the

gis

Idle:

In this state, the master node is neither receiving nor transmitting any transmission on the LIN
cluster. It is continuously available for any new transmission request.

Tx functional active:

In this state, the master node is routing a functional addressed request from the backbone bus
to the LIN cluster. This can only be a SingleFrame (SF) according to restrictions for the transport

protoc

42

ol on LIN.
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— Tx physical active:

In this state, the master node is currently routing data from the backbone bus to one slave node
in the LIN cluster. The master node is consequently occupied and cannot route any other physical
transmission from the backbone bus to the LIN cluster. Also, no response from a slave node can be
routed to the backbone bus.

— Rx physical active:

In this state, the master node is routing a transmission from a slave node to the backbone bus. It
is possible to transmit functional addressed requests to the LIN cluster but cannot handle further
physical transmissions to a slave node.

— |Interleaved functional during Tx:

This is the state in which the master node routes a functional addressed requestifrom the backbone
bus to the LIN cluster, while a transmission to a slave node is currently active, Functional addressed
SingleFrames (SF) can be transmitted, but shall be ignored by the activesslave node while receiving
a physically addressed transmission.

— |Interleaved functional during Rx:

In this state, the master node routes a functional addressed request from the badkbone bus
to the cluster, while a reception from a slave node is-etirrently active. Functional|addressed
SingleFrames (SF) can be transmitted, but shall be{igriored by the active slave node while
transmitting the physically addressed response.
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( Tx functional active

\:Ill) (13) (1'2)
Y

/L 1dle
@

/ N

(1) (14)
(6) > & %O
(€) Tx physical Rx gl}ﬁcal ™)
(15)
X \/AQ
“) (5)\ 28) 9)
Interleaved Tx Interleaved Tx
functional during Tx functional during Rx
physical physical

Idle stafe — Tx physical active state

— Trigger: Start of a physical transmission from the backbone bus to a slave node.
— Effgct: Start executing diagriostic master request frame schedule tables and handle the transport protdcol.
Tx phydical active state — Idl€ state

— Cohdition: Routing-ef-the physical transmission from the backbone bus to the cluster has finished for a
transpdrt protocol transmission error (e.g. timeout) on the backbone bus occurred.

— Actjon: Stop exeecuting master request frame schedule tables.
Tx phydical active.state — Tx physical active state
— Cor}dition{ A new physical request is triggered while a previous one is operated.

— Act|oA new transmission request is accepted and the previous pending physical request is discontinued.

Tx physical active state — Interleaved functional request during Tx physical state
— Condition: Functional addressed request from the backbone bus has been received.

— Action: Interrupt the physical transmission to the slave node and execute a single master request frame
schedule to transmit the functional addressed request onto the cluster.

Interleaved functional during Tx physical state — Tx physical active state

— Condition: Functional addressed request has been routed onto the cluster.

— Action: Continue the interrupted physical transmission to the slave node.

Tx physical active state — Rx physical active state

— Condition: The physical transmission to the slave node has been successfully completed.

— Action: Stop executing master request frame schedule tables, start executing slave response frame schedule
tables and handle the incoming response from the previously addressed slave node.
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Rx physical active state — Rx physical active state

pending frame has been received.

transmission from the slave node to the backbone bus).
Rx physical active state — Interleaved functional request during Rx physical state
— Condition: Functional addressed request from the backbone bus has been received.

— Action: Interrupt the scheduling of a slave response frame schedule and execute a single ma
frame schedule table to transmit the functional addressed request onto the cluster.

Interleaved functional during Rx physical state — Rx physical active state

Condition: The response from the slave node has not been started or has not finished yet or a response

Action: Transmit slave response frame schedule tables and handle the LIN transport protocol (i.e. route

ster request

— Condition: Functional addressed request has been routed onto the cluster.

— Action: Restart executing slave response frame schedules and continue the interrupted.fécept
slave node.

Rx physical active state — Idle state
— Condition: Reception from the slave node has been completed or a transport pretecol error on t

on from the

he backbone

bus has occurred or the timeout P2 max respective P2* max has elapsed (according to the NRC 7816 handling

as defined in ISO 14229-2).
Action: In “diagnostic interleaved mode®, stop executing slave response frame schedules

hnd recover

application schedule table. In “diagnostic only mode”, slave response framescheduling is continued until a new

transmission is started from IDLE mode.
Idle state — Tx functional active state
— Condition: Functional addressed request from the backbofie bus has been received.

— Action: Execute a single master request frame scheduletable to transmit the functional addre
onto the cluster.

Tx functional active state — Idle state

— Condition: Functional addressed request has been routed onto the cluster.
— Action: Stop executing master request frame'schedules.

Idle state — Idle state

Condition: Neither physical transmission from the backbone bus to be routed to a slave n
response to be routed from a slave node-to the backbone bus.

— Action: Diagnostics interleavedmode. Do not execute any master request frame schedule tal
response frame schedule tablest\Diagnostics only mode: execute slave response frame schedule tal

Idle state = Rx physical active)state (for “diagnostics only mode” only)

— Condition: A slave node“s Broadcasting to all LIN clusters of a master node initiated a transmig
of the slave responseframe schedule tables.

— Action: Handle'thé€incoming response from the responding slave node and start routing to the b3

Broadcasting t0.all LIN clusters of a master node or transmitting a new request while waiting fo
shall always_be possible regardless of the currently active connections. Any pending physical
rejected when a new physical transmission is requested.

Figure 27 — Master node transmission handler

sed request

bde nor any

bles or slave
bles.

sion via one

ckbone bus.

" a response
reception is

The master shall only accept a physical reception if the received NAD in the SF or FF matches the
transmitted NAD of the previous physical request.

In case of an error condition during reception, another response with this NAD shall be ignored until
renewed physical request.

Several valid physical responses with the same NAD shall be accepted to support response pending
frames defined in UDSonLIN as specified in ISO 14229-1 and ISO 14229-2.
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9.7.3 Slave node transmission handler

Each slave node shall implement a transmission handler as defined in Figure 28. This is to allow for
diagnostic communication without frame collisions on the cluster. During diagnostics, the broadcast
NAD is normally not used. If this happens, the slave node processes the requests with broadcast
NAD (7F16) in the same way as if it is the slave node’s configured NAD.

The following states are defined.

— Idle:

In this
accept

— Receiv]

In this
The sld

— Transry

In this

state, the slave node is neither receiving nor transmitting any messages in the cluster.
ng incoming request from the master node. It shall not respond to slave responsg Headel

e physical request:

state, the slave node is receiving and processing transport layer frames from the master n

hit physical response:

state, a slave node is currently still processing the previpusly received request, is read

transnpit a physical response or is actually transmitting the response to the previously recej

reques
the ma
curren
proces

— Receiv

In this
node s

t. A slave node shall ignore interleaved functional addressed (NAD 7E16) requests f
ister node. New physical requests shall be received.and make the slave node discard
t request or response. If the new request is addressed to the slave node, the request shal
sed.

e functional request:

state, a slave node is receiving a functional transmission from the master node. The s
hall not respond to any slave response header.

ve node shall ignore any interleaved functional addressed requests ftom the master noded.

[t is
S.

bde.

y to
ved
fom
the
1 be

ave
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Receive functional
request

(7) ) (3

Key

N
Idle
(2) (6)
(1)
. . \ (4)
3 Receive physical Transmit physical 1(5)

request response ¢

(10) U

Idle state — Receive physical request state
— Condition: A master request frame has been received with the NAD matching the slave node’s configured NAD.
— Action: Start processing the physical request according to the transport layer requirements.
Receive physical request state — Idlestate

— Condition: A transport layer errer has occurred or a master request frame with a NAD differ¢nt from the
slave node’s configured NAD has been received or a physical request has been received completdly where no
response is expected.

— Action: Stop processing the physical request. Do not respond to slave response headers.
Receive physical requéstistate — Receive physical request state

— Condition: The physical request has not been completely received yet and a new master requegt frame (CF)
is received withrthe’NAD set to the slave node’s configured NAD. The physical request has not been completely
received yetand“a new physical request is received with the NAD set to the slave node’s confighred NAD. A
functional addressed request shall be ignored.

— Action/Continue/restart the physical request.
Regeive physical request state — Transmit physical response state

-£~ Condition: The physical request has been completely received.

— Action: Process the diagnostic request. If a new physical request with the NAD set to the slave node’s
configured NAD is received while processing the previous request, the slave node shall discard the current
request or response data and shall start receiving the new request.

Transmit physical response state — Transmit physical response state

— Condition: The physical response has not been completely transmitted yet. A functional addressed request
shall be ignored.

— Action: Keep responding to slave response frames according to the transport layer requirements.
Transmit physical response state — Idle state

— Condition: The physical response has been completely transmitted, a LIN transport layer error occurred or
arequest with the NAD set to a different as the slave node’s configured NAD has been received.

— Action: Discard the request and response data. Stop responding to slave response frames.

© IS0 2016 - All rights reserved 47


https://standardsiso.com/api/?name=8f6784dada5f6cc5c6ef12c24d45843f

ISO 17987-2:2016(E)

Idle sta

te — Receive functional request state

— Condition: A master request frame with the NAD parameter set to the functional NAD has been received.

— Action: Receive and process the master request frame according to the transport layer. Do not respond to
the slave response frame headers.

Receive functional request state — Idle state

— Condition: The functional request was processed.

— Action: Discard any response data. Stop responding to slave response frames.

Idle sta

te — Idle state

— Condition: No request is received and no response is pending.

— Act
Transm
Co
diagnos
— Act
transpd

10

9.8 Diag

In LIN net
Slave node]
document
link layer ¢
all of these
additional
from one i

On networ]
usage of tl
slave node
clusters.

To resolve
meaning th

Node

14

OITT DO TIOT TESPOITd T any Stave TeSPOISe (Tames.

it physical response state — Receive physical request state

hdition: The previous response transmission has not been completely processed and a new-phy!
tic master request frame with the slave node’s configured NAD is received.

on: Discard the response data. Start receiving and processing the physical request agcording to the
rt protocol requirements.

Figure 28 — Slave node transmission handler

mostic service prioritization

vorks MasterReq and SlaveResp frames are used for.diagnostic communication where
is addressed using a configured NAD. Beside the session layer UDS diagnostic services,
specifies also node configuration and identification services which are provided on ¢
nd also proprietary services in the NAD rangex8016 — FF16 on session/application layer
three, “service instances” access the same frame resources MasterReq and SlaveResp
LIN is limited to half-duplex communication conflicts are possible where an active ser
tance is interrupted by another instanee request.

k design level, those conflicts should‘be addressed by defining distinctive time lots for
e different service instances, e:g>'ISO 14229-7 UDSonLIN services should not be use
5 are reconfigured. Proprietary services should not be used during normal live cycle of

at a service with a highér priority interrupts a service with a lower priority.

a)

comm

is assig

[SO 14
node ¢

10 LINn

fonfiguration and)identification services have the highest priority. Any other diagno
nication is inferrupted. Please note that using an AssignNAD service a new configured |
ned to a slave node. This

229-7 UDSonLIN diagnostics services have medium priority. Those are operated wher
pnfiguration and identification service is active.

bical

LIN

the
this
lata
. As
and
Vice

the
d if
LIN

Lhese conflicts on the data link layer in master and slave nodes, a priority scheme is provided

stic
[AD

no

communication is active.

ode capability language (NCL)

10.1 General

The intention of a node capability language is to be able to describe the possibilities of a slave node in a

standardiz

ed, machine readable syntax.

The availability of premade off-the-shelf slave nodes is expected to grow in the next years. If they are
all accompanied by a node capability file (NCF), it is possible to generate both the LIN description file
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(LDF), see Clause 12 and initialization code (configuring the cluster, e.g. reconfigure conflicting frame
identifiers) for the master node.

If the setup and configuration of any cluster is fully automatic, a great step towards plug-and-play
development with LIN is taken. In other words, it is just as easy to use distributed nodes in a cluster as
a single CPU node with the physical devices connected directly to the node.

10.2 Plug and play workflow concept

10.2.1 General

The
too

Thd
fun
deb|

The
the
pos
clug

The
cap
the
LIN

Figlire 29).

The

Figiire 29 shows the development of acluster split in three areas; design, debugging a

phy

LIN workflow concept allows for the implementation of a seamless chain of design andds
s and it enhances the speed of development and the reliability of the LIN cluster.

LDF specification allows for safe sub-contracting of nodes without jeopardizirg the I
Ctionality by, e.g. message incompatibility or network overload. It is alse“a powerf
ugging of a LIN cluster, including emulation of non-finished nodes.

velopment

LIN system
ul tool for

Node Capability Language Specification provides a standardized Syntax for specification of off-

shelves slave nodes. This simplifies procurement of standard-slave nodes, as well a
Sibilities for tools that automate node generation. Thus, true Plug-and-Play with slave
ter becomes reality.

s provides
nodes in a

slave nodes are connected to the master node formifig a LIN cluster. The corresponding node

hbility files are parsed by the LIN cluster design toolto generate a LIN description fi
LIN cluster design process. The LDF is parsed by the.-LIN node generator to automatical

e (LDF) in
y generate

related functions in the desired nodes (the Master-node and Slave 3 node in the example shown in

LDF is also used by a LIN bus analyser/emulator tool to allow for cluster debugging.

sical cluster. This specification focuses on the design phase.

hd the LIN
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Figure 29 — Development of a LIN cluster

10.2.2 LIN node generation

The core description file of a LIN cluster is the LIN description file (LDF). Based on this file, it is posdible
to generat¢ communication drivers of alknodes in the cluster, a process named LIN node generation| All
signals, frames and in case of a mastéryhode also schedule tables are declared in this files.

10.2.3 LIN cluster design

The procegs of creating the’ LDF file is named LIN cluster design. When you design a complefely
new clustdr, writing the_¥DF file (by hand or with computer aid) is an efficient way to define|the
communication of your-cluster.

However, when you have existing slave nodes and want to create a cluster of them starting from scratch
is not that fonvenient. This is especially true if the defined cluster contains slave node address conflicts
or frame identifier conflicts.

By receiving a node capability file, NCF, with every existing slave node, the LIN cluster design step is
automatic: Just add the NCF files to your project in the LIN cluster design tool and it produces the LDF file.

If you want to create new slave nodes as well, Figure 29, Slave 3, the process becomes somewhat more
complicated. The steps to perform depend on the LIN cluster design tool being used, which is not part
of the LIN specification. A useful tool allows entering additional information before generating the
LDF file. (It is always possible to write a fictive NCF file for the non-existent slave node and thus, it is
included.)

It is worth noticing that the generated LDF file reflects the configured network; any conflicts originally
between slave nodes or frames shall have been resolved before activating the cluster traffic or by
means of node configuration services ahead of application communication (initialization schedule table
containing schedule table commands to resolve existing conflicts).
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10.2.4 Debugging
Debugging and node emulation is based on the LDF file produced in the LIN cluster design.

Emulation of the master adds the requirement that the cluster shall be configured to be conflict
free. Hence, the emulator tool shall be able to read reconfiguration data produced by the LIN cluster
design tool.

11 Node capability file (NCF)

o =1 1l b I LRI £ 1 1 h]
Th NCF Proviuces d Capdility UCTIIIILIO 10T dU I€4S5T OIIE SIdVe T1I0UC.

11.1 Overview of NCF syntax

D
(\]
]

The syntax is described using a modified BNF (Bachus-Naur Format), as summarizéd in Tabl

Table 20 — BNF syntax used for NCF

Symbol Meaning

= A name on the left of the ::= is expressed using the syntax on its right

<> Used to mark objects specified later

| The vertical bar indicates choice. Either theleft-hand side or the right hand side of the
vertical bar shall appear

bold The textin bold is reserved, either because it is a reserved word, or mandatory punctuation
[ The text between the square brackets shall appear once or multiple times
0) The text between the parenthesis are optional, i.e. shall appear once or zerd times
char_string Any character string enclosed in quotes “like this”
identifier An identifier. Typically used to name objects. Identifiers shall follow the normal C rules

for variable declaration

integer An integer. Integers can be in decimal or hexadecimal (16) format.

re¢al or_ integer |Areal or integer number. A real number is always in decimal and has anfembedded
decimal point.

Within files using this syntax, comments are allowed anywhere. The comment syntax is the same as
that for C++ where anything from // to the end of a line and anything enclosed in /* and */| delimiters
sha|l be ignored.

Thd reserved text'and identifiers are case sensitive.

11.2 Global structure definition

The syntax of a node capability file is defined as follows.

<node capability ifile def>

<language version def>

(NCF file revision def)

(LIN _sig byte order big endian def)
[<node definition>]

11.2.1 Node capability file marker

<node capability file def> ::= node capability file;
node capability file tagis used to declare the file as node capability file (NCF).
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11.2.2 Language version number definition

<language version def> ::=
LIN language version = char string;

LIN language version shall be “IS017987:2015".

11.2.3 NCF revision

NCF file rqevision def ::=

NCF file|revision = <ncf revision>;
<ncf revigion> ::= "int major.int minor.int sub";
This revision number ncf_revision is used to check consistency of slave nodes against a LIN clug

ter.

Updates in/the communication definition (new signal, changed signal mapping, ...) arévrepresented by

an incremg¢nt in the unsigned 8-bit integer value(s) of int major, int minofOr int sub.
data link layer provides this revision version to the network via ReadByldentifierB214 service an
the application. For more details, refer to ISO 17987-3:2016, 6.3.6.6.

11.2.4 Big-endian signal encoding variant

<LIN sig Byte order big endian def> ::=

LIN si¢ byte order big endian;
If this optional tag is defined in the NCF, signals are mapped in‘big-endian order to the frames.
[SO 17987-3:2016, 5.2.2.6 for more information.

11.3 Nodp definition

<node defipition> ::=
node <n¢de name>{
<genefal definition>
<diagpostic definition>
<framg definition>
<encodiing definition>
<statys management>
(<fre¢ text definition>)
}
<node namg¢> ::= identifier
If a node capability file contaifis more than one slave node, the node name shall be unique within|

file. The ddclared slave nodés shall be seen as classes (templates) for physical slave node instances.

The properties of a nodé~definition are defined in the following subclauses.

11.3.1 Gepneral node definition

<general definition> ::=

The
i to

See

the

general L

LIN protocol version = <protocol version>;
supplier = <supplier id>;

function = <function id>;

variant = <variant id>;

bitrate = <bitrate definition>;
sends wake up signal = "yes" | "no";

}
The general definition declares the properties that specify the general compatibility with
cluster and also general node properties.

the
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11.3.1.1 LIN protocol version number definition

<protocol version> ::= char string
This specifies the protocol used by the slave node and shall be in the range of “IS017987:2015”, “2.2”,
“2.1”,“2.0”, “<SAE J2602 protocol version tag>"

NOTE LIN 1.3 is not in the list since NCF definitions start with LIN 2.0.

11.3.1.2 LIN prndnr‘f identification

<supplier id> ::= integer
<fupction id> ::= integer
<vafiant id> = integer

Theg supplier id is assigned to each supplier as a 16 bit number. The fun¢t¥on idlis a 16 bit
number assigned to the product by the supplier to make it unique. Finally, sf&riant id|is an 8 bit
valye specifying the variant, see ISO 17987-3.

11.8.1.3 Bitrate

<bifrate definition> ::=

htomatic (min <bitrate>) (max <bitrate>) |
Flect {<bitrate> [, <bitrate>]} |
bitrate>

Thrjee kinds of bitrate definition are possible:

A 0 QO

— |automatic,

the slave node can adopt to any legal bit rate ised on the bus. If the words min and/or mgx is added,
any bit rate starting from/up to the provided bit rate can be used.

— [select,
the slave node can detect the bittate if one of the listed bit rates are used, otherwise it fails.
— |fixed,

only one bit rate can be used.

Marnufacturers of standardized, off-the-shelf, slave nodes are encouraged to build automatic §lave nodes
singe this gives the most flexibility to the cluster builder.

<bifrate> ::=&eal1 or integer kbps

The bit rates afe-specified in the range of 1 kbit/s to 20 kbit/s.

11.8.1.4\Sends wake up signal

This parameterissetto "ypc" ifthe slaveisable to transmitthe wake up cignnl Otherwise itidsetto “no”.

11.3.2 Diagnostic definition

<diagnostic definition> ::=
diagnostic {

NAD = integer ([, integer]); | (integer to integer);
diagnostic class = integer;

(P2min = real or integer ms;)

(STmin = real or integer ms;)

(N_As timeout = real or integer ms;)

(N _Cr timeout = real or integer ms;)

(support sid { integer ([, integer]) };)

(max message length = integer;)

}
The diagnostic_ definition specifies the properties for transport layer and configuration.
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The NAD property defines the initial node address; the value shall be set according to
ISO 17987-3:2016, 6.3.4.2. Either a list of values or a range can be given. The range is inclusive, i.e. both
values are included in the range. If more than one value is given, the slave shall dynamically select one
of the values within the given NAD set based on a physical property.

The diagnostic class defines the supported class I, II or III.

The default value of P2y, is specified in ISO 14229-2 as parameter P2server-

The default value of STyin, is specified in 9.4.

- The d.,fau}t valu\,o Uf I\;l' AD t‘LlllC\Jut ‘J'.\‘-lr A\ rw) tJl.lllCUut Cllld I\;l' F‘J. t‘LllLC\Jut alcv dbfillb\. in
Table 12. - - -
Above timing parameters are only relevant for diagnostic class Il and class III slave nodes.
The max message length property only applies to the diagnostic transport laygef; it defines|the
maximum |ength of a diagnostic message. Default value is defined in 4095.
The suppgrt sidlists all SID values (node configuration, identification and diagnostic services) that
are suppoifted by the slave node. Default values are mandatory node configuration and identificafion
services B21¢ and B714 according to ISO 17987-3.
11.3.3 Frame definition
<frame_deffnition> ::=
frames
[<single frame>]
}
The frames listed shall be all unconditional frames and event triggered frames processed by the slave
node. Event triggered frames refer to the event triggered frame header, it therefore does not confain
any signalg. The diagnostic frames shall always be supported and therefore are not listed.
<single fframe> ::=
<frame }kind> <frame name> {
<framg¢ properties>
(<sigpal definition>)
}
<frame kipd> ::= publish | subsdribe
<frame name> ::= identifier
Each frame published or sabscribed is declared as defined above. The frame name is the symbolic
name of the¢ frame. The f££ame kindisdetermined from the slave node point of view (e.g. a transmitted

frame shal

11.3.3.1 K

<frame pr

be a publishéd frame).

rame.properties

penties> ::

frame 1

(min period
(max period
(event triggered frame

ugth = JI.utcngJ_ 7

integer ms;)

integer ms;)
identifier;)

The frame lengthisthe length of a LIN frame (1 to 8).

The optional values formin periodandmax period are used to guide the tool in generation of the
schedule table.

The event triggered frame referstoan eventtriggered frame, in case that the described frame is

associated

Several res

54

with it.

trictions apply when a frame is also event triggered, see ISO 17987-3:2016, 5.2.4.3.
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11.3.3.2 Signal definition

<signal definition> ::=
signals {

}

[<signal name> { <signal properties> }]

<signal name> ::= identifier
All frames (except diagnostic frames) carry signals, which are declared in according to the signal
definition.

<si
<
S
o
(
<in
<in
<in

Thd

hnal properties> ::=
init value>

i ze = integer;

Ffset = integer;

encoding name>;)

it value> ::= <init value scalar> | <init value array>

it value scalar> ::= init value = integer

it value _array> ::= init value = {integer ([, integer ])}

init value specifies the value used for the signal from power onsumntil first set by the

application. The init value scalarisused for scalarsignalsand theinit value ar}

for
Thd
sign
sign

pbyte array signals. The init value array is given in big-endian order.

size is the number of bits reserved for the signal and the of fset specifies the pos
al in the frame (LIN default signal encoding: number of bits’in the frame response to the
al, see ISO 17987-3: 2016, Figure 12, LIN big-endian signal encoding variant: number of

frane response to the MSB of the signal, see SO 17987-3:2016, Figure 13).

For
The
sign
bet

Thd

11.
Thd

<en

D

}

a byte array, both size and offset shall be multiples of eight.

only way to describe if a signal with size 8:0r716 is a byte array with one or two elementg
al is by analysing the init value, i.e, the curly parenthesis are very important to
veen arrays and scalar values.

encoding name is areference-teran encoding defined in encoding clausal, see 11.3.4.

B.4 Signal encoding type definition

encoding is intended forproviding representation and scaling properties of signals.

Coding definition> ) :=

hcoding {

[<encoding _rame> {
[<logical/value> |
<physicalt range> |
<bcd\ value> |
<asell value>]

]

publishing
ray is used

tion of the
LSB of the
bits in the

or ascalar
listinguish

<enk

RN e — o oot o fi oo

<logica17;alue> ::= logical value, <signal value> (, <text info>);
<physical range> ::= physical value, <min value>, <max value>, <scale>,

<offset> (, <text info>);

<bcd value> ::= bcd value;
<ascii value> ::= ascii value;
<signal value> ::= integer
<min_value> ::= integer

<max value> ::= integer

<scale> ::= real or integer
<offset> ::= real or integer
<text info> ::= char _string

The

SLgnal value themin value and themax value shall be in range of 0 to 65 535.
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The max value shall be greater than or equal to min value. If the raw value is within the range

defined by the min and max value, the physical value shall be calculated as defined in Formula (1):

physical_value = (scale * raw_value) + offset

11.3.5 Status management

<status_management> ::

status management {

response error = identifier;
(faultp—statecignate = identifiow ([ identifionly iy
} — —
<published signal> ::= identifier
The statps management specifies which published signal the master node shall monitos

determine

The idenf

M

if the slave node is operating as expected.

See the deffinition of the response error signal in ISO 17987-3:2016, 5.5.4 and the fault state sig

in ISO 1427
Legacy LIN

frame is fy
ISO 17987]

11.3.6 Fry

<free texf

9-7:2015, 6.

4.1.

pe text definition

_definition> ::=

free text {

char
}
The free

tring

text definition is used to bring up help text, limitations, etc., in the LIN cluster de

tool, if desifred.

Typical infi

deviat

11.4 NCF

slave 1

prmation provided in the free textdefinition is

ons from the LIN standard.

example

node capalpility file;
LIN langugge version{=-"I5017987:2015";
NCF file r¢vision = Uh:07.04";

node step|motor

general

LIN pyotgcql version =
suppliet.=
bitrate== automatic min 10 kbp
sends wake up signal =

}

{

"I1S017987:2015";

function = 0x0020; wvariant = 1;
20 khps:

0x0005;

mna

to

ifiers above refer each to one unique published signal in the signal definifion, see 12{3.2.

nals

2.0 slave nodes set the response error signal also if the respense of an unconditi¢nal
lly absent. This is in conjunction to later LIN standard revisions [LIN 2.1, LIN 2.2(A)
. This may be considered in the network design.

and

bign

ode purpose and physical warld interaction, e.g. motor speed, power consumption etc., and

"yeS",’

diagnostic {

NAD =

1 to 3;

diagnostic class = 2;
P2 min = 100 ms;

ST min =
support sid { 0xBO,

}

40 ms;

0xB2, 0xB7 };

frames {
publish node status {

length = 4; min period = 10 ms; max period = 100 ms;

signals {
state {init value = 0; size = 8; offset = 0;}
fault state {init value = 0; size = 2; offset = 9; fault enc;}
error bit {init value = 0; size = 1; offset = 8;}

56
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angle {init value = {0x22, 0x11}; size = 16; offset = 16;}
}
}
subscribe control {
length = 1; max period = 100 ms;
signals {
command {init value = 0; size = 8; offset = 0; position;}
}
}
}
encoding {
position {physical value, 0, 199, 1.8, 0, "deg";}
fault enc {logical value, 0, "no result";
logical value, 1, "failed";
logical value, 2, "passed";}
}
sfatus_management { response error = error bit;
fault state signals = fault state; }
free text { "step motor signal values outside 0 - 199 are ignored" }
}
12|LIN description file (LDF)
121 General
The language described in this document is used in order toycreate a LIN description file. The LIN
desfription file describes a complete cluster and also contaifis dll information necessary to rhonitor the
clugter. This information is sufficient to make a limited emiulation of one or multiple nodes iffit/they are
notfavailable.
Theg LIN description file can be one component,used in order to write software for an| electronic
confrol unit which shall be part of the cluster. An application program interface (API) is described in
Reference [2], in order to have a uniform wayto access the cluster from within different ppplication
programs. However, the functional behavigur of the application program is not addressed |by the LIN
desgription file.
The syntax of a LIN description filelis)simple enough to be entered manually, but the develdpment and
use|of computer based tools is encouraged. Node capability files as described in 11 provide jone way to
(almost) automatically generate:LIN description files. The same specification also gives an example of a
pospible workflow in the development of a cluster.
12.2 Overview of LDF syntax
The syntax is described using a modified BNF (Bachus-Naur Format), as summarized in Table 21.
Table 21 — BNF syntax used in LDF
Symbol Definition
= Aname on the left of the =:= ig m(prpccpd using the syntax on its righf
<> Used to mark objects specified later
| The vertical bar indicates choice. Either the left-hand side or the right hand side of the
vertical bar shall appear
bold The textin bold is reserved - either because itis areserved word, or mandatory punctuation
[] The text between the square brackets shall appear once or multiple times
) The text between the parenthesis are optional, i.e. shall appear once or zero times
char_string Any character string enclosed in quotes “like this”
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