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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.
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Introduction

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 UART-based network (Universal
Asynchronous Receiver Transmitter). 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 communication.

The LIN p
condition 3
vehicles by

signal-

bit rat

netwo
status
transp
specifi

electri

netwo

applic3
ISO 17987

specified im ISO/IEC 7498-1 which structures communication systems into seven layers.

The OSI 1
layer (layel
layer (laye

ISO 17987
the protoc
this disting
services, r

deternpinistic schedule table based frame communication;

node description language describing properties 0fslave nodes;

otocol 15 for TOW COST automotive Control appiications, for exampie, door module an
ystems. It serves as a communication infrastructure for low-speed control application
providing the following:

based communication to exchange information between applications in different'nodes;

e support from 1 kbit/s to 20 kbit/s;

'k management that wakes up and puts the LIN cluster into sleepanode in a controlled san

management that provides error handling and error signalling;

ort layer that allows large amount of data to be transmitted (such as diagnostic services];

cation of how to handle diagnostic services;

cal physical layer specifications;

'k description file describing behaviourof communication;
ition programmer’s interface.

(all parts) is based on the Open Systems Interconnection (OSI) Basic Reference Mode

nodel structures data ccommunication into seven layers called (top down) applica
[ 7), presentation Ildyer, session layer, transport layer, network layer, data link layer and phys
" 1). A subset of these layers is used in ISO 17987 (all parts).

(all parts) distinguishes between the services provided by a layer to the layer above it
bl used by the layer to send a message between the peer entities of that layer. The reasorn
tion jste-make the services, especially the application layer services and the transport I3
usablé also for other types of networks than LIN. In this way, the protocol is hidden from|

air
S in

her;

i

| as

fion
ical

and

for
lyer
the

service usq

rland 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.

[SO 17987-1: This part provides an overview of 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.

layer requirements to transport the PDU of a message between LIN nodes.

logical

Vi

level of abstraction. Hardware related properties are hidden in the defined constraints.

IS0 17987-2: This part specifies the requirements related to the transport protocol and the network

ISO 17987-3: This part specifies the requirements for implementations of the LIN protocol on the
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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 API (Application Programmers Interface) 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.

— SO 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.

— |ISO 17987-7: This part specifies tests to check the conformance of the LIN electricahph
implementation (logical level of abstraction) according to ISO 17987-4.

Psical layer

© ISO 2016 - All rights reserved
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INTERNATIONAL STANDARD

ISO 17987-3:2016(E)

Road vehicles — Local Interconnect Network (LIN) —

Part 3:
Protocol specification

1 [Scope

Thif document specifies the LIN protocol including the signal management, frame transfer, schedule
table handling, task behaviour and status management and LIN master and slave node. It coptains also
OSlflayer 5 properties according to ISO 14229-7 UDSonLIN-based node configuration and id¢ntification
seryices (SID: BO16 to B816) belonging to the core protocol specification.

A npde (normally a master node) that is connected to more than one LIN.network is handled by higher
laygrs (i.e. the application) not within the scope of this document.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of this document. For dated,references, only the edition cited dpplies. For
undated references, the latest edition of the referenced,document (including any amendments) applies.
[SO|17987-2:2016, Road vehicles — Local Interconnect Network (LIN) — Part 2: Transport pfrotocol and
network layer services

[SO| 17987-4:2016, Road vehicles — Local(Interconnect Network (LIN) — Part 4: Electridal Physical
Laypr (EPL) specification 12V/24V

[SO|17987-6:2016, Road vehicles — Local Interconnect Network (LIN) — Part 6: Protocol cgnformance
test|specification

3 |Terms, definitions,symbols and abbreviated terms

3.1 Terms and definitions

For[the purposes‘f this document, the terms and definitions given in [ISO 17987-1 and the following apply.
[SO|and [E€wraintain terminological databases for use in standardization at the following addresses:
— |LECElectropedia: available at http://www.electropedia.org/

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

3.1.1

big-endian

method of storage of multi-byte numbers with the most significant bytes at the lowest memory
addresses

3.1.2

broadcast NAD

addressing every slave node on LIN

© ISO 2016 - All rights reserved


http://www.electropedia.org/
http://www.iso.org.obp/
https://standardsiso.com/api/?name=b8d3f022850fe5dff7f03e557b94e44d

ISO 17987-3:2016(E)

3.1.3
bus interface
hardware (transceiver, UART, etc.) of a node that is connected to the physical bus wire in a cluster (3.1.6)

3.14
bus sleep state
state in which a node only expects an internal or external wake up

Note 1 to entry: The nodes switch output level to the recessive state.

[SOURCE: ISO 17987-2:2016, 6.1.2]

3.1.5
classic chécksum
used for digignostic frames (3.1.10) and legacy LIN slave nodes frames of protocol version 1.x

Note 1 to enftry: The classic checksum considers the frame response data bytes only.

3.1.6
cluster
communication system comprising the LIN wire and all connected nodes

3.1.7
cluster depign
process of fesigning the LDF

[SOURCE: SO 17987-2:2016, 11.2.3]

3.1.8
data
response (3.1.27) part of a frame carrying one to eightdata bytes (3.1.9)

3.1.9
data byte
one of the bytes in the data

3.1.10
diagnosti¢ frame
master reqliest frame (3.1.21) and the slave response frame (3.1.29)

3.1.11
diagnosti¢ trouble code
DTC
value making referenee’to a specific fault in a system implemented in the server

3.1.12
enhanced|checksum
checksum medel used for all non-diagnostic frames and legacy 1.x LIN slave nodes

3.1.13
event-triggered frame
allowing multiple slave nodes to provide their response (3.1.27) to the same header

3.1.14
frame
communication entity consisting of a header and response (3.1.27)

3.1.15
frame identifier
value identifier uniquely a frame

2 © IS0 2016 - All rights reserved
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3.1.16
frame slot
time period reserved for the transfer of a specific frame on LIN

Note 1 to entry: This corresponds to one entry in the schedule table.

3.1.17
go-to-sleep command
special master request frame (3.1.21) issued to force slave nodes to bus sleep state (3.1.4)

[SOURCE: ISO 17987-2:2016, 6.1.4]

3.1/18
header

firsf part of a frame consists of a break field, sync byte field and protected identifier; itlis alw

the|LIN master node

3.1{19
LIN|product identification
number containing the supplier and function and variant identification in)a LIN slave node

3.1)20
little-endian

method of storage of multi-byte numbers with the least significant bytes at the lowe

addresses

3.1{21
master request frame
diagnostic frames (3.1.10) issued by the master node\frame identifier (3.1.15)

3.1J22

node capability file
NCF
file format describes a slave node as seén from the LIN network

3.1{23
opdrational state
slaye node may transmit/receive frames in this state

[SOPURCE: ISO 17987-2;2016, 5.1.2]

3.1{24

protected identifier
PID
8-bit value consisting of a unique 6-bit frame identifier (3.1.15) and 2-bit parity

3.1]25
publisher

ays sent by

bt memory

node providing a frame response containing signals (3.1.30)

3.1.26
request

diagnostic frame (3.1.10) transmitted by the master node requesting data from a slave nodes

3.1.27
response
answer sent by a slave node on a diagnostic request (3.1.26)

3.1.28
service
combination of a diagnostic request (3.1.26) and response (3.1.27)

© ISO 2016 - All rights reserved
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3.1.29
slave response frame
frame used for diagnostic communication sent by one of the slave nodes

3.1.30
signal
value or byte array transmitted in the cluster (3.1.6) using a signal carrying frame (3.1.31)

3.1.31

signal carrying frame
unconditional frames (3.1.34), sporadic frames (3.1.32), and event-triggered frames (3.1.13) containing
signals (3.1.30)

3.1.32
sporadic frame
group of unconditional frames (3.1.34) assigned to a schedule slot published by the mastértode

3.1.33
subscriber
master or §lave node that receives the data within a LIN frame

3.1.34
unconditipnal frame
frame carrfying signals (3.1.30) that is always sent in its allocated frameé slot (3.1.16)

3.2 Symbols
&) exclusive disjunction (exclusive or)
EXAMPLE a @ b; exclusive or. True if exacfly one of ‘a’ or ‘b’ is true.
- negption
€ elerment of

EXAMPLE feS; belongstaq. True if ‘f’ is in the set ‘S’.

3.3 Abbreviated terms

API application programmers interface
ASIC applicatiomspecific integrated circuit
DTC diagngstic trouble code

LDF LAN(description file

LIN Locat Interconnect NeTWOrK

LSB least significant bit

MRF master request frame

MSB most significant bit

NAD node address

NCF node capability file

NRC negative response code

4 © IS0 2016 - All rights reserved
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NVRAM non-volatile random access memory
0SI Open Systems Interconnection
PCI protocol control information
PDU protocol data unit

PID protected identifier

ROM read only memory

RSIP response service identifier
SID service identifier

SRH slave response frame

TL transport layer

VRAM volatile RAM

4 |Node concept

4.1] General

The LIN specifications assumes a software impleméfitation of most functions, alternative riealizations
are|promoted.

A njode in a cluster interfaces to the physical bus wire using a frame transceiver. The frames are
not|accessed directly by the application;*a-signal-based interaction layer is added in betjveen. As a
conjplement, a transport layer (TL) interface exists between the application and the frame hndler; see

Figyire 1.

N\

3

Application

'

API
TL

Signal interaction

Protocol

Y

Frame handler

y

Physical

LIN bus

Figure 1 — Node concept

© ISO 2016 - All rights reserved
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4.2 Concept of operation

4.2.1 Master and slave

A cluster consists of one master node and several slave nodes. A master node contains a master task as
well as a slave task. All slave nodes contain a slave task only.

NOTE
handling.

The slave task in the master node and in the slave node is not identical due to differences in PID

A master node may participate in more than one cluster with one dedicated bus interfaces for each

cluster. A spmple cluster with one master node and two slave nodes is shown in Figure 2.
S
0( ,
master node slave node slave nodéb .
/\/
I master task I /\q
N
—_—
| slave task | slave task slave task
LN
LIN bus

The maste
the data tn
handler.

Figure 2 — Master and slaye tasks

 task decides when and which frame shall be;transferred on the bus. The slave tasks proy
ansmitted by each frame. Both, the mastér task and the slave task are parts of the fr

4.2.2 Frames

A frame co

The headel
identifier y
the node aj
the frame i

The respo
associated
transmitte

Figure 3 sh

hsists of a header (provided by the master task) and a response (provided by a slave task

consists of a break field and sync byte field followed by a protected identifier. The prote
niquely defines the purpose of the frame and node providing the response. The slave tas
signed as responsé-transmitter provides the response. In case of diagnostic frames, not
dentifier but als6-the NAD assigns the transmitting node.

hse consists Of a data field and a checksum field. The slave tasks interested in the ¢
with the frame identifier receives the response, verifies the checksum and uses the (¢
d.

ows the LIN frame header and response fields.

ride
hme

ted
k of
nly

lata
lata

Master task

Slave task 1

Slave task 2

Header

Response

Figure 3 — LIN frame header and response fields
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This results in the following desired features.

4.2

System flexibility: Nodes can be added to the LIN cluster without requiring hardware or software

changes in other slave nodes.

Message routing: The content of a message is defined by the frame identifier (similar to CAN).

Multicast: Any number of nodes can simultaneously receive and act upon a single frame.

.3 Data transport

Thd

5

5.1

5.1

A signal is transmitted in the data field of aframe.

5.1

A signal is either a scalar valueswr'a byte array.

A sqalar signal is between 1 bit and 16 bit long. Scalar signals are treated as unsigned integ
scalar signal is called a Boolean signal.

A byte array is an afray of one up to eight bytes.

Each signal shallshave one publisher, i.e. it shall be always sent by the same node in the cluste

or

All signalg'shall have initial values. The initial value for a published signal should be valid un

followIng two types of data may be transmitted In a frame.
Signals:

Signals are scalar values or byte arrays that are packed into the data field of @ frame.
always present at the same position of the data field for all frames with thecsame frame

Diagnostic messages:

Diagnostic messages are transmitted in frames with two réserved frame ident
interpretation of the data field depends on the data field dtself as well as the st
communicating nodes.

Protocol requirements
Signal

1 Management

2 Types

ultiple Hodes may subscribe to the signal.

A signal is
dentifier.

ifiers. The
ate of the

ers. A 1-bit

. Zero, one

il the node

wrikeS-a‘new value to this signal. The initial value for a subscribed signal should be valid 11nt11 a new

upUdLUu leuc lb I €LUIV€U ll UIIl dllULllUl uuuc

5.1.

3 Consistency

Scalar signal writing or reading shall be atomic operations, i.e. it shall not be possible for an application
to receive a signal value that is partly updated. This shall also apply to byte arrays. However, no
consistency is guaranteed between any signals.

5.1

.4 Packing

There is no restriction on packing scalar signals over byte boundaries. Each byte in a byte array shall
map to a single frame byte starting with the lowest numbered data byte, see 5.2.2.6.

© ISO 2016 - All rights reserved
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Several signals may be packed into one frame as long as they do not overlap each other.

NOTE

aligned and/or if they do not cross byte boundaries.

Signal packing/unpacking is implemented more efficient in software-based nodes if signals are byte

The same signal may be packed into multiple frames as long as the publisher of the signal is the same.
If a node is receiving one signal packed into multiple frames, the latest received signal value is valid.
Handling the same signal packed into frames on different LIN clusters is out of the scope.

5.1.5 Reception and transmission

The point fin time when a signal is transmitted/received needs to be defined to help design-t

and testinlg

predictabl

tools to analyse timing of signals. This means that all implementations behawve
P way.

The definitfions below do not contain factors such as bit rate tolerance, jitter, buffer copy-£xecution t

etc. These
definitions|

The timing

factors needs be taken into account to get a more detailed analysis. The.intention for
below is to have a basis for such analysis.

is different for a master node and a slave node. The reason is thatthe'master node cont

the schedufle and is aware of the due frame. A slave node gets this informatien-first when the headg¢

received.
The time b
Asignal is

Mastel
its rec

receivyg

ase and time base tick is defined in 5.3.
ronsidered received and available to the application as;shown in Figure 4.

node, at the next time base tick after the maximum frame length. The master node upd
bived signals periodically at the time base start, ive. at task level.

Slave fode, when the checksum for the receivedframe is validated. The slave node updates

bd signals directly after the frame is finished, i.e. at interrupt level.
hme on
S
received frame 2
header response ®\

. I I >
| time base | time base time
> >~ >

se tick

de« signal is available to the application

bols
na

me,
the

Iols
T IS

htes

its

fr
by
Key
1 time ba
2 slaven
3 master

nede - time the signal is available to the application

Figure 4 — Timing of signal reception

A signal is considered transmitted (latest point in time when the application may write to the signal).

Master node - before the frame transmission is initiated.

Slave node - when the ID for the frame is received.

Figure 5 shows the timing of signal transmission.
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frame on
bus

transmitted frame

header response

>|<

1

time base time base

|

time

5.2

5.2
The

5.2

5.2

Thd
in H
spa

The
pro
the

Thd
the
PID

time base tick
master - latest point the application can update the signal
slave - latest point the application can update the signal

Figure 5 — Timing of signal transmission

Frame

1 Transfer

entities that are transferred on the LIN network are framies.

2 Structure

2.1 Definition of fields

frame consists of a number of fields, one-break field followed by four to eleven byte fields

Ce and the inter-byte spaces.

header starts at the fallingtedge of the break field and ends after the end of the sto
tected identifier (PID) field:\Fhe response starts at the end of the stop bit of the PID field
after the stop bit of the checksum field.

field and thefirst data field in the data. Both of them shall be non-negative.

frame

igure 6. The time it takes to send a frame is the sum of the time to send each byte plus th

inter-byte space isLdefined to be the time between the end of the stop bit of the precedir
start bit of the fallowing byte. The response space is defined to be the inter-byte space b

labelled as
e response

P bit of the
ind ends at

1g field and
btween the

\

A

header response

Y

Y
A

space

Y

resp

L] N/

[ ]

©IS

protected
identifier field

break field syncbyte field datal data2

/

\

data N
»
>

»
o

-

A

\A

»
<
< ¢

inter-byte space inter-byte spaces

Figure 6 — Structure of a frame
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5.2.2.2 Byte field

Each byte field, except the break field, is transmitted as the byte field as specified in Figure 7. The LSB of
the data is sent first and the MSB last. The start bit shall be encoded as a bit with value zero (dominant)
and the stop bit shall be encoded as a bit with value one (recessive).

<t

byte field

start / LSB V V V MSB / stop

\

bit I (bit 0) A I\ I\ (bit7)/ bit

5.2.2.3 K

The break
with Figur
atleast 13
break deli

Figure 7 — Structure of a byte field

reak field

field is used to signal the beginning of a new frame. It is the only field that does not co
P 7. A break field is always generated by the master task (in the-master node) and it sh
hominal bit times of dominant value, followed by a break delimiter, as shown in Figure 8.
hiter shall be at least one nominal bit time long. It shouldBe'sent with 2 bit length in orde

avoid misimterpretation at receiving slave nodes.

NOTE 1

UART can only handle complete bits, so it can occur on the physical layer that the break delimiter is shorter than one bit

A slave nodle shall use a break detection threshold of 11'dominant local slave bit times. However, s

nodes with
pin. A slav
node shall

5.2.2.4 §

A slave tas

out specific break field detection capabiliti€§’use a detection threshold of 9,5 TgiT on th¢
e node shall not check that the break deliniiter is at least one nominal bit time long. A s
be capable of detecting a break delimiter of at least 9/16 of a bit in length on the Rx line.

\ ’ break delimiter

break

Figure 8 — Break field

ync byte field

k shall always be able to detect the break/sync byte field sequence, even if it expects a I

field (assuming the‘byte fields are separated from each other). When a break/sync byte field seque

occurs, the

transferin progress shall be aborted and processing of the new frame shall commence.

;:lee

ply
The
rto

time.

ave
Rx
ave

yte
nce

Sync byte fiéld is a byte field with the data value 5516, as shown in Figure 9.

10

start

stop
bit i

bit

Figure 9 — Sync byte field
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5.2.2.5 PID field

5.2.2.5.1 General

A protected identifier field consists of two sub-fields:
— the frame identifier;

— the parity.

Bit 0 to bit 5 are the frame identifier and bit 6 and bit 7 are the parity.

5.2)2.5.2 Frame identifier

Six pits (IDO to ID5) are reserved for the frame identifier and values in the range of'91¢ to 6319 shall be
usefl. The frame identifiers are split into three categories:

— |Values 01¢ to 5919 are used for signal carrying frames;
— |Values 6019 (3C16) and 6119 (3D16) are used to carry diagnostic andinode configuration data;

— [|Values 6219 (3E16) and 6319 (3F16) are reserved for future protgcol enhancements.

5.2/2.5.3 Parity

Theparity (PO and P1) is calculated on the frame identifierbits as shown in Formula (1) and Fprmula (2):

PO =1D0 & ID1 @ ID2 & ID4 1)

P1=-(ID1 @ ID3 @ ID4 @ ID5) (2)

5.2{2.5.4 Mapping

Thg mapping of the bits (IDO to LD5.and PO and P1) is shown in Figure 10.

\ start stop
bit / IDO X ID1 X ID2 X ID3 X ID4 X ID5 X PO X P1 / bit

Figure 10,-'Mapping of frame identifier and parity to the protected identifier field

5.2]2.6 _DPata

A fifamme carries between one and eight bytes of data. The number of data contained in a frame with a
speciTic frame 1dentitier shall be agreed by the publisher and all SUDSCIIDETS. A data byte 1s transmitted
as part of a byte field, see Figure 7.

The data fields are labelled Data 1, Data 2, ... up to maximum Data 8, see Figure 11.

VNN NN NN N

Data1l Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Data 8

Figure 11 — Numbering of the data bytes in a frame with eight data bytes

How signals are mapped into frames is a decision that shall affect at least the whole LIN cluster.

© IS0 2016 - All rights reserved 11
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Beside the default signal mapping used in LIN clusters since its founding, an optional signal mapping
variant is specified that allows to keep the big-endian signal encoding when routing frames from a back
bone bus to a LIN cluster.

The two possible encodings are described in the following subclauses.

5.2.2.6.1

LIN default signal mapping to data bytes

For signals longer than one byte, the LSB signal entity is contained in the byte sent first and the MSB
signal entity in the byte sent last (little-endian).

Figure 12 provides an example of the LIN default signal mapping into frame response data bytes with
four signal.
LIN Frame Response
LIN default signal mapping

Data bytg 1 2 3 4

Bit index 0 710 710 7 0 7
@l Signal offset in frame | 1 7 21 27

L A A A
Signal mdpping (') SigA 4 , Q (I) Sig C 4 :
: O =

Transmigsion ord . - i
@ LS8 fiat ] e.r 0 SigA 4 3 \§\ 0 SigC 4
Key
1  seeparpmeter signal offset inISO 17987-2:2016, 12:3.3.2
2 transmjssion order is starting from least significant bititt-least significant data byte

Figure 12 — LIN default signal mapping into frame response data bytes

The LSB of|each signal is referenced in the LDF and NCF frame definition as offset of the signal positfion.
Key 1 values (Sig_A: 1, Sig_B: 7, Sig-C:21 and Sig_D: 27) mark the offset for the four signals in|the
example.
5.2.2.6.2 | Optional big-endian LIN signal mapping to data bytes variant
For signalqg longer than,dne byte, the MSB signal entity is contained in the byte sent first and the [L.SB
signal entity in the byte‘sent last (big-endian).
Data byte fransmission order, as well as the bit transmission order on LIN, is not changed due to pig-
endian sigmal en¢oding.
Figure 13 provides-an-example-oftheIN-big-endian-signal-mappinginteoframeresponse-databytes
with four signals.
12 © IS0 2016 - All rights reserved
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LIN Frame Response
Big-endian signal mapping (nonLIN default)

Data byte 0 1 2 3

Bit index 7 of7 0|7 of7 0
@l Signal offset in frame | 6 0 18 28

£ 4 s +
Signal mapping 4 SigA O 4 SigC 0
2 :S“Bg:t ‘d'. 0 SigA 4 Z C 4 ig D, 0 C 1
Key]
1 [see parameter signal offset inlISO 17987-2:2016, 12.3.3.2
2 |transmission order is starting from least significant bit in least significant data byte
Figure 13 — LIN big-endian signal mapping into frame response data bytes

Theg most significant bit of each signal is referenced in the LDF and NCF frame definition as offset of
thelsignal position. Key 1 values (Sig_A: 6, Sig_B: 0, Sig_C: 18 and.Sig_D: 28) mark the offset for the four
signals in the example.
LIN| node configuration commands AssignNAD, ReadByldentifier and AssignFrameldentiffer use the
16-pit product identifier signals supplier idand funetion idin the request. Asthosecommands
have a LIN specific fixed format they are not affected by this big-endian signal encoding variant
defjnition.
5.2{2.7 Checksum
The last field of a frame is the checkstim. The checksum contains the inverted eight bif sum with
carry over all data bytes (classic chiecksum) or all data bytes and the protected identifier|(enhanced
chefksum).
Eight bit sum with carry is equivalent to the sum of all values and subtract 25519 every timg the sum is
greater or equal to 2561¢. See/A.3 for examples how to calculate the checksum.
Checksum calculation over the data bytes and the protected identifier byte is called enhanced checksum
and)it is used for noh<diagnostic communication.
The checksumds¢ransmitted in a byte field, see Figure 7.
Use| of classic’or enhanced checksum is managed by the master node and it is determined per frame
identifier
Frameddentifiers 6044 (Q(‘lu) to 6145 (inu) shall :\]umyc useclassicchecksum
5.2.3 Frame length

The nominal value for transmission of a frame exactly matches the number of bits sent (no response
space and no inter-byte spaces). The nominal break field is 14 nominal bits long (break is 13 nominal

bits

©IS

and break delimiter is 1 nominal bit).

02016 - All rights reserved
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Formula (3) defines THEADER_MIN.

THEADER_MIN = 34 TgIT (3)

where

TgrT nominal time required to transmit a bit.

Formula (4) defimesthe TRbbP()th_MlN.

TrESPONSE_MIN = 10 * (Npata + 1) * T (4)

Formula (§) defines TFRAME_MIN.

TrrRAME_MIN = THEADER MIN + TRESPONSE_MIN (5)

The break field is 14 nominal bits or longer, see 5.2.2.3. This means that THEApER) MaX pPuts arequirengent
on the mayimum length of the break field.

The maxihum space between the bytes is additional 40 % duration compared to the nomjnal
transmissipn time. The additional duration is split between the hedder (the master task) and the frame
response (4 slave task).

Formula (6) defines THEADER MAX:

THEADHR MAX = 1,4 * THEADER MIN = 47,6 TgiT (6)

Formula (7) defines TRESPONSE_MAX:

TRESPONSE_MAX = 1,4 * TRESPONSE_MIN (7)

Formula (§) defines TFRAME MAX:

TrraME_MAX = THEADER_MAX + TRESPONSE_MAX (8)

The maximum length of the header, response and frame is based on the nominal time for a frame
(based on fthe Fnom as defined in ISO 17987-4:2016, 5.1). Therefore, the bit tolerances are includef in
the maximpm length.

EXAMPLE A mastér node thatis 0,5 % slower than Fnom is within 1,4 * THEADER MIN..

All subscrilbing nodes shall be able to receive a frame that has a zero overhead, i.e. which is TFrRAME_
MIN long.

Tools and tests shall check the Trrame max. Nodes shall not check this time. Reception of a frame
response after TFRAME_MAX is not guaranteed. A receiving node can reject the frame.

5.2.4 Frame types

5.2.4.1 General

The frame type refers to the preconditions that shall be valid to transmit the frame. Some of the frame
types are only used for specific purposes, which are also defined in the following subclauses. Not all
frame types specified need to be used in a network.

All bits not used/defined in a frame shall be recessive (ones).

14 © IS0 2016 - All rights reserved
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5.2.4.2 Unconditional frame
Unconditional frames carry signals and their frame identifiers are in the range 019 to 5919 (3B16).

The header of an unconditional frame is always transmitted when a frame slot allocated to the
unconditional frame is processed (by the master task). The publisher of the unconditional frame (the
slave task) shall always provide the response to the header. All subscribers of the unconditional frame
shall receive the frame and make it available to the application (assuming no errors were detected).

Figure 14 shows a sequence of three unconditional frames. A transfer is always initiated by the master.
It has a single publisher and one or multiple subscribers.

Slave 1 Master Slave 2
——————— = ID=3016 \
N

@ g — — — — —— - ID=3116 ——<<—————>

¢ QQ P

N

———— — — — - D=321 = == == ———— >
@ RN

< I

xO

Key
master requests a frame from slave 1
master sends a frame to botlrslaves
slave 2 sends a frame to slave 1

Figure 14 — Three unconditional frame transfers

5.24.3 Event-triggered frame

5.214.311°% General

The purpose of an event-triggered frame is to lower the reaction time of the LIN cluster without assigning
too much of the bus bandwidth to the polling of multiple slave nodes with seldom occurring events.

All subscribers of the event-triggered frame shall receive the frame and use its data (if the checksum is
validated) as if the associated unconditional frame was received.

If the unconditional frame associated with an event-triggered frame is scheduled as an unconditional
frame, the response shall always be transmitted (i.e. behave as a scheduled unconditional frame).

© IS0 2016 - All rights reserved 15
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5.2.4.3.2

Unconditional frames associated with the event-triggered frame

Event-triggered frames carry the response of one or more unconditional frames. The unconditional
frames associated with an event-triggered frame shall

have equal length,

use the same checksum type classic checksum or enhanced checksum,

scheduled as an unconditional frame in the same or another schedule table),

reserve the first data field to its protected identifier (even if the associated unconditional frame is

be pub

not be

5.2.4.3.3
The heade

lished by different slave nodes, and

included directly in the same schedule table as the event-triggered frame is scheduled.

Transmission of the event-triggered frame

r of an event-triggered frame is transmitted when a frame slot allocated to the ev]

triggered frame is processed. The publisher of an associated unconditional frame shall only trang

the respon
successfull

If none of {
ignored.

If more thg

5.2.4.3.4

The maste
frame has §

resolving s

At least all
The collisi
These othdg

After the ¢
back to the
entry wher

Ke if at least one of the signals carried in its unconditional frame is updated. If the respon:
y transmitted, the signal is no longer considered to be updated,

he slave nodes respond to the header, the rest of the frame'slot is silent and the headé
n one slave node responds to the header in the saméframe slot, a collision occurs.

Collision resolving

" node shall resolve the collision in a collision resolving schedule table. Each event-triggg

ent-
mit
eis

ris

red

in associated collision resolving schedulétable. The switch to the collision resolving schedule
is made aytomatically by the driver in the master node (i.e. not by the application). The colli

chedule shall be activated at the start of the subsequent frame slot after the collision.

the associated unconditional frames shall be listed in this collisionresolving schedule t3
bn resolving schedule may~contain other unconditional frames than the associated frar
r unconditional framesmay be of different length.

pllision schedule table’has been processed once, the driver in the master node shall swi

bion

ble.
hes.

itch

previous scheduletable. It shall continue with the schedule entry subsequent to the schedlule

e the collisionQccurred (or first schedule entry in case the collision occurred in the last ent

If one of the colliding(Slave nodes withdraws without corrupting the transfer, the master node d

not detect

this. A’slave node that has withdrawn its response shall therefore retry transmitting

response i the iext occurrence of the appropriate PID until successful; otherwise, the response is |

In case th

ry).
oes

its
ost.

master node application switches the schedule table before the collision is resolved

the

collision resolving is lost. The new schedule table is activated as described in 5.3.4.

NOTE

EXAMPLE 1

16

The colliding slave nodes still have their responses pending for transmission.

A schedule table contains only one event-triggered frame (ID = 101¢). The event-triggered frame is
associated with two unconditional frames from slave 1 (ID = 111¢) and slave 2 (ID = 121¢). The collision resolving
schedule table contains the two unconditional frames. See Figure 15 for the behaviour on the bus.
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https://standardsiso.com/api/?name=b8d3f022850fe5dff7f03e557b94e44d

ISO 17987-3:2016(E)

Slave 1 Master Slave 2

Q @@@ @QNP@
:
|
|
|
|
|
|
%

request for event-triggered frame cause-acollision, because both, slave 1 and slave 2 responded
automatic switch to collision resolving schedule table

frame from slave 2 is requested

frame from slave 1 is requested

automatic switch back to normal schedule table

none of the slave nodes-has a new response to send

N O U W

one of the slave ngdés has a new response
Figure 15 — Event-triggered frame example

EXAMPLE®Z" A typical use case for the event-triggered frame is to monitor the door knobs in a four floor central
locKiig-system. By using an event-triggered frame to poll all four doors, the system shows good response times,
whi iz . i f , the system
does not lose any of the pushes, but it takes additional time.

5.2.4.4 Sporadic frame

The purpose of sporadic frames is to blend some dynamic behaviour into the deterministic and real-
time focused schedule table without losing the determinism in the rest of the schedule table.

A sporadic frame is a group of unconditional frames that share the same frame slot. When the sporadic
frame slot is due for transmission, the unconditional frames are checked if they have any updated
signals. If no signals are updated, no frame shall be transmitted and the frame slot is empty. If one
signal (or more signals packed in the same frame) has been updated, the corresponding frame shall
be transmitted. If more than one signal (packed in different frames) has been updated, the highest
prioritized (see below) frame shall be transmitted. The candidate frames not transmitted shall not be

© IS0 2016 - All rights reserved 17
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lost. They are candidates to be transmitted every time the sporadic frame is due, as long as they have
not been transmitted.

If the unconditional frame was successfully transmitted, the unconditional frame shall no longer be
pending for transmission until a signal is updated in the unconditional frame again.

Normally, multiple sporadic frames are associated with the same frame slot, the most prioritized of the
pending unconditional frames shall be transmitted in the frame slot. If none of the unconditional frames
is pending for transmission, the frame slot shall be silent. How the sporadic frames are prioritized is
described in the LDF sporadic frame definition, see ISO 17987-2:2016, 12.3.3.3.

The mastefnode is the only publisher of the unconditional Irames 1n a sporadic Irame.

EXAMPLE A sporadic frame is the only frame in the active schedule table. The sporadic frame hasianunhber
of associatdd unconditional frames, where one has ID 2216. Normally, sporadic frame slots are empty. In| the
second slot [see Figure 16), at least one signal of the associated frame with ID 2214 is updated.

Master Slave

®
@_ —
® =

Key
1 master|has nothing to send

2 somethling happens that updates a sighal‘in frame 2214

3 associafed frame 221¢ has an updated’signal and is sent by the master

Figure 16 — Sporadic frame example

An uncondfitional framé& associated with a sporadic frame may not be allocated in the same schegule
table as th¢ sporadic frame.

5.2.4.5 iagnostic frames

Diagnostic frames always carry transport layer data and they shall always contain eight data bytes. The
frame identifier shall be either 3C16 and called master request frame, or 3D14 and called slave response
frame. The interpretation of the transport layer data bytes is described in ISO 17987-2:2016, Clause 8.

Before transmitting a master request frame, the master task queries its diagnostic module if it shall be
transmitted or if the bus shall be silent for this schedule slot. A slave response frame header shall be
sent unconditionally.

The slave task in a master node sends the response of a master request frame after the master request
header has been transmitted.

The slave task in a slave node always receives a master request frame.

18 © IS0 2016 - All rights reserved
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The slave task in a slave node sends the response of a slave response frame depending on the request
received before and the state of the diagnostic module.

5.2.

4.6 Reserved frames

Reserved frames shall not be used in a LIN cluster. Their frame identifiers are 3E14 and 3Fq¢.

5.3

5.3

Schedule tables

1 General

Ak
assi
of s

Det
the
of o

Thi
of t
imp
5.3
The
int
the

Thd
bas

Thd
the

Thd

frame space shall be non-négative, see Figure 17.

5.3

For]
tab
is

fra

by property of the LIN protocol is the use of schedule tables. Schedule tables makéit
ire that the bus is never overloaded. They are also the key component to guarantee-the
gnals.

master task. It is the responsibility of the master node to assure that all frames relevan
peration are given enough time to be transferred.

5 subclause identifies all requirements that a schedule table shall-adhere. The rationa
he requirements is to provide a conflict-free standard or to~provide for a simple ar
lementation of the LIN protocol.

2 Time definitions

minimum time unit thatis used in a LIN cluster is thetime base (Tgasg)- The time base is in
he master node and is used to control the timing*of the schedule table. This means that the
frames in a schedule table is based upon the tiine base. Usually, a time base is 5 ms or 10 n

starting point of the time base is defined as the time base tick. A frame slot always star
b tick.

jitter specifies the differences petween the maximum and minimum delay from time |
header sending start point (falling edge of break field), see Figure 17.

inter-frame space is the(time from the end of the frame until start of the next frame

3 Frame slot

mula (9) is the time that is controlling the schedule table timing. It is the time from when|

e entry is'due (a frame transmission is initiated) until the subsequent schedule entr
fined_as\an integer multiple of the time base. The integer multiple is normally differe
e slat

possible to
periodicity

erministic behaviour is made possible by the fact that all transfers in a LINtluster are initiated by

Fin a mode

e for most
d efficient

plemented
timing for
1S.

[s at a time

ase tick to

The inter-

a schedule
y is due. It
nt for each

TERAME spoT=Tgasg* n

)

TrrRAME_sLoT [see Formula (9)] shall have a duration as defined in Formula (10) which is long enough to
allow for the jitter introduced by the master task and the TFramg_max defined in Formula (10).

TrrRAME_sLoT > jitter + TFRAME_MAX
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<

Trrame sLor

jitter

Inter-frame space

Q

Trrame max

\

NS ST TN

Protected
identifier
field

Break

field Data 2

Sync byte field Data1 Data N Checksum

Figure 17 — Frame slot

5.3.4 Scl
The active
the end of t

The actual
switch req

5.4 TasK

5.4.1 Ge

This subclz
task/slave

5.4.2 M4
The maste

task state

nedule table handling

schedule table shall be processed until another requested schedule table is selected. W
he current schedule is reached, the schedule is started again at the beginning-of the sched
switch to the new schedule is made at start of a frame slot. This means thata schedule t
iest shall not interrupt any on-going transmission on the bus.

t behaviour model

neral

use defines a behaviour model for a LIN node. The behaviour model is based on the ma
task concept.

ster task state machine

hen
ule.
hble

ster

-

I task is responsible for generating correet headers, i.e. deciding which frame shall be gent
and for maﬁltaining the correct timing between frames, all according to the schedule table. The mapter
achine is shown in Figure 18.
Idle
Scheduled frame is due
for transmission
A 4
Break \ [ Sync byte \ [ PID \
+ Do Action / Send Break > DDACETN/ S el g + Do Action / Send PID
Figure 18 — Complete state machine for the master task
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5.4.3 Slave task state machine

5.4.

3.1 General

The slave task is responsible for transmitting the frame response when it is the publisher and for
receiving the frame response when it is a subscriber. The slave task is modelled with two state machines:

break/sync byte field sequence detector;

frame processor.

5.4

A sl
sha
req
5.1.
byt
for

identifier field.

5.4

The
a bi
in t
bre

3.2 Break/sync byte field sequence detector

ave task shall be synchronized at the beginning of the protected identifier field jof a fi
1 be able to receive the protected identifier field correctly. It shall stay synchionized
1ired bit-rate tolerance throughout the remainder of the frame, as specified\in ISO 179
For this purpose, every frame starts with a sequence starting with break’field followe
e field. This sequence is unique in the whole LIN communication and provides enough i
any slave task to detect the beginning of a new frame and to be synchronized at the

3.3 Frame processor

frame processing consists of two states: Idle and Active:Active contains five sub-states.

hk /sync byte field sequence. The frame processor. state machine is shown in Figure 19.

eak/sync byte field sequence is received (from any; state or sub-state), the Active state
he PID sub-state. This implies that processing of ene frame is aborted by the detection of a new

ame, i.e. it
within the
87-4:2016,
l by a sync
hformation
tart of the

As soon as
is entered
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4 Idle ‘

»| + Do Action / Receive break/sync byte field
Success/Set \ A Aj Break/sync byte field Break/sync byte
Successful_transfer sequence received [last field sequence
frame response too short]/ received[No
Break/sync byte Set response_error signal response]
Er.ror/Set field sequence .
Error_in_response received Quit
4 Active O
+ Do Action / Receive
break/sync byte field
Unknown PID or )
f . Quit
y Traming error
( PID =@
+ Do Action / receive PID
J—PID belongs to Tx franies
PID belongs to Rx frames
( Rx data ) ( Tx data )
+ Do Action / Receive data byte + Do Action / Transmit data byte
All data bytes received Framing All data bytes transmitted
error
Readback
notcorrect
r Rx checksum \ ( Tx checksum
+ Do Action,/ Receive checksum + Do Action / Transmit checksum
| Readback
Checlktéum valid  Checksum invalid correct
or framing error/ Readback not
error correct
| A l
Success Error Success Error

Figure 19 — Frame processor state machine

“Error” and “Success” refers to the status management described in 5.5.

The last frame response too short means that the last frame contained at least one field (correct data
byte or even framing error) in the response. This is to distinguish between error in response and no
response.
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A mismatch between read back and sent data shall be detected not later than after completion of the byte
field containing the mismatch. When a mismatch is detected, the transmission shall be aborted latest at
the next byte boundary. A mismatch shall be detected in the data bits and also in the surrounding start

and

5.5

5.5.

stop bit.
Status management

1 General

The purpose of status management is to detect errors during operation. The purpose of detecting

err¢rs is twofold:

In 4
infq

5.5

Cenftral cluster status management is made in the master naede.”The master node moni

rep

Eac

a ligmp home mode, if applicable.

to provide means to easily replace faulty units;
to provide for nodes to enter a limp home mode when problems occur.

ddition to the status management function mandated, a node may proyide further det]
rmation, which is not within the scope of this document.

2 Concept

brts from each node and filters/integrates the reports to conclude if one or more nodes a

h node application may also monitor its interaction with'the LIN network. This may be ug

hiled error

fors status
fre faulty.

ed to enter

5.5{3 Event-triggered frames
Evept-triggered frames, see 5.2.4.3, are defined to allow collisions. Therefore, a bus error, i.e. framing
err¢r, shall not affect the response ero signal (it is neither a successful transfer, nor pn error in

resj
an g

5.5

The
pub

Eac
in @
eve

Thd
resj

ponse). Of course, if an error in the associated unconditional frame occurs, this shall be
rror.

4 Reporting to the cluster

master node may monitor the status on the cluster by checking the behaviour of a spe
lished by all slave nodes.

h slave node shall publish a one bit scalar signal, named response error, to the m
ne of its transmmitted unconditional frames. In case the unconditional frame is associaf]
ht-triggeredframe, the frame should additionally be scheduled as unconditional.

respense error signal shall be set whenever a frame (except for event-triggg
porrses) that is transmitted or received by the slave node contains an error in the frame r

counted as

cific signal

aster node
ed with an

red frame
Esponse.

The response error signal shall be cleared when the unconditional frame containing the
response error signalis successfully transmitted.

The response error signal shall not be set in case there is no response received (this refers to data

and

Bas

©IS

checksum). This frame is not considered to be received by any slave.

ed on this single bit, the master node shall make the conclusions as specified Table 1.
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Table 1 — Interpretation of the response error signal

response_error Interpretation

false the slave node is operating correctly

true the slave node has intermittent problems

The slave node did not answer the slave node, bus or master node has serious problem

It is the responsibility of the master node application to integrate and filter the individual status
reports, as well as to do a synthesis of the reports from different slave nodes.

ormaice-te e (the

The respgrse—error—signatise
protocol enpgine) independent of the

application and the signal interaction layer.

A slave node may provide more status information, if desired, but the single response erner signal
shall always be present.

5.5.5 Reporting within own node

This subclquse applies to software-based nodes; however, ASIC-based state machine implementatjons
are recommended to use the same concepts. See ISO 17987-5 1 ifc read’ status () for further
informatiop of this reporting.

The node provides two status bits for status management within the §wh node; error in respopse
and succgssful transfer. The own node application also recejves the protected identifier of|the
last frame fecognized by the node.

— Erroy in response:

is set whenever a frame received by the node or a fraime transmitted by the node contains an efror
in the fesponse field, i.e. by the same condition as'the response error signal. It shall not bq set
in casq there is no response.

— Succgssful transfer:

shall be set when a frame has been successfully transferred by the node, i.e. a frame has either Heen
received or transmitted.

The reportling within the own node’is described in ISO/TR 17987-5 and can be used to automatidally
generate applications that perform an automatic conformance test of the complete LIN driver module,
including the signal interactionlayer.

6 Node|configuration and identification

6.1 General

The node donfiguration and identification services define how a slave node can be configured and how
certain slave parameters are requested using the identification service.

The node configuration and identification services are transmitted by the transport layer as specified
in ISO 17987-2.

Node configuration is used to set up slave nodes in a cluster. It is a set of services to avoid conflicts
between slave nodes within a cluster built out of off-the-shelf slave nodes. Identification is used to
identify a slave node.

Node configuration is done by having an address space, consisting of a LIN product identification and
an initial NAD per slave node. It is possible to map unique frame identifiers to all frames transmitted in
the cluster using these values.
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LIN product identification

1 Supplier ID, function ID and variant ID

Each slave node shall have a LIN product identification, as specified in Table 2.

Table 2 — LIN product identification

The
one
the
list

Thd
LIN
fun

Thd
fun

6.2

Asl
nun

6.2

in n

Registration authority (http://www.iso.org/iso/maintenance_agencies) to miaintain the

Ction, however, the function ID shall remain unchanged.

Ction. The variant ID is a property of the slave node and notthe LIN cluster.

D1 D2 D3 D4 D5
Supplier ID Supplier ID Function ID Function ID Variant ID
LSB MSB LSB MSB

supplier ID is a 16-bit value, with the most significant bit equal to zero. Most sighjificant bit set to

is reserved for future extended numbering systems. The supplier ID is assigned’to each

The supplier ID shall represent the supplier of the fully operational slave finde.

function ID is a 16-bit value assigned by each supplier. If two products differ in fy
communication or physical world interaction, their function ID shall differ. For absol

supplier by
supplier ID

nction, i.e.
itely equal

variant ID is an 8-bit value. It shall be changed whenever thé¢product is changed but with unaltered

2 Serial number

6.3

6.3.

hve node may have a serial number to identify a“specific instance of a slave node product] The serial
ber is 4 bytes, as specified in Table 3.
Table 8 — Serial number
D1 D2 D3 D4
LSB MSB
3 Wildcards
To lhe able to leave some'information unspecified, the wildcard values specified in Table 4 nmay be used
ode configuration\requests. All slave nodes shall support the wildcards in requests.
Table 4 — Wildcards
Property Wildcard value
NAD 7F16
Supplier ID 7FFF16
Function ID FFFF1¢
Slave node model
1 Memory model
The memory layout of a slave node is shown in Figure 20.
25
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ROM ROM or NVRAM
[T = A
L Scralnumber |
NAD | | PIDs
Supplier ID |Function ID |Variant
1d et conficuration
ld-_seteonfiguration
4
e.g. pin configuration instance VRAM 03(1/
— generation N AL
Initial NAD » NAD | | PIDs |
NN

configuration from master
node, over the bus

Figure 20 — Slave node memoryymodel

Volatile RAM (VRAM) is considered a memory that is invalid after reset. The Non-Volatile R
s memory that is maintained after reset and-€an be modified with internal processes (i.e
applicatior]). Read Only Memory (ROM) is considered-as constant memory that cannot be modified V
internal prpcesses (i.e. application).

(NVRAM)

6.3.2

Three slavé

Sl3gve node configuration variants

node configuration variantsiare defined.

a) Unconfigured slave node - After reset, the slave node does not contain a valid configuraf
Thereflore, the master shallgnfigure the slave node. The configuration is stored in VRAM.

b) Precorjfigured slave node - This slave node has a valid configuration after reset [after 1 i
init
after rpset.

c) Full configuredislave node - The slave node stores the configuration in NVRAM, so it is still ac
after rpset.

All variants—ofthe slave nodes abaove shall understand at least the m::nr‘]:xfnry r‘nnfignr:nfinn services.

) is called]. Th¢ configuration is normally stored in ROM, but reconfigured data are

AM
the
vith

ion.

fCc
lost

tive

When a slave node enters operational state (see ISO 17987-2:2016, 5.1.2), it shall fulfill the following
requirements for node configuration.

It is up to the network designer and the LIN master to guarantee the supplier ID, function ID and

configured NAD is unique. In case this can’t be achieved ahead of communication, node configuration
commands are mandatory to resolve conflicts.

slave response frame) in the slave node are marked as invalid.

26

Understand and be able to process all supported configuration requests.

If the slave node does not contain a configuration, all frames (except the master request frame and
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6.3.3 Initial node address

Each slave node has an initial NAD list, defined in the NCF, see ISO 17987-2:2016, 11.3.2. For slave
nodes that have no instance generation of the initial NAD, the list contains only one entry. The instance
generation shall set the initial NAD based on the initial NAD list. The instance generation of the initial
NAD is not part of this specification.

The configuration, using 1d set configuration () API or assign NAD request, set the NAD to the
configured NAD. If the initial NAD is already equal to the configured NAD, then no action is taken.

Figure 21 shows the relationship between the initial NAD list, the initial NAD and the configured NAD.

Initial NAD list
in the NCF
Instance generation / \

User defined Initial NAD is set to
instantiation of NAD first entry in list
InitialNAD
Conflguratlon The initial NAD is the same as the
configured NAD
1d_set_configuration Obtained configured NAD from Assign NAD

non-volatile memory is set during
initialization

Configured NAD

r

Assign NAD

Figure 21 — NAD instantiation and configuration process

6.3.4 PDU structure

6.3.4.1 General

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

The node configuration and identification services are transmitted as defined in ISO 17987-2 using
the transport protocol and network layer services. Single frame (SF) shall be used for all requests and
responses during the node configuration and identification services.
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6.3.4.2 Node address

NAD is the address of the slave node being addressed in a request, i.e. only slave nodes have an address.
NAD is also used to indicate the source of a response.

Table 5 specifies the NAD values.

Table 5 — NAD values

NAD value N
- Description
decimal hex
0 0016 Reserved for go-to-sleep command, see ISO 17987-2:2016, 6.1.4.
1to 125 || 0116 to 7D1¢ |Slave node addresses (NAD).
Functional node address (functional NAD), only used for diagnostics (ising the
126 7E16
transport layer).
127 7F16 Slave node address broadcast (broadcast NAD).
128 to 259 | 8016 to FFyg ]f)1agnost1c frames with the first byte in the range 801¢ to FF{gare allocated for
ree usage.
There is al one-to-many mapping between a physical slave node and a-logical slave node and |t is
addressed fusing the NAD. This means that one physical slave node may,bé&’ composed of several logical
slave nodes.
Functionalladdressing during configuration should not be used.
6.3.4.3 Hrotocol control information
The Protodol Control Information (PCI) is a transport protocol parameter and specified in ISO 17987-2.

It contains

the transport layer control information.

6.3.4.4 Service identifier
The Servicg Identifier (SID) specifies the request that shall be performed by the slave node addresped.
The LIN prptocol SID numbering range(B01¢ to B814) for node configuration and identification servjices
is consistent with ISO 14229-7 defined)SID ranges, see Table 6.
Table 6 = Node configuration and identification services
SID Service-name Convention Reference
B016 AssignNAB optional See 6.3.6.1
Blie AssighFrameldentifier optional This service is mandatory for LIN master nodes
with backward compatibility to LIN 2.0 slave nodes.
For slave nodes according to LIN 2.1 or later (includ-
ing ISO 17987), this service is obsolete.
B21¢ ReadByldentifier mandatory |See 6.3.6.6
B31¢ ConditionalChangeNAD obsolete None
B41¢ DataDump optional See 6.3.6.3
B516 Reserved for SAE J2602 optional SAE ]2602 targeted reset.

TargetedReset This service was used for auto addressing/slave
node position detection. For legacy auto addressing
nodes B51¢ can be used but the definition of use will
be under B81¢.

B616 SaveConfiguration optional See 6.3.6.4

28
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Table 6 (continued)
SID Service name Convention Reference
B716 AssignFrameldentifierRange | mandatory |See 6.3.6.5
B816 AutoAddressingSlave optional Auto addressing/slave node position detection, see
Annex C.
B91¢ to BF16 |not applicable reserved Reserved for future use

6.3.

4.5 Response service identifier

The

Thd
on {
(fo]

Thd
the
sery

A sl
slayj

6.3
Thd

Ifa
nec

6.3
All

frames. All requests and responses are using single frames only.

Thd

Thd
mas

A sl
NAl

Response Service Identifier (RSID) specifies the content of the response.

RSID for a positive response is always SID + 401¢6. The sending of positive responses is
he definition for each service. By default, the positive response is assumed if all,conditid
example, supplier ID, function ID, PCl.length match).

RSID for a negative response is always 7F16. The sending of negative nesponses is de

Fice shall be listed in the NCF, see ISO 17987-2.

hve shall process the configuration request immediately and be dble to respond in the ne
e response frame (STpip and P2, see ISO 17987-2, are not usé€d for node configuration).

4.6 Data bytes D1 to D5
interpretation of the data bytes (up to five in a node configuration PDU) depends on the §

PDU is not completely filled, the unused bytes shall be recessive, i.e. their value shall be F
bssary since a diagnostic frame is always eight bytes in length.

5 Node configuration handling

requests are carried in masteprequest frames and all responses are carried in slav

slave node shall cancel a pending response after
reception of a valid master request (except when NAD is the functional NAD), and
if a N_Asmax timeout occurs as described in ISO 17987-2.

slave node shall proceed with a previous configuration request after the reception of
ter request/(header error, checksum error, framing error and response time out).

ave node shall remember the response for a request until a new request with a NAD of
D (i.e.'any NAD except a functional NAD) from the master node. If the master node tr

dependent
ns are met

bendent on

definition for each service. By default, no negative response is assumed. The support of a specific

kKt schedule

ID or RSID.
F16. This is

P response

an invalid

broadcast
hnsmits an

unc

nditional frame hetween the request and the response the slave node shallnot fnrgpf th

E response.

A master node may choose not to ask for the response from the slave node, i.e. after transmitting a
broadcast request (7F1¢).

All services shall support the use of the wildcards, as defined in 5.2.3.

6.3.

6.3.

6 Node configuration services

6.1 AssignNAD service

The AssignNAD service is used to resolve conflicting NADs in LIN clusters built using off-the-shelf slave
nodes or reused slave nodes. This request uses the initial NAD (or the NAD wildcard); this is to avoid

©IS
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the risk of losing the address of a slave node. The NAD used for the response shall be the same as in the

request, i.e

. the initial NAD.

Table 7 specifies the AssignNAD request.

Table 7 — AssignNAD request message

NAD PCI SID D1 D2 D3 D4 D5
Initial NAD 0616 BO016 Supplier ID | Supplier ID | Function ID | FunctionID | New NAD
LSB MSB LSB MSB
The servicg shall only be processed by the slave node if the service is supported and the PCl.length,
the supplidr ID, and the function ID match. The slave is not responsible for checking if the new, NAD is
within thefvalid range. A positive response shall only be sent if the requests is processed. Thepositive
response i$ specified in Table 8.
Table 8 — AssignNAD positive response message
NAD PCI RSID Unused bytes
Initial NAID 0116 FO16 FF16 FF1e FF16 FF1e FF16
NOTE The response is using the initial NAD and not the new NAD.
A negative[response shall never be sent by the slave node.
6.3.6.2 AssignFrameldentifier service (LIN 2.0 specification)
Assign fraﬂqe id is used to set a valid protected identifier.toa frame specified by its message ID. Talle 9
specifies the AssignFrameldentifier request.
It is imporjtant to notice that the request providés the protected identifier, i.e. the identifier and its
parity. Furthermore, frames with identifier 601$-(3C16) and up cannot be changed (diagnostic fratpes,
user-defingd frames and reserved frames).
Table 9 — AssignFrameldentifier request message
NAD PCI SID D1 D2 D3 D4 D5
NAD 0616 Bl14 Supplier ID | Supplier ID | Message ID | Message ID | Protected
LSB MSB LSB MSB ID

The servic shall only be'\processed by the slave node if the service is supported and the PCl.length,
the supplidr ID, and_the'message ID match. The slave shall not validate the assigned PID. An opti¢nal
positive regponse shall only be sent if the request is processed.
The positiye résponse frame is specified in Table 10.

Table 10 — AssignFrameldentifier positive response message

NAD PCI RSID Unused bytes
NAD 0116 Fl16 FF1¢6 FF16 FF1¢6 FF16 FF16
A negative response shall never be sent by the slave node.

6.3.6.3 DataDump service

The DataDump service is reserved for initial configuration of a slave node by the slave node supplier and
the format of this message is supplier specific. This service shall only be used by supplier diagnostics
and not in a running cluster, i.e. when LIN node is implemented in a vehicle.

30
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Table 11 specifies the DataDump request.

Table 11 — DataDump request message

NAD PCI SID D1 D2 D3 D4

D5

NAD 0616 B41¢ User defined User defined User defined User defined Us

er defined

The service shall only be processed by the slave node if the service is supported and the PCl.length
matches. Table 12 specifies the positive response message from the slave.

raple 12 — DatabDump positive response nmessage

NAD PCI RSID D1 D2 D3 D4 D5
NAD 0616 F41¢ User defined User defined User defined User defined Uspr defined
A negative response shall never be sent by the slave node.
6.316.4 SaveConfiguration service
Thip service is used to notify slave nodes to store the current configured PIDs and PIDs|located in
RAM to NVRAM. The slave application gathers the current configured NAD and PIDs from the data
linK layer and trigger the NVRAM write routine. The API 1d,-k€ad configuration () described in
[SO[17987-5 may be used for this purpose. A configuration impthe slave node may be valid even without
the|master node using this request, i.e. the slave node doés not need to wait for this requegt to have a
vali[i configuration.
Table 13 defines the SaveConfiguration request message.
Table 13 — SaveConfiguration request message
NAD PCI SID Unused bytes
NAD 0116 B616 FF16 FF16 FF16 FF16 FF16
The service shall only be processed by the slave node if the service is supported and the| PCl.length

maf

ches. A positive response shall only be sent if the request is processed. The slave shall not wait until

thelconfiguration is saved before a positive response is sent, i.e. the request is accepted by the|slave node.
Table 14 specifies the positive response message from the slave.
Table 14 — SaveConfiguration positive response message
NAD PCI RSID Unused bytes
NAD 0116 F616 FF16 FF16 FF16 FF16 FF16

An

pgative response shall never be sent by the slave node.

6.3.

6.5 AssignFrameldentifierRange service

The AssignFrameldentifierRange service is used to set or disable PIDs up to four frames. Table 15
specifies the AssignFrameldentifierRange request message.

It is important to notice that the request message provides the protected identifier, i.e. the frame
identifier and its parity. Furthermore, frames with frame identifiers 6019 (3C16) to 6319 (3F16) shall not
be changed (diagnostic frames and reserved frames).

© ISO 2016 - All rights reserved
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Table 15 — AssignFrameldentifierRange request message

NAD PCI SID D1 D2 D3 D4 D5
NAD 0616 B716 Start index PID (index) PID (index+1) | PID (index+2) | PID (index+3)

The service shall only be processed by the slave node if the PCl.length matches and the start index is
consistent with the amount of PIDs supported in the node. A positive response shall only be sent if the
request is processed.

The positive response message is specified in Table 16.

Table 16 — AssignFrameldentifierRange positive response message

NAD PCI RSID Unused bytes
NAD 0116 F716 FF16 FF16 FF16 | FF16 FF16

The start index specifies which is the first frame to assign a PID. The order of the(ist is specifiefl in
the node aftributes subclause in the NCF and LDF of the slave node, see ISO 17987-2:2016, 12.2.3 and
ISO 1798742:2016, 13.2.4.3. The first frame in the list shall have index 01¢ (zero):

The PIDs ate an array of four PID values that shall be used in the configuration request. Valid PID values
here are tHe PID values for signal carrying frames, the “unassign PID” value 01¢ (zero) and the “do[not
care” valug FF16. The “unassign PID” value is used to invalidate this frame for transmission on the pus.
The “do nof care” is used to keep the previous assigned value of thi§ frame.

In case the[slave cannot fulfill all “set PID” and “unassign PID” réguests, the slave shall reject the reqyiest
message amd shall not sent a response. The “do not care” is always accepted by the receiving slave npde.

”

The slave rjode does not validate the payload PIDs (i.e. validating the parity flags) beyond “do not cjire
pattern FFjg, the slave node relies on that the master:séts the correct PIDs.

It is not ndcessary to unassign an already set PID-in a slave node to be able to set a new PID for|the
same framg.

EXAMPLE 1] A slave node has five frames {pewer_status, [0_1, [0_2, 10_3, I0_4}. The master node application
setup an AspignFrameldentifer request me§sage with the parameters.

— startipdex setto 1,
PID (irjdex 1..4) set to {8045,-€116, 4216, 0016}

When the dlave node receives the request message, it sets the PIDs to {I0_1=801¢, 10_2=C116, [0_3=4{216,
10_4=unassigned}. Thepewer_status frame is not affected. The slave responds with a positive respdnse
if requestef.

EXAMPLE 2  Asslave node has only two frames {status_frame, response_frame}. To assign PIDs to these [two
frames, the master application setups the following request.

— startindexsetto U,
PID (index 0..3) set to {C416, 8516, FF16, FF16}.

Since the slave node has only two frames the last two shall be set to do not care; otherwise, the request
message fails.

A negative response shall never be sent by the slave node.

6.3.6.6 ReadByldentifier service — Identification

It is possible to read the LIN product identification and other properties from a slave node using the
ReadByldentifier request message in Table 17.
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Table 17 — ReadByldentifier request message

NAD PCI SID D1 D2 D3 D4 D5
NAD 0616 B216 Identifier Supplier ID Supplier ID | FunctionID | Function ID
LSB MSB LSB MSB

The service shall only be processed by the slave node if the PCl.length, the supplier ID, and the function
ID match. A positive or negative response shall only be sent if the request is processed.

Table 18 defines the supported identifiers using the ReadByldentifier request message.

Table 18 — Supported identifiers using the ReadByldentifier request messade

Identifier Interpretation Length offresponse
010 LIN product identification RSIO + 5
110 Serial number RSIO + 4
210 Used for bit timing test. Triggers a negative response defined in Table.20. rsid + 2
+
Service is defined in the ISO 17987-6:2016, 8.15.
310 Support of identifier 31¢ (three) is mandatory if the optionabhNCF/LDF
version is defined. If no NCF/LDF definition is available forithe slave
. . ) , RSIO +5
node, a negative response is provided. Legacy slave nodesdon’t support
this identifier and do not provide a positive or negative response.
41o to 1510 |Reserved —+
16|10 to 3119 |Supports ‘Message ID’ parameter of legacy LIN'2:0 nodes a
otherwise reserved.
32li0 to 631¢ |user defined user defined
641o to 25510 |reserved —+
Supjport of identifier 01 (zero) is the only miandatory identifier, i.e. the serial number is opti¢nal.
If the slave successfully processed the.ReadByldentifier request message, it shall respond a¢cording to
Tabje 19. Each row represents one paossible response.
Table 19 — Passible ReadByldentifier positive response message
1L NAD | PCI | RSID D1 D2 D3 D4 D5
Supplier ID  |Supplier ID |Function ID . .
0109/ |[NAD |0616 |F216 LSB MSB LSB Function ID MSB Yariant
110 |[NAD |051%-1F21¢ |Serial0, LSB |Seriall Serial2 Serial3, MSB kF16
Source:
Major Minor 0116: LDF - th(? slave
. . . node was configured Reserved,
Version Version Sub Version - based on a LDF Yalue is re-
- 8-bit - 8-bit 8-bit int_sub Jerved for
mt_major Nt_minor of LDF/NCF _|UZ16: NCF - the slave
310 |NAD 10616 \F216 of LDF/NCF |of LDF/NCF |defini- node was configured future use
L L . and trans-
defini- defini- tion (see based on a NCF . .
. . mitted with
tion (see tion (see IS0 17987-2) 001¢. 03+¢ to FE+r oth value 00
ISO 17987-2) |1SO 17987-2) 16, 9516 10 Tt'16 OLNET 16
values are reserved for
future use.
3210 0216- user
to NAD 0616 F216 |user defined |user defined |user defined |user defined defined
6310 16 efine

If the identifier in D1 is unknown or not supported, then a negative response shall be sent according to

Table 20.
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Table 20 — ReadByldentifier negative response message

NAD PCI RSID D1 (echo of SID) D2 Unused bytes
NAD 0316 7F16 Requested SID NRC=121¢4 FF16 FF16 FF16
(=B216) with sub-functionNotSupported
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Definition of properties, frame identifiers and various examples

A i s . .
Tab[e A.1 defines the numerical properties.
Table A.1 — Defined numerical properties
Property Min Max Unit Reference
Scaflar signal size 1 16 bit |see5.1.2
Bytle array size 1 8 bytec |see 5.1.2
Brdak field length (dominant + delimiter) 14 27,6 Tgir * |see 5.2.2.3
Brdak detect threshold 11 11 TgiT [seeb5.2.2.3
Wake up signal duration 0,25 5 ms see ISO 17987-2:2016/5.1.3
Slaye initialization time — 100 ms |seeISO 17987-2:2016(5.1.3
Sildnce period between wake up signals 150 250 ms |seeISO 17987-2:2016(5.1.3
Sildnce period after three wake up signals 15 defiped_by s see IS0 17987-2:2016]5.1.3
’ application
A.2 Definition of valid frame identifiers
Tabje A.2 defines the valid frame identifiers.
Table A.2 — Valid frame identifiers
D[0..5] PO = P1= PID-Field PID-Field
Dec | Hex |IDO@IDLPID2PID4 |-ID1HID3PID4PID5| P1 | PO | 5|4 |3 |21 | 0 | Dpc | Hex
0 0016 0 1 1 0O |0|0|0|0O|O| O | 128 | 8016
1 0116 1 1 1 1 {0]0|0[O0O|0| 1 | 193 | Clye
2 0216 1 0 0 1 {0|0|0Of|O|1] O 66 | 4216
3 0316 0 0 0 0 |0Oj0|O|Of1| 1 B 0316
4 0416 1 1 1 1 {0]0|0[1|0| O | 196 | C416
5 0516 0 1 1 0 |0O|JO0|JO|1|0O]| 1 3 | 8516
6 0616 0 0 0 0O |O|jO|O|1]1]| O 6 0616
7 0716 1 0 0 1 (0|00 1]|1]| 1 71 4716
8 0816 0 0 0 0 |0O|jO|1]|0|0O]| O 8 0816
9 0916 1 0 0 1 |0j0|1]j0|0]| 1 73 4916
10 | OAie 1 1 1 1 {0]0|1[0|1| O | 202 | CAge
11 | OBie 0 1 1 0 |0O|O0|1|0Of1| 1 | 139 | 8Bss
12 | 0C16 1 0 0 1 {0|0|1|1|0]| O 76 | 4Cy6
a  Frame identifier 6019 (3C1¢) is reserved for the master request frame (see 5.2.4.5).
b Frame identifier 6119 (3D16) is reserved for the slave response frame (see 5.2.4.5).
¢ Frame identifier 6219 (3E16) and 634 (3F1¢) are reserved for a future LIN extended format (see 5.2.4.6).
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