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Target applications

4 STEERING WHEEL k

cruise control, turning light,
opt.: radio control,

telephone, climate control
\ J

ROOF
rain sensor, light sensor,
light control, sun roof

CLIMATE

small motors,
control panel

seat position motors,
occupancy sensor,
control panel

ENGINE
sensors, small motors

 DOOR

mirros, central ECU,
mirror switch, window lift,

LIN — Target applications seat control switch,

door lock

\‘

_/

[http:/Awww.lin-subbus.org/index.php?pid=6&lang=en&sid=87663a00bab92576452t8et0d508c6 11]
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LIN — Local Interconnect Network

,LIN is a cost-competitive serial communication
system designed for localized vehicle electrical
networks.”

[http://www.lin-subbus.org/index.php?pid=3&lang=en&sid=87663a00ba692576452f8ef0d508c61f]
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Néhany autos haldzat 6sszehasonlitasa

25.6M

)
=

Speed [bit/s]
=

125K

20K

D2B, MOST

.| tokenring
byteflight|  optical bus

CAN-C

dual wire

CAN-B

fault tolerant
dual wire

LIN

TTP (in definition) |
time triggered

fault tol, dependable
2x2 wire

master-slave

single wire bus incremental cost per node [$]

no crystal
| | | | >
1 2 4.5 10

[Introduction to Local Interconnect Network (LIN)
Hans-Chr. v. d. Wense, Motorola, March 2000]
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The key features of LIN

= Low cost single-wire implementation

= Enhanced ISO 9141, VBAT-based speed up to 20Kbit/s

= Acceptable speed for many applications (limited for EMI-reasons)
= Single Master / Multiple Slave concept

= No arbitration necessary

= Low cost silicon implementation based on common UART/SCI
interface hardware

= Almost any microcontroller has necessary hardware on chip

= Self synchronization in the slave nodes without crystal or ceramics
resonator

= Significant cost reduction of hardware platform
= Off-the-shelf slaves

= Flexibility because of configuration features

" Guaranteed latency times for signal transmission
" Predictable systems possible

[http://www.lin-subbus.org/index.php?pid=4&lang=en&sid=87663a00ba692576452f8ef0d508c61f]
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A LIN torténete

= 1999 Motorola

= 2000 LIN Consortium .
» Audi é 4
)) BMW LOCAL INTERCONNECT NETWORK

» Daimler Chrysler
» Volkswagen
» Volvo

= 2016 ISO 17987

b . Méréstechnika és
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LIN Consortium — Steering Committee

= Audi AG
= BMW AG
= Daimler AG

= Freescale Halbleiter
Deutschland GmbH

= Mentor Graphics Corporation
= Volkswagen AG
= Volvo Car Corporation

- Meéréstechnika és
© BME-MIT 2023. Informacids Rendszerek 7
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LIN Consortium — Associated Members

= Kb. 80 tag (A-tol Z-ig):
o AB Volvo
o Adam Opel AG
o Advanced Data Controls, Corp.
O ...
O ...
O ...
o Yazaki Europe Ltd.
o Zentrum Mikroelektronik Dresden AG
o ZF Lenksysteme GmbH

- Meéréstechnika és
© BME-MIT 2023 Informacids Rendszerek 8
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Supplier codes (Supplier ID)

= 0x0001 Audi = 0x0014 Microchip
= 0x0002 BMW = 0x0015 CRF
= (0x0003 Daimler AG = (0x0016 Renesas Technology
= 0x0004 Motorola Europe GmbH
= 0x0005 VCT / Mentor Graphics * 0x0017 Atmel
= 0x0006 VW (VW-Group) = 0x0018 Magnet Marelli
= 0x0007 Volvo Cars (Ford = 0x0019 NEC
Group) = 0x001A Fujitsu
= 0Ox000B Freescale = 0x001B Opel
Semiconductor = 0x001C Infineon
= 0x0011 NXP Semiconductors = 0x001D AMI Semiconductor
= 0x0012 ST Microelectronics = OxO001E Vector Informatik

= 0x0013 Melexis = sth.
- Méréstechnika és
T ; © BME-MIT 2023. M Informacios Rendszerek 9
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A LIN specifikacidk valtozatai

= LIN1.0(1999.07.01.) A LIN legels6 valtozata.
= LIN 1.1 (2000.03.06.)

= LIN 1.2 (2000.11.17.)

= LIN 1.3 (2002.12.13.)

= LIN 2.0 (2003.09.16.) Jelent8s valtoztatas.

= LIN 2.1 (2006.11.24.) Pontositasok, modositott
konfiguralas, javitasok a transzport rétegen, diagnosztika
hozzaadasa.

= LIN 2.2 (2010.12.31.) LIN 2.1 Errata sheet 1.4 javitasai;
bitmintavétel specifikacio enyhitése

= LIN 2.2A (2010.12.31.) Jav. wakeup signal def. (2.6.2 fej.)

- Méréstechnika és
© BME-MIT 2023 Informacios Rendszerek 1 O
| Tanszék ’




LIN konzorcium dokumentacios csomagja

Physical Layer Specification
Protocol Specification
Transport Layer Specification

Node Configuration and Identification

Specification
Diagnostic Specification

Application Program Interface Specification

Configuration Language Specification

Node Capability Language Specification

(Mar nem elérhetdk.)

- éréstechnika és
© BME-MIT 2023 ormacios Rendszere
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Scope of the LIN specifications

ELECTRONIC CONTROL UNIT TOOLS
OPERATING SYSTEM
[ APPLICATION SOFTWARE ] | SIGNAL DATABASE MANAGER
. . .
LIN APPLICATION INTERFAGE CONFIGURATION LANGUAGE CONFIGURATION LANGUAGE
. . .
[ COMMUNICATION MANAGER ] NETWORK CONFIGURATION E
GENERATOR ;
.
T 2000 BUS ANALYZER / EMULATOR
- .
BUS TRANSCEIVER J :
. .
LIN PHYSICAL LAYER LIN PHYSICAL LAYER
- -y

VEHICLE LIN NETWORK

[http://www.lin-subbus.org/index.php?pid=7&lang=en&sid=87663a00ba692576452f8ef0d508c61f]

Tanszék
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LIN tools

DATABASE |, [——
‘ MANAGER | €% paasase

v _
LiN
= AROWARE:
L e INFORMATION)

LIN /!
CONFIGURATION

TOOL

- - l

' LIN API
LIN LiM .
BUS-EMULATOR | | BUS-ANALYZER LIN APPLICATION A | m ECU
CODE i CODE
— n | e

- LIN-Bus \; {'/

‘ COMPILER / LINKER ‘

ECU/ ECU/ ECU / ¢ TARGET ._/
Slave 1 Slave 2 Masm\ ‘ M_‘

T 1

NODE CAPA-| | NODE CaPA-|
BILUTYFILE | | BILITY FILE |

[http://www.lin-subbus.org/index.php?pid=19&lang=en&sid=87663a00ba692576452f8ef0d508c61f]
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LIN szabvany: ISO 17987-1

ISO 17987-1:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —
Part 1: General information and use case definition

. ISO 17987-1:2016 gives an overview of the structure and the partitioning of ISO 17987 (all parts). In addition, it outlines the use case
where the ISO 17987 (all parts) will be used. The terminology defined in ISO 17987-1:2016 is common for all LIN communication

systems and is used throughout ISO 17987 (all parts).
= It has been established in order to define the use cases for LIN.

[https://www.iso.org/standard/61222.html]

Tanszék
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LIN szabvany: ISO 17987-2

1ISO 17987-2:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —

Part 2: Transport protocol and network layer services

ISO 17987-2:2016 specifies a transport protocol and network layer services tailored to meet the requirements of LIN-based vehicle
network systems on local interconnect networks. The protocol specifies an unconfirmed communication.

The LIN protocol supports the standardized service primitive interface as specified in ISO 14229-2.
ISO 17987-2:2016 provides the transport protocol and network layer services to support different application layer implementations
like

- normal communication messages, and

- diagnostic communication messages.

The transport layer defines transportation of data that is contained in one or more frames. The transport layer messages are
transported by diagnostic frames. A standardized API is specified for the transport layer.

Use of the transport layer is targeting systems where diagnostics are performed on the backbone bus (e.g. CAN) and where the system
builder wants to use the same diagnostic capabilities on the LIN sub-bus clusters. The messages are in fact identical to the ISO 15765-2
and the PDUs carrying the messages are very similar.

The goals of the transport layer are
- low load on LIN master node,
- to provide full (or a subset thereof) diagnostics directly on the LIN slave nodes, and
- targeting clusters built with powerful LIN nodes (not the mainstream low cost).

[https://www.iso.org/standard/61223.html]

- Méréstechnika és
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LIN szabvany: ISO 17987-3

1ISO 17987-3:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —

Part 3: Protocol specification

. ISO 17987-3:2016 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 contains also OSI layer 5 properties according to 1ISO 14229-7 UDSonLIN-
based node configuration and identification services (SID: BO16 to B816) belonging to the core protocol specification.

= A node (normally a master node) that is connected to more than one LIN network is handled by higher layers (i.e. the application) not
within the scope of ISO 17987-3:2016.

[https://www.iso.org/standard/61224.html]

- Meéréstechnika és
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LIN szabvany: ISO 17987-4

1ISO 17987-4:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —
Part 4: Electrical physical layer (EPL) specification 12 /24 V

ISO 17987-4:2016 specifies the 12 V and 24 V electrical physical layers (EPL) of the LIN communications system.

. The electrical physical layer for LIN is designed for low-cost networks with bit rates up to 20 kbit/s to connect automotive electronic
control units (ECUs). The medium that is used is a single wire for each receiver and transmitter with reference to ground.

. ISO 17987-4:2016 includes the definition of electrical characteristics of the transmission itself and also the documentation of basic
functionality for bus driver devices.

= All parameters in this document are defined for the ambient temperature range from -40 °C to 125 °C.

[https://www.iso.org/standard/61225.html]

- Meéréstechnika és
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LIN szabvany: ISO 17987-5

1ISO 17987-5:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —

Part 5: Application programmers interface (API)

ISO/TR 17987-5:2016 has been established in order to define the LIN application programmers interface (API).

[https://www.iso.org/standard/69116.html]

b . Méréstechnika és
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LIN szabvany: ISO 17987-6

1ISO 17987-6:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —
Part 6: Protocol conformance test specification

. ISO 17987-6:2016 specifies the LIN protocol conformance test. This test verifies the conformance of LIN communication controllers
with respect to ISO 17987-2 and ISO 17987-3.
. ISO 17987-6:2016 provides all necessary technical information to ensure that test results are identical even on different test systems,

provided that the particular test suite and the test system are compliant to the content of this document.

[https://www.iso.org/standard/61222.html]

- Meéréstechnika és
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LIN szabvany: ISO 17987-7

1ISO 17987-7:2016 (Published)
Road vehicles — Local Interconnect Network (LIN) —
Part 7: Electrical Physical Layer (EPL) conformance test specification

. ISO 17987-7:2016 specifies the conformance test for the electrical physical layer (EPL) of the LIN communications system. It is part of
this document to define a test that considers ISO 9646 and ISO 17987-4.

. The purpose of ISO 17987-7:2016 is to provide a standardized way to verify whether a LIN bus driver is compliant to ISO 17987-4. The
primary motivation is to ensure a level of interoperability of LIN bus drivers from different sources in a system environment.

= ISO 17987-7:2016 provides all the necessary technical information to ensure that test results are consistent even on different test
systems, provided that the particular test suite and the test system are compliant to the content of this document.

[https://www.iso.org/standard/61229.html]

- Mérestechnika és
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LIN szabvany: ISO 17987-8

ISO/DIS 17987-8 (Under development)
Road vehicles — Local Interconnect Network (LIN) —

Part 8: Electrical physical layer (EPL) specification:
LIN over DC powerline (DC-LIN)

[https://www.iso.org/standard/71044.html]

- Meéréstechnika és
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LIN — Fizikai réteg

= Alapotlet: K-Line (1ISO 9141)
= Open-collector

= Az autdakkumulator szintjéhez (Vbat) igazodik.

Vear
A driver node ) receiver node
Vsup : Vaue .
recessive - recessive
3 K 60% / \
sl / \
40%
— dominant ) S— el dominant - N
- L o

GND

[Introduction to Local Interconnect Network (LIN)
Hans-Chr. v. d. Wense, Motorola, March 2000]
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LIN — Fizikai réteg

D | t
/Master ECU Transceiver IC . — Vbus th\éocl}%%%s[?irr?p Sl‘l"ar ih

/______/____\ A ; pull up pa
Vbat 5| Deer Master VPAF — — — — - -
(KI. 30) "I e B e e Vsupl- — - — - — —— — -

| VsudI : | Vrect=— — - i

| | 0KE | 31K | Y

l'< ' .

l & | | | < Vbus

I ] T | |
Gnd o T ol | » VBUSdom
(K. 31)" | R R . | >

- JR— [— — — u— — — — JR— —

O BME-MIT 2023.

[LIN Specification Package
Revision 2.1
November 24, 2006; Page 1]
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LIN — Fizikai réteg

= Kommunikacids sebesség: 1 kbit/s — 20 kbit/s
o Standard UART bitsebességek
o K-Line altal hasznalt 10,4 kbit/s

= Bitkddolas: NRZ (Non Return to Zero)

= A bitszintek:

o dominans = 0 oV
O recessive = 1 7..17V
= Slew rate: 1-2 V/us
= Javasolt node szam: max. 16
= Vezetékhosszusag: max. 40 m
= Lezaro ellenallas: Riaster = 1 KQ, Ry, = 20-47 kQ
= Terhel6 kapacitas: Coraster > Colave

© BME-MIT 2023.
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Probléemak

= A buszra kapcsolt kapacitas rontja a sebességet,
de szukséges a radiofrekvencias zavarok
kisz(réséere.

" Az egyes node-ok kiilonbdz6 kapacitiv és rezisztiv
terhelései teljesen mas felfutasi id6ket
eredményezhetnek node-onként.

= EMC problémak: egy 20 kbit/s-os LIN busz kb.
akkora EMC terhelést okoz, mint egy 500 kbit/s-os
CAN busz.

- Méréstechnika és
© BME-MIT 2023. Informacios Rendszerek 25
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LIN busz (példa)

O BME-MIT 2023.

- 40m -
+ Return
| . LIN bus
L 2 L 2 L4 | [
1 kQ
VBAT—p—AA\—9
LIN bus LIN bus LIN bus LIN bus
MCP201 MCP201 MCP201 MCP201
Slave 1 Slave 2 Slave n <16
e e uC
Master
nC

Microchip MCP201
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LIN — MAC réteg

Master node Slave node Slave node

LIN bus

Tanszék
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LIN — Master-slave kommunikacio

Master task

Slave task 2

b . Méréstechnika és
ani= ! © BME-MIT 2023. Informacios Rendszerek 28.
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LIN — Aszinkron start-stop alapu komm.

I= 1 (recessive) = 0 (dominant) =0/1

L. - Méréstechnika és
- nnE: > BME-MIT 2023. Informacids Rendszerek 29
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LIN — Keretformatum

I= 1 (recessive) = 0 (dominant) =0/1

Inter-byte space Response space
> <

&
N

V

Sync

Header Response

Frame

Tanszék
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LIN — Break field

I= 1 (recessive) = 0 (dominant) =0/1

1 2 3 4 5 6 7 8 9 10 11 13 14

Break
Break: min. 13 bits delimiter (min. 1 bit)
X Break field g

Tanszék

- Meéréstechnika és
> BME-MIT 2023. Informacids Rendszerek 31 )



LIN — Sync byte field

< )

<

N

I= 1 (recessive) = 0 (dominant) =0/1

Sync = hex 0x55

) 2 Tbit g

) 2 Tbit g

N

\\4

2 Tbit

8 Tbit

V

N

Sync field

V

A nevleges bitsebessegtol valo megengedett elterés:
» Master (kvarcoszcillatorral):
» Slave (kvarcoszcillatorral):

 Slave (kvarcoszcillator nélkul) :

© BME-MIT 2023.

FroL res masTer < +/-0,5%

FroL res siave < +/-0,9% (szinkronizacio nelkul)
FroL unsyne < +/-14% (szinkronizacio el6tt)

FroL sync < +/-2% (szinkronizacio utan; a
kommunikacié soran ennyi a megengedett eltérés)

[hit

Méréstechnika és
Informaciés Rendszerek
Tanszék
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LIN — Protected identifier field (PID)

I= 1 (recessive) = 0 (dominant) =0/1

ParitasP0=1D0 @ ID1 @ ID2 @ ID4

Start P1=—(ID1® D3 @ ID4 © ID3)

bit

\ AL )
Y Y
Identifier Parit
Identifier: IDO=ID5 bits y

0-59 (0x00-0x3B) signalokat tartalmazo keretekhez
unconditional, event triggered, sporadic frames
60,61 (0x3C, 0x3D) diagnosztikahoz és konfiguralashoz (MRF, SRF)
62, 63 (0Ox3E, Ox3F) kés6bbi bdvitésre fenntartva
Az ID-k implicit vagy explicit médon meghatarozzak az adatmezd hosszat.
Explicit (LIN 1.3): IDO-ID3 identifier, ID4, ID5 data length (2, 4, 8 byte)
Implicit (LIN 2.0): IDO—-ID5 identifier with implicit data length

- Mérestechnika és
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LIN — Data field

I= 1 (recessive) = 0 (dominant) =0/1

Data 1 ‘ Data 2 ‘ Data 3 ‘ Data 4 ‘ Data 5 ‘ Data 6 | Data 7 ‘ Data 8
| I I I | I I I

LSB byte Little-endian MSB
byte

Tanszék
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LIN — Checksum field (byte)

Checksum = a védett byte-ok
elGjeles 0sszegének az inverze.

LSB MSB

. N #
Classic checksum™ (LIN 1.x) /
\

N
7

Enhanced checksum (LIN%

* ID = 60, 61-hez mindig classic checksum
tartozik!

b . Méréstechnika és
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Kerettipusok

= Unconditional frame
" Event triggered frame
= Sporadic frame

" Diagnostic frame

= Reserved frame

b . Méréstechnika és
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Unconditional frame

Normal adatkeret
ID=0..59 (0x00..0x3B)

Slave 1 Master Slave 2
<}-------- HD=0x30 Master requests a frame from Slave 1
i ----------- 18711Vt SRS E Master sends a frame to both slaves
ﬁ ----------- IB=Gx32 - - - - - - - ---- ™1 slave 2 sends a frame to Slave 1

Figure 2.9: Three unconditional frame transfers.

LIN Protocol Specification
Revision 2.2A
December 31, 2010; Page 34
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Event triggered frame

Ritka esemeények hatékonyabb kezelésére

Slave 1

Figure 2.10: Event-triggered frame example.

© BME-MIT 2023.

Master Slave 2

R ID=0x10 . ~| Request for event triggered frame cause a collision,

P because both slave 1 and slave 2 responded
—————————————— — Automatic switch to collision resolving schedule table

ID=px12 =

- Frame from slave 2 is requested

P ID=Dx11

- Frame from slave 1 is requested
——————————————— - Automatic switch back to normal schedule table
il 1 {16 L, ~

None of the slave nodes has a new response to send

ID=0x10

i - 5 One of the slave nodes has a new response

LIN Protocol Specification
Revision 2.2A
December 31, 2010; Page 36

Méréstechnika és
Informaciés Rendszerek
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Event triggered frame

= Az event triggered keretekhez hozzarendelt
unconditional keretek:
o Azonos hosszusaguak.
o Ugyanazt a checksum-modellt hasznaljak.
o Az 1. adatbyte a sajat ID.
o Kulonbo6z6 slave node-ok tovabbitjak.
o Kilon Utemez6 tablazat az Gtkozések feloldasara

- Mérestechnika és
© BME-MIT 2023. Informacios Rendszerek 39
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Sporadic frame

" Master-slave iranyu dinamikus adattovabbitas
" Prioritasos uzenetkezelés

= Nem boritja fel a determinisztikus viselkedést

Master Slave

Master has nothing to send

mething h ns that « - - - : ,
Ssda?ésl agsi;r?;?nir;rﬁg : HD=0x22- - - - - - - - = The associated frame 0x22 has an updated signal and

0x22 . P is sent by the master

Figure 2.11: Sporadic frame example

LIN Protocol Specification
Revision 2.2A
December 31, 2010; Page 37

Méréstechnika és
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Diagnostic frame

"= |ID =60 (0x3C) master request frame

" |ID =61 (0x3D) slave response frame

= A szallitasi réteg adatainak tovabbitasara
o Transport Layer Specification

" Mindig 8 adatbyte-ot tartalmaz

= Az adatok értelmezése:

o Node configuration and Identification specification
o Diagnostic specification

- Méréstechnika és
© BME-MIT 2023 Informacios Rendszerek 41
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Reserved frame

= |D =62 (0Ox3E), 63 (0Ox3F)
= KésObbi bovitésre fenntartva

L. - Méréstechnika és
e =1 i © BME-MIT 2023. Inforn'léciés Rendszerek 42.
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Utemezett adas — IdBzitések

13+1 10 10 (2,4, 8)x10=20...80 bit 10 bit
Check-
sum
>
T
- <« FRAME_MAXIMUM S| e
Jitter Inter-frame space
€ >

TFRAM E_SLOT

Terave_stor = N~ Tease (Tgase tipikusan 5 ms vagy 10 ms)

Terame_stot > Jitter + Terave waximum + Inter-frame space

Tanszék
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Utemezett adds — Kerethosszak

bit msec
Break 14 | 14 | 14 bit/s | ms/bit | 64 bit | 84 bit | 124 bit
Sync 10 | 10 10 1200| 0,83 53,3 70,0 | 103,3
PID 10 | 10 10 2400| 0,42 26,7 35,0 51,7
Data 20 | 40 80 4800 | 0,21 13,3 17,5 25,8
Checksum 10 | 10 10 9600| 0,10 6,7 8,8 12,9
64 | 84 | 124 19200 | 0,05 3,3 4,4 6,5

+ 11 x Inter-frame space
+ Response space
+ Inter-frame space

© BME-MIT 2023.
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Utemezett adas

ciklus

5ms 10 ms 10 ms

Normal_Schedule

{
Framel delay 5 ms;
Frame2 delay 10 ms;
Frame3 delay 10 ms;
}

- Meéréstechnika és
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Utemezett adds — Utemezd tablak

= A master kezeli
= A tervezO allitja 6ssze

" Determinisztikus mdkodés

= Tobbféle Gtemez6 tabla (schedule table)

o Példa normal Gitemezésre:
Normal_Schedule

{
CEM_Frm1l delay 15 ms;
LSM_Frm2 delay 15 ms;
RSM_Frm?2 delay 15 ms;
Node Status Eventdelay 10 ms;
}

- Méréstechnika és
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Slave node communication state diagram

‘\g Initializing j

Wake up signal received OR
intemal reason to wake up

the du7

Bus sleep mode Go to seep request Operational
received OR bus

inactive for4 to 10 s K

Init pmcemfinimed [< 100 mg]
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WAKE UP

L e T, | }h__._:‘:' e |

Pl e ey

g e, —

250 ps - D ms 150 ms - 250 ms 250 s -5 ms 150ms-250ms 250 ps -5 ms

= > = = =
>15s >15s >15s
The slave node is
S| de is initializi ready to receive or
ave node is initializing rancmet o
i "‘--._I_.--r"' ‘--u..._l
_— —_ ——
> 150 pus max 100 ms
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Go to sleep

data1

data2

data3

datad

datab

data6

data7 data8

OxFF

OxFF

OxFF

OxFF

OxFF

OxFF OxFF
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LIN — Transport layer

Célja:

" Nagyobb adatmennyiség tovabbitasa diagnosztikai
célokra.

= A CAN-nél megszokott diagnosztika hasznalata a
LIN-nél is. Példa:

| back-bone bus
Tester (/ ]

Master

i

| ) IUN cluster

Slavel J Slave?2

y

LIN Specification Package
Revision 2.1
November 24, 2006
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LIN — Transport layer

NAD|PCl|SID| D1 | D2 | D3 | D4 | D5 | PCl-type = SF

Request 3 [ ap| pci [Len|sio| o1 | 02 | D3 | D4 | PCItype = FF

*INAD|PCI | D1 (D2 | D3 | D4 | D5 | D6 | PCl-type =CF

Response < NAD | PCI |RSID| D1 | D2 | D3 | D4 | D5 | PCl-type = SF

NAD | PCI | LEN |RSID| D1 | D2 | D3 | D4 | PCl-type =FF

NAD = Node Address (csak a slave-nek van cime)

PCI = Protocol Control Information

SID = Service ID (0-OxAF, 0xB8-0xFE diagnosztika, 0xB0-0xB7 node konfig.)
RSID = Response SID

LEN = Length

SF = Single Frame

FF = First Frame

CF = Consecutive Frame LIN Specification Package

Revision 2.1
November 24, 2006
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LIN — Transport layer

Type PCl type Additional information
B7 [ B6 [ B5S [ B4 | B3 [ B2 [ B1 B0

SF 0 0 0 0 Length

FF 0 0 0 1 Length/256

CF 0 0 1 0 Frame counter

LIN Specification Package
Revision 2.1
November 24, 2006
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Node configuration and identification

= A LIN node-ok konfiguralasara és azonositasara
" Product Identification:

o Supplier ID (16 bites, OXXXXXXX XXXXXXXX)
A gyartoknak kiosztott egyedi cim.
Az 1xxx... kés6bbi bbvitésre van fenntartva.

o Functional ID (16 bites): a gyartok altal kiosztott cim.
A teljesen azonos funkciot betolt6 egységeknek
ugyanaz a Functional ID-ja.

o Variant ID (8 bites): Az azonos funkcion beluli
valtozatok megkulonboztetésére valo.

o Serial number: (32 bites)
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Supplier codes (Supplier ID)

0x0001 Audi

0x0002 BMW

0x0003 Daimler AG

0x0004 Motorola

0x0005 VCT / Mentor Graphics
0x0006 VW (VW-Group)

0x0007 Volvo Cars (Ford
Group)

Ox000B Freescale
Semiconductor

0Ox0011 NXP Semiconductors
0x0012 ST Microelectronics

0x0013 Melexis

© BME-MIT 2023.

0x0014 Microchip
0x0015 CRF

0x0016 Renesas Technology
Europe GmbH

0x0017 Atmel

0x0018 Magnet Marelli
0x0019 NEC

Ox001A Fujitsu

0x001B Opel

0x001C Infineon

0x001D AMI Semiconductor
Ox001E Vector Informatik

stb.
- Méréstechnika és
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Wildcards

Property Wildcard value
NAD Ox7F
Supplier ID Ox7FFF
Function |D OxFFFF

[LIN Specification Package
Revision 2.1
November 24, 2006]
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Slave node-ok konfiguralasa

ROM ROM or NVRAM

g NAD PIDs
Supplier ID |Function ID | Vanant

Id_set configuration

|
e.g. pin configuration VRAM Y
Initial NAD Instance generation | Lr—an BIDs

Configuration from
master node, over the bus

[LIN Specification Package
Revision 2.1
November 24, 2006]
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A slave node-ok kezdeti beallitasa

" Noconfigured (nem konfiguralt) slave node
o A slave a konfiguracios adatokat RAM-ban tarolja.
o Reset utan nincs érvényes konfiguracioja.
o A masternek kell konfiguralnia a slave-et.

" Preconfigured (el6re konfiguralt) slave node
o A slave ROM-badl télti be az érvényes konfiguraciojat.
o Reset utan elvesznek az esetleges modositasok.

" Full configured (teljesen konfiguralt) slave node

o A slave a mindenkori aktualis konfiguraciéjat NVRAM-
ban tarolja.

o Mindig van érvényes konfiguracioja.

. éréstechnika és
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NAD beadllitds/konfiguralas

/_, in the NCF L'/J\\

User defined Initial NAD is set to Slave Node
instantiation of NAD first entry in list Position Detection

\ | /
\. ' /
il

Initial NAD _\

o )
ld_set_configuration  The initial NAD is the same Assign NAD
as the configured NAD
\ i )
\- Configured NAD 4-/
: [LIN Specification Package
ASSIQ" NAD Revision 2.1

November 24, 2006]
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NAD ertekek

NAD value Description
0 Reserved for go to sleep command, see Section 2.6.3
1-125 (0x7D) Slave node addresses (NAD)
Functional node address (functional NAD), only used for diagnos-
126 (OX7E) . .
tics (using the transport layer)
127 (OX7F) Slave node address broadcast (broadcast NAD)

Free usage.
Diagnostic frames with the first byte in the range 128 (0x80) to 255
(OxFF) are allocated for free usage since the LIN 1.2 standard. See
user defined diagnostics Section 5.2.6.

128 (0x80) - 255 (OXFF)

[LIN Specification Package
Revision 2.1
November 24, 2006]
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SID

SID Service type Reference
0 - OxAF reserved reserved See 1ISO15765-3 [4]

0xB0 Assign NAD Optional Section 4.2.5.1
OxB1 Assign frame identifier Obsolete See LIN2.0 specification
0xB2 Read by Identifier Mandatory Section 4.2.6.1
OxB3 Conditional Change NAD Optional Section 4.2.5.2
0xB4 Data Dump Optional Section 4.2.5.3
0xBS AssignNADVaSNPD | Reservedby | SeeNode Positon Detectin
OxB6 Save Configuration Optional Section4.2.5.4
OxB7 Assign frame identifier range Mandatory Section 4.2.5.5

OxB8 - OxFF reserved reserved See ISO15765-3

O BME-MIT 2023.

[LIN Specification Package

Revision 2.1
November 24, 2006]
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NAD megvaltoztatasa (Initial NAD -> New NAD)

NAD PCI SID D1 D2 D3 D4 D5

. Supplier ID|Supplier ID |Function ID|Function ID
Initial NAD 0x06 OxBO LSB MSB L SB MSB New NAD
Pozitiv valasz

NAD PCI RSID Unused

Initial NAD 0x01 OxFO OxFF | OxFF | OxFF | OxFF | OxFF
Conditional change NAD

NAD PCI SID D1 D2 D3 D4 D5 ’ .

NAD 0x06 Oxb3 Id Byte Mask Invert | New NAD Egyeb paranCSOk'

Pozitiv valasz

NAD

PCI

RSID

Unused

NAD

0x01

OxF3

OxFF

OxFF OxFF

OxFF

OxFF

[ollnl
......

© BME-MIT 2023.

» Data dump

Save configuration
Assign frame ID range
Read by identifier

[LIN Specification Package
Revision 2.1
November 24, 2006]
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LIN diaghosztika

" Diagnosztikai osztalyok:
o Class | (signal alapu)
o Class Il (Class | + node identification)

o Class Il (teljes funkcionalitasu diagnosztika)

b . Méréstechnika és
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LIN diaghosztika

UDS ser-
Slave Diagnostic Class I Il ] vice index
[Hex]
Diagnostic Transport Protocol Requirements
Single frame transport only +
Full transport protocol (multi-segment) + +
Required Configuration Services
Assign frame identifier range + - + 0xB7
Read by identifier (0 = product id) + + + 0xB2 0x00
Read by identifier (all others) optional optional + 0xB2 0xXX
Assign NAD optional optional optional 0xBO
Conditional change NAD optional optional optional 0xB3
Positive response on + + + service +
supported configuration services 0x40
Required UDS Services
Read data by identifier: 0x22
- hardware and software version + + 0x22
- hardware part number (OEM specific) + + 0x22
- diagnostic version - + 0x22
Read by identifier (parameters) + + 0x22
Write by identifier (parameters) if applicable | if applicable Ox2E

O BME-MIT 2023.

[hit

[LIN Specification Package
Revision 2.1
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LIN diaghosztika

UDS ser-

Slave Diagnostic Class | ] ] vice index
[Hex]
Session control + 0x10
Read by identifier (sensor and actuator data) + 0x22
I/O control by identifier + Ox2F

Read and clear DTC (fault memory) + 0x19, 0x14
Routine control if applicable 0x31

Other diagnostic services if applicable
Flash Reprogramming Services

Flash programming services optional OxXX

O BME-MIT 2023.

[LIN Specification Package

Revision 2.1

November 24, 2006]
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Slave Node Position Detection (SNPD)

= Extra Wire Daisy Chain (XWDC)
= LIN Switch Method (LSM)
= Bus Shunt Method (BSM)

L. - Méréstechnika és
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Extra Wire Daisy Chain (XWDC)

D1 {optional) optional
D2 (optional) optional - | | H
Master direction of configuration:. —»
| LIN
I — I —p ‘ = e — i
for T e 1
BAT D1 D2 D1 D2 D1 D2 D1 D2
Slave 1 Slave 2 Slave 3 Slave n
o™ . e
BAT BAT BAT BAT
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Extra Wire Daisy Chain (XWDC)

on/off on/off
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LIN Switch Method (LSM)

UBATI’EFEY

Master v N4 Slave 1 v Slave 2 V4 Slave 3 v Slave 4
i w w LSM Slave w w  LSM Slave
7 3 3 3 3
fi if if i&j if

=t iy LI
= [
N B meE D= N B = B/ E D= O =
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LIN Switch Method (LSM)

LSM SLAVE

LIN .

s

LIN
n TRANSCEIVER

» LINSW

LIN SWITCH

]

CONTROL

]

\V4
Y

I ﬂ_
]

APPLICATION

J : : © BME-MIT 2023.
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LIN Switch Method (LSM)

LSM SLAVE

LIN .

LIN
n TRANSCEIVER

» LINSW

e

—
LIN SWITCH

]

CONTROL

]

\V4
Y

I ﬂ_
]

APPLICATION

J : : © BME-MIT 2023.

MODEGYETEM 1782
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Bus Shunt Method (BSM)

' 7
Shwas - ‘ h
T é/ /
18 .
e 1 i \/ 1r 1r
-—— e ) ) - Y,
MASTER SLAVE 1 SNPD SLAVE 1 SLAVE 2 SNPD SLAVE 2
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Bus Shunt Method (BSM)

Positioning detection

Synch break Synch field ldent Command n+1
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Bus Shunt Method (BSM)

1 mid

5 E ! E - 5 :
LIN-Bus X 5 i E Looa / :

Pull-up & Xpull—up re«:sistor current sources 1&2=BHX Source 1 =on ' ' Pre selected sources 1 & 2 =on Xonly pull-up resistor = on
current sources 1 & 2 i : : H ! ! . . '
Measurements —< Ishunt 1 )—( Ishunt 2 ' ' IShunt 3 },- .
Steps : : f : - . :

: Step 1 : Step 2 . Step 3 . Step 4 . Step5: Step 6 : Step7

‘ ' ' ; Synch Break b ' : :

T Bit
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LIN cluster development
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Node Capability File, LIN Description File

Design

Node Capability Files
N L
E LIN cluster
Generator |
LIN c’:luster

Slave1i

Slave2i

LIN cluster
design Tool

LIN Description|

File

Debugging

Bus analyzer and
emulator

LIN

[ollnl
......
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