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Major IVN technologies overview

This presentation deals with basics of LIN, CAN (FD), FlexRay
and automotive Ethernet technologies.
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(i LIN Overview

LOCAL INTERCONNECT NETWORK

« LIN =12V, single-wire serial communications protocol based
on the common SCI (UART) byte-word interface

« Maximum speed = 20 kb/s (EMC/clock synchronisation)

e Master controls the medium access: no arbitration or collision
management, guaranteed latency times

e Clock synchronization mechanism by slave nodes (no need for quartz or
ceramics resonator)

 Nodes added without HW/SW changes in other slave nodes
* Typically < 12 nodes, (64 identifiers & relatively low transmission speed)
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Like in a classroom situation, the
LIN ‘master’ initiates the response
of the other participants




(: LIN details B

API

LOCAL INTERCONNECT P;EWIORK P h ys i Ca I Laye r Protocol

| TL | ISig nal intera cti0|1|

| Framehandler |

 Vsup between 7 Vand 18V
e Strict requirements for slope and symmetry
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a , LI N d eta i IS | ; Application' |

il . . AP | TL | ISignaIinteraction|
e Communication concept —

Physical -
| LIN bus line |

« Communication initiated by the master task (message header)

e Slave task activated upon recognition of identifier - starts the message response (1-8 data bytes + 1
checksum byte)

* Data correctness: parity, checksum
* |dentifier = content, not the destination!
 Exchange of data in various ways:

e M— S(S) Slave 1 | Master | | Slave 2 |
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Vé™ LIN Applications

LOCAL INTERCONNECT NETWORK

Mirrors, window lift, doors switches, door lock, HVAC motors, control panel, engine
sensors, engine cooling fan, seat positioning motors, seat switches, wiper control, light
switches, interface switches to radio/navigation/phone, rain sensor, light control, sun
roof, RF receivers, body computer/smart junction box, interior lighting and more.

Roof: rain sensor, light sensor,
light control, sun roof

wiper, turning light, climate
control, radio, telephone

[ Steering Wheel: cruise control,

Climate: small motors,
control panel

////////

Door: mirror, central ECU,
mirror switch, window lift, seat

control switch, door lock

motors, occupancy

Seat: seat position
sensor, control panel

Engine: sensors,
small motors
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CAN Overview

GIFTACT

* Controller Area Network is a fast serial bus designed to
provide an efficient, reliable and very economical link
between sensors and actuators.

 CAN connects the vehicle's electronic equipment

* These connections facilitate the sharing of information and
resources among the distributed applications.

* All nodes can send a message at any time, when two nodes are

accessing the bus together, arbitration decides who will continue.
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In CAN communication, all partners are
equal and are able to communicate at
any time. In case of conflicts (two
speaking at the same time), arbitration is
used to ensure messages are
understood.




CAN Applications

GIFTACT

 CAN was developed in early 1980’s for automotive and is widely used in all
car parts (Powertrain, Chassis, Body). Every car developed in Europe, USA and
Japan has at least a few CAN nodes; CAN is being adopted in Asia as well.

* Anincreasing number of products have a CAN transceiver implemented
together with other functionality (e.g. in system basis chips, stepper motors,
park assist,...).

 CAN also found its way into Industrial Applications.

. Y %]
See http://www.can-cia.de/ cln
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http://www.can-cia.de/

CAN - details

Characteristics

GIFTACT

* Asynchronous communication (Event Triggered).

* Any node can access the bus when the bus is quiet. Moot

* Non-destructive arbitration, 100% use of the bandwidth  CAN Controller
without loss of data, large latency for low priority T ..
messages, low latency for high priority messages. CAN Transcever <[

« Variable message priority based on 11-bit (or extended T N
29 bit) packet identifier. E = - :f.]

* Automatic error detection, signaling and retries. o -

« CAN uses a twisted pair cable to communicate at Physical GAN Gonnectian accoring o 150 11068

speeds up to 1 Mb/s with up to 40 devices.

CAN data frame
Maximum frame length with bit stuffing = 150 bits

Arbitration Control
field field Data
32 bits 6 bits field
CAN Bus (up to 40m @1Mb/s, up to 1km @50Kb/s) 1
S i S| : R ACK
Stub o Identifier rlp Identifier Tlrlr DLC Data field CRC field EOF
. 11 bits RIE 18 bits ) 1|0 |4 bits 0 to 64 bits 15 bits 2 bits 7 bits
De#\.:ce De;zll:e De;;ce De#\r':ce No bit
Bit stuffing stuffing

Extended CAN frame (ISO 11898)
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GIFTACT

CAN bus requires line termination.

CAN - details

Physical Layer ")

ISO 11898 standard define the impedance of the cable as 120 + 12 Q.
Twisted pair, shielded or unshielded is requested.
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(*) Single wire CAN (SEA2411, 33,3 kbit/s) and low speed CAN (1SO11898-3, 125Kbit/s) are not covered by above description
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CAN - details

Bus arbitration in more details

If two messages are simultaneously
sent over the CAN bus, the bus takes
the “logical AND” of the signal.

Hence, the messages identifiers with
the lowest binary number gets the
highest priority.

Every device listens on the channel and
backs off as and when it notices a
mismatch between the bus’s bit and its
identifier’s bit.

S R
OM—— |dentifier — ™ T|Control Data

F10 98 7654321 0R| Field | Field

node 1 listening only
node 2 listening only
node 3
recessive N
bus-level

dominant

Node 3 wins arbitration and transmits his data.
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can®™ CAN Flexible Data-rate

For increased bandwidth, CAN Flexible Data-rate has been introduced as
an extension to CAN

Two techniques are used:
1. Increase of the bit rate of the payload
2. Increase of the number of bytes in the payload

Standard CAN Frame ID: 11 bit, Bit Rate Arbitration: 1Mbit

Arbitration Dat] Arbitration
Frame Phase Ph Phase 6 I I I
! = —64 bytes payload
! Payload transmitted at higher bit rate __‘_,--“"_ =48 bytes payload /
" - 5 | ——32 bytes payload L~
Q g i e E 16 bytes payload //
g " e £ 4 || =—8bytes payload //'/
o CAN FD i Arbitrati /
B E Frame Ar::';zon MMMHIW Ar::::n Implications of higher bit rate ;_- / /
E ﬂ_J ! ! Changes limited to HW of protocol controller % 3 ,’/
. i | Transceivers for higher data rate qualified o /
i ! Legacy SW fully compatible "E /
[a] 2 P
H | o
3 © i up td 64 Bytes payload in Data Phase (instead of 8 Byte) 2
1] g < ! T T T : > 1 T
2 CANFD | Aaritration MMMM ....................... Arbitration rF
g © Frame Phase Phase
~ * Implicati f load 0
o~ mplication of larger payloa 0 1 5 3 4 5 e - 8 9
SW update necessary

Bit Rate Data Phase (Mbit/s)
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Flexray Overview _

 High data rates (up to 10 Mb/s)
* Time- and event-triggered behavior
 Redundancy
 Fault-tolerance

... . As in a train-schedule, all FlexRay traffic on
e Deterministic (Use of “tlme-Sl()tS”) the bus is nicely scheduled using timeslots.

Train
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G

corai
eorai
LN
ten
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TV

FlexRay delivers the error tolerance, speed and time-determinism
performance requirements for x-by-wire applications (i.e. drive-by-wire,
steer-by-wire, brake-by-wire, etc.).
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FlexRay - details
Physical Layer

uBus A

Weel2 -

ldle_LP Idle

FE20100921.01

Communication cycle

Cycle time: 1 ms

. Cycle Start

Static Segment
Dynamic Segment ——
Symbol Window
Network Idle Time

Static Segment: Reserved slots for deterministic data that arrives at a fixed period.

Dynamic Segment: Is used for a wider variety of event-based data that does not require determinism (cfr. CAN).
Symbol Window: Typically used for network maintenance and signaling for starting the network.

Network Idle Time: A known "quiet" time used to maintain synchronization between node clocks.
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i FlexRay - details

y Frame Format

Header Payload Trailer

Payload Trailer Header Payload Trailer ~ Header Payload Trailer

123 Frame ID Payload | Header CRC cle
“5 R s Data0  Datal | Data2 / / Data n Data0 | Datal | Data2
L 11 bits 7hbits 11 bits 6 bits 0 2548
Frame Type Bits yies 24 Bits

Clock Synchronization

media access schedule (MAC)
‘ . |

- cycle 2n oycle 2n+1 cycle 2n+2 cycle 2n+3
static |d]ll|5ym static i]rLlsym static dpl.|5ym static d]n|51m

clock sync correction schedule (MTG)
| | |

offset offset
rate comection rate comection rate correction rate correction r

| | | comection values ’_/‘
]

clock sync calculation schedule (CSP) —

1 ol T N R

measurement
values

measuremant rate correction
phase value calculation

offset comrection
wvalue calculation

See chapter 8 of FlexRay Protocol Specification
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OPEN Ethernet Overview: 100Base-T1, 1000Base-T1

-_— T T

ALLIANCE

* Single twisted pair, full-duplex, 100/1000 Mbps.
 Cable length of up to at least 15 m.
e Differential signal is coupled into a twisted pair via capacitors.

* PHY converts bits to symbols (3 bits -> 2 symbols). Symbol can have value +1, O
or -1, what corresponds to three different differential voltage levels.

* Peer to peer communication, switches are needed for more complex network.

* To keep synchronization, communication is ongoing even if none of nodes intend
to send data.

100Base-T1: Full-duplex channel

s Doooooo(j e :"T
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OPEN Ethernet Overview: 100Base-T1
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ALLIANCE Physical layer details

* One of link partners is Master (initiate training) and the second one is Slave
(synchronize its clock with Master’s using clock recovery form data stream).

 As PHY uses PAM3 (3 bits -> 2 symbols) baud rate is 66 MBd/s.

* Both link partners transmits symbols simultaneously, so there might be 5 different
differential voltage levels observed.

* Data to be transmitted are combined with side stream
scrambler (pseudorandom stream) for better
EMC performance (emissions).

1‘;\\

Eye dlagram of 100Base-T1 link

100Base-T1: Full-duplex chann/
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OPEN Ethernet Overview: 10Base-T1S
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ALLIANCE

10 Mbps over single twisted pair cable, length of up to at least 15 m.

* Peer to peer half-duplex communication, optionally it can have capability of:
* Full-duplex peer to peer operation
* Half-duplex multidrop (BUS topology like CAN, FlexRay, LIN,...) operation

 Multidrop: One Master, up to at least 8 Slaves. Master initiates communication by
BEACON and then each Slave have an opportunity to send data. This protocol is
called Physical Layer Collision Avoidance (PLCA).

f
0| 1|..|N 0 1 3 3 4| .. |N 0 BEACON

| J L
f COMMIT

MIN PLCA cycle TO_TIMER MAX Packet Size
(IN+2] x 20 bits) (20 bits)

DATA

- SILENCE

i
MAX PLCA cycle 2 MAX latency
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