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Where do we come from ?

“‘. @

Taillights

Battery

Example Volvo OV4 (Jakob)
Source : DVN Tokyo June 2022, Volvo cars presentation
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What did we faced ?

In 1980, already increasing of cable hardness lenght and connexion

- ABS
+ Air conditionning system L'ELECTRONIQUE DANS L'AUTOMOBILE
. (source PSA et Auto-Volt 1997)
- Radio
. Side mirror longueur du cablage en métres 2000 nombre d'interconnexions
2000 - 1800 -
Addition of complexity 1800 - 1500 1600 -
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1920 1950 1960 1985 = 1995 1980 1985 = 1995
Example PSA

Source : Philippe B. de I'Arc - Automobile (free.fr)



http://boursinp.free.fr/pdgmpx.htm
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What did we do ? aANT

1) Multiplexing

: O~ Feu de recul -
~= S Foux antibrovillard

Example Renault Megane, 2000
Source : Philippe B. de I'Arc - Automobile (free.fr)



http://boursinp.free.fr/pdgmpx.htm
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What did we do ?

2) Definition of a protocol for multiplexing

First vehicle with CAN from Bosch: BMW 850 in 1986,

in competition with other protocol ( VAN (Vehicle Area
Network),SCP, ECP, ABUS, K-BUS, P-BUS, 1-BUS...)

Can is now used by all OEM Nowadays s LR

M:HB 8436

Source : CAN in Automation (CiA): History of the CAN technology (can-cia.org)



https://www.can-cia.org/can-knowledge/can/can-history/
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Status in 201x

KOMPLEXITY AND AMOUNT OF CODE AND DATA SEEMS WITHOUT LIMIT.

\ . e
Complexity has continued to grow g
i
- New functions (Navigation, ADAS, Camera) g ax
. mm;l conventional functions an variants
- New lighgting feature : e i ey e g
. A D B ;::ﬁ:‘z:?:; msil;xnmml of sensor data ICC inside car
2000 ... Bstates each (PWM, Gammacurve etc) .. C2x communication
* We | come ;;;;?Bisarmmd I::: W:m tailure i:mﬁ:m:wwm
...130 “:i:se't'tvarimls Z:est. 80.000 Code Parameters ... staging functions (welcome, goodbye ...)
ting functions
- Automatic high beam low beam IR i cacutedberauonr
' ' ' ' Complexity
- Automatic light activation - -
. D ayt| me runnang | amp Increasing number of variants., components and functio!\alities aswellas gxploding comple)qty of lighting functions require

. Adaptive rearlamp Example BMW, 2018 ovuw«mn.oammmoN
)

Christian Amann, BMW Group Head of Lighting Systems

- FEtc... Source : DVN 2018, Munich
. BMW
: BNOUP itk
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Status in 2023
Continue to grow oy
g DOMAIN EXPANSION UP-INTEGRATION BEGINNING 4~
Leveraging compute platform knowledge to High-performance compute platforms
deliver incremental features and functions serve as natural function consolidators
ADVANCED DRIVER-
INFOTAINMENT @ ASSISTANCE @
RELATIVE : SYSTEMS
COMPLEXITY ACTIVE o INFOTAINMENT & o
SAFETY USER EXPERIENCE
+ Highest
INFOTAINMENT @ ENGINE o BODY & o
! CONTROLLERS SECURITY
+ Lowest : '
ENGINE USER CONNECTIVITY ®
INFOTAINMENT @ GONTHOLLERS . EXPERIENCE 0
3 PASSIVE ENGINE
ENGINE o PASSIVE SAFETY @ CONTROLLERS
CONTROLLERS SAFETY :
PASSIVE 1 b, [
o ACTIVE . SECURITY
SAFETY SAFETY ® ‘
5 | CONNECTIVITY @
ENGINE @ BODY & BODY & !
CONTROLLERS | SECURITY ® SECURITY ®

QO 199 i SOFTWARE CONTENT

C1980 ®

Source APTIV : What Is a Software-Defined Vehicle? (aptiv.com)



https://www.aptiv.com/en/insights/article/what-is-a-software-defined-vehicle
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Status in 2023

Continue to grow

Vo LVWVO

E/E architecture evolution at Volvo Cars (1/4)

D
200 Number of ECUs &
-
180 @ 3 g
i r o
160 = & I
o v -9
140 o & =) s
— = o
- o =
120 T
3 100 ) ©
b
B 80 )
= =
80 g
=y
40 0 Growth: ~4-5 ECUs/year
20
0
1995 2000 2005 2010 2015 2020 2025
Paul-Henrl MATHA, Tech le ( Corporati ne 2023

Source : DVN Tokyo June 2022, Volvo cars presentation
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Status in 2023

V O L VO

E/E archite

200 wme  E/E architecture evolution at Volvo Cars (2/4)

LE
<)
180 o
—_ o
. =) I}
160 SW size l 2 ' 5
© 8
140 9200 = = =
S z o
120 Speech and maps not included ) — o
800 2REECN. (2} = 5
" ) o < &
=1 100 5 a o
o 2 700 2
e B -
o 80 ) 3
z ~ o 600 Growth: ~10x every 5-7 years
&0 & g
=3 of
40 s (_2% 200 Maps not included
2 400 =
20 o O 9 5
£ 300 T =
? . 2 3 523 Wa 2
L & 200 @ < s g5  $%
s = S 598 T
s 3 2 88
Paui-Henrl MATHA, Technical lead: 100 @ X n I l
0 - P i |
1995 2000 2005 2010 2015 2020 2025

Paul-Henri MATHA, Technical leader, Volvo Cars Corporation, June 2023

Source : DVN Tokyo June 2022, Volvo cars presentation
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Status in 2023

Vo LVWVO

V O L VO

E/E archite

A g : )
%0 wm:  E/E architecture evoluti | &
180 . . d
o —— E/E architecture evolution at Volvo Cars (3/4) gEqe
140 200 j
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Paul-Henri MATHA, Technical leader, Volvo Cars Corporation, June P2 (1998-2014) EUCD (2006-2018) SPA (2015-ongoing) SPA AD (prototype) I8 B
‘8

{

Paul-Henri MATHA, Technical leader, Volvo Cars Corporation, June 2023

ls
f

Source : DVN Tokyo June 2022, Volvo cars presentation 10
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Status in 2023

Vo LVWVO

V O L VO

E/E archite

200 wet  E/E architecture evoluti ‘
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Paul-Henri MATHA, Technical leader, Volvo Cars Corporation, June P2 (199 ‘
5 .\
Source : DVN Tokyo June 2022, Volvo cars presentg et it teeme p
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Paul-Henri MATHA, Technical leader, Volvo Cars Corporation, June 2023
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OEM answer to this major issue

1) HW : Zonal architecture
Fast communication between each ECU with high bandwidth
Less hardness

Centralized SW

2) SW : Software defined vehicle

R X
e
Tt

Example Siemens
Source : Enable software-defined vehicles with Capital E/E Systems Development (siemens.com)



https://resources.sw.siemens.com/fr-FR/infographic-infographic-reduce-time-preparing-analysis-model-with-cae-computer-aided-engineering
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Example 1: Volvo cars corporation, SPA2 architecture

Polestar 3

Volvo EX90

Source : DVN Tokyo June 2022, Volvo cars presentation



7

DVN

Lighting

Main parts to the future E/E Architecture

Infotainment HERIICIE ORI Self Driving

Connections
System

R0 &P ¢

Source : DVN Tokyo June 2022, Volvo cars presentation

System System
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Step 1: Centralisation Lighting

VIU
Passenger

Source : DVN Tokyo June 2022, Volvo cars presentation
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Step 2: Integration Lighting

Integrating VIUs, power distribution and mechatronic ECUs into zone controllers

Right Front Right Rear
Door ECU Door ECU

ADPM

Tunnel ECU

LLeft Front
Door ECU Left Rear
Door ECU

Source : DVN Tokyo June 2022, Volvo cars presentation
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E/E architecture evolution at Volvo Cars (4/4)

Cable harness weight

~42

45

~36

40

35

~28

30

25

kg

20

~14.5

15

10

(@] o1
I 05

P2 (?77) EUCD (Y413) SPA (V526) SPA2 stepT step2

Source : DVN Tokyo June 2022, Volvo cars presentation
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Volvo cars solution, Rearlamp

LIN

microcontroller

SW in lamp, developed by Tier

Source : DVN Tokyo June 2022, Volvo cars presentation 18



Example 2 : Rivian
Rivian

Lamp : Varroc

LIN, Elmos LED IC 522.49 Lz

MCU

SW in lamp, developed by Tier1

Source : A2mac1 database
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ECU Interface

] [ ]
Example 2 : R e T :
Xa p e ' IVI a n I | bidirectional DIAG BUS ki
— -
=R ‘ T ™ B o s |
D aMe—1 T | EE\\smz\\ Ty T TN NI I
Rivian | | ] |
gg | |0]0]¢
|| Protection & | Optonal extemal PWM | 88 sl 2l al sl sl slal2lslgelz e |
PWMSL(i diagnosis | 2258555555 :8 38888 |
| ] VS y ¥y A ] I
Protection & | Optional external PWM VODS Internal
Va rroc PYMEE (f_ diagnosis | als voltage [ |
— regulator
L [ - — s |
B Interface v PWMIN_LP T
| t T PWMIN HP_| | Power I
o | . | OF gl manager |
LIN, Elmos LED IC 522.49 (A« | " | st L etace |y : : |
PG S o Ly
I Ph | I SCL Temp. 16x ng VDD l
M C U | | PROG | | sensor 10bit PWM ADC Vs |
| | E522.49 |
l ] J_GND to next segment |
| | |
|

SW in lamp, developed by Tier1

Source : a2mac1 database + EImos datasheet - ' 20



Example 3 : Lucid

Lucid
Lamp : Hella, Rebo

Uart over CAN, Melexis LED IC 81116
MCU
Bandwitdh : 2 Mb per second

SW in vehicle, developed by OEM

MeliBu®

by Melexis

Source : Melexis information
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Example 3 : Lucid

b HH MLX81116

UART over CAN-FD Advanced Architecture ] D] i

UART over CAN-FD offers all option for complex and safety relevant systems

\Jx{

UART over CAN-FD

R e S A 5
REERERRLERRRRerere M PR RERRP,

-_—-————'/

=1
ol

e\
3

Animated Light based on MeLiBu Multichannel RGB LED Driver (e.g. MLX81116/17/43) %
Page 7 Melexis

Source : Melexis information .



Example 4 : VW

VW ID3

Plastic Omnium

SW in lamp, developed by Tier

Source : a2mac1 database
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Example 5 : Lotus

Lotus Eletre
Odelo
CAN

SW in lamp, developed by Tier1

Source : Lotus
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Example 6 : audi

Audi a8

Lamp : Valeo

LIN a

LOCAL NTESDAECT MEWorK

STLED IC/ Elmos IC
MCU in lamp

SW in lamp, developed by Tier1

Source : Valeo
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Example 7 : Hiphi and IMM

Hiphi & IM Motors

Hasco

Ethernet/CAN

Gateway/ bridge developed by Hasco — — Vehicle Electrical/Electronic Architecture —

» Deeply integrated into the

vehicle SOA architecture
SW developed by Hasco

+ Lighting Master is a local domain,
active/passive mode which could
be integrated to the global domain
of EE Architechture

+« Higher bandwidth with Ethernet

+ Compatible with ,old" EE
Architechture

Source:
Hasco, DVN Paris January 2023
IM Motors, EAC June 2022, Suzhou, China




Example 8 : Renault

Lighting zonal gateway

CAN FD and CAN FD light

CAONR

Source : DVN Paris, January 2023
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03 - Zone & Domain oriented architecture - Next vehicle architecture

for exterior lighting system
Lighting perimeter

»
«ante

PIU - PHYSICAL INTERFACE UNIT
« Power supply to lighting parts
ersal High Le vare for b igorithms

dard interfaces to lighting perimeter

LDC - LIGHTING ZONAL GATEWAY

« Basic har uppo tio
to PIU by CANFD and to ¢ parts vy SR8

SPECIFIC PARTS

27
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Example 9 : BMW

Promotion of Ethernet 10B-T1S for lighting

10BASE-T1S E?B — EXCELLENT FIT FOR BROAD RANGE OF APPLICATIONS

%)

CENTRALISED SOFTWARE A
FOR FUTURE INNOVATIVE AMB
ENABLED BY E2B 10BASE-T1S
BMW & ANALOG DEVICES
= 2 &) ) = ¢ @

PETER WILMS: BMW GROUP - K Frot R Keyless Ambient  Sh  Range Ut SubECU Int Project And many
3 X e R y ” - ronl ear ess mbien ort Ran: ge rasonics eqg. nterior rojector

FIONN HURLEY: ANALOG DEVIGES Headlights  Lights Entry Lighting Rad: Door/Seat Radar more.....

IEEE AUTOMOTIVE HHI:RNJEI 5( kP TECH DAY

Source : IEEE automotive Ethernet & IP tech day

28
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Benchmark tier1

MARELLI

Not a lot of communication in congress

nias;

Rear

voltage su,

Figure 1: Traditional approach. Both algorithms (software) and electronic drivers are
combined in a lamp ECU. We propose to separate these functions, with centralized algo-
rithms outside the lamps and drivers situated on PCB.

Source : ISAL 2022, Marelli presentation about ECU less strategy with CAN FD

ECU-Free Exterior Lighting:

Disruptive trend for vehicle E/E architecture with
focus on exterior lighting

R. Leute’, M. Schnerr’, H. Seibold", D. Petris, F. lannacone’®

IMarelli Automotive Lighting Reutlingen GmbH, Germany;
?Marelli Automotive Lighting Italy S.p.A.

Front&Grill

BCM/
m'l voltage supply LED PCB
CAN-FD
Power k HB
switch A Pixel
CAN Manager
LED PCB_| LB
» eopce | T
J o
CAN-
FD
LE %
— m D evelling]

Figure 2: ECU-free system view. High level functions are centralized. Components are
supplied by vehicle voltage supply. Control signals are exchanged via CAN FD.

29



Benchmark tier 2

elmos®

Solution with Gateway / bridge

Solution without Gateway / bridge
- UART over CAN, or
- CANFD

No MCU
2 MB bandwith

Source : DVN December 2020
News - EImos Semiconductor SE
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DISTRIBUTED VS. CENTRALIZED SYSTEMS: E522.48 AND E522.95 EImOS

=
o
o
<
o
g
%
3
S
&
pos
-]
>
©
o
e
ey
4
e
1
a2
©
@
&
>
@
=

DIRECT BCM CONTROL
OF REAR LAMPS

Introducing E522.95 through
collaborative innovation

Elmos E522.48, E522.95 family for Rear Lighting

Wide operating range of 5V up to 32V

16 channels @100mA allowing bundiing for high current
High LED current resolution (step size of 100uA)

10 bit internal PWM for high brightness resolution
Individual LED control using bus based communication
Onboard memory for configuration storage

‘Advanced thermal management using external resistor
Development compliant to 1SO26262 process.

LED open, short and system level diagnosis

Small footprint 6x6mm* QFN32L6 package

T

E522.48: Control via local ECU

cnn [T - 208

o L

»
’

E522.95: Direct control via BCM

ex Eimes ! Newsroom f Presseminiedungen

Elmos and Audi strengthen partnership for LED rear light control

ew IC enaties direct LED al

L B



https://www.elmos.com/english/about-elmos/newsroom/press-releases/news/elmos-and-audi-strengthen-partnership-for-led-rear-light-control.html
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Benchmark tier 2

devices
CI = *’a E
llght .o .". 1 ?mf
liIe.ougmen'red -- = YE m

':Hr

P
Body & Camfort HOAS - Astonmy

-

Solution without Gateway / bridge [S78K <)

No crystal oscillator Next-generation light design I

No MCU
1 MB bandwith

Rear Light

All lighting units are controlled by a

- single central unit with high computing
U power and a reliable standard
automotive high data-rate bus

m_ =1 - . U Light source driver system IC with

integrated bus interface, data handling,
power management, control, diagnostic
and thermal management

Rear Light
————--—Ea No ECU, no software in the lamp
Fully scalable, flexible customization and

- @ ready for Over-the-Air updates

[ E— - ﬁ;l] Simplifying vehicle architecture to
improve Total Ownership Costs

The Vision

Source : 17th international CAN conference &7 | @
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Benchmark tier 2
Ethernet 10B- T1S @Mlcnocmp OPEN

End Point concept between ethernet and LED IC

LU GO VY uwu segments (vs CAN limitation)
No SW diversity for OEM (handled in End Point)

Standard protocol

10 MB bandwith

Welcome sequences handled directly by video instead of excel file

Source : Automotive Ethernet Congress, Munich 22nd of March
NN

Matrix LEDs

32
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Benchmark tier 2

ANALOG

Ethernet 10B- T1S
eme DEVICES

E2B concept

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

ETHERNET TO THE EDGE BUS

No MCU

E2B10BASE-TIS
Solution

Conventional 10BASE-T1S
Solution

(G-

uC + Software Slack + PHY

E?B (hardware only)

10 MB bandwith
Remote control used to switch ON/Off leds

HPA/VCU will send LED driver specific command
OEM will have to handle SW diversity between LED IC supplier

Source : Analog Devices

Body
Oomain
Controller

Body
Domain
Controlier

Body
Domain
Controlier

Applicatios
Control

P

CAN(FD)

Appllca!la1 .
CAN(FD)
@ > Control @

DOMAIN

D)

Lqmm Board

@ Microcontroller/Software

V i
' |
H UART !
CAN(FD) ' over CAN Lignting Board '
' z I
' |
' |

........................................

i
Light Module |

All Hardware nghtlng Module W|th 10BASE-TISE2B

..........

| 10BASE-TISE2B (AD330x)

VIAKEJSLEEP

0BASE-TISPHY o
3 ma
pllp
f IR L] [ mac |fee | =2
alls]|®
A

Single device edge node solution

» All hardware lighting module
» All software centralised

Enables dynamic control of lighting

B Pgorts synchronlsatlon acrossthe
ful

thernet network
33
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Synthesis

Pros and Cons for each solution :

CAN — —
LIN

CAN FD
CAN FD light .
Uart over CAN *

Ethernet B —

Source : DVN Tokyo June 2022, Volvo cars presentation

Cost

Maximum number of segmentation / Bandwidth
Software upload possibilities

LED IC selection and limited LED IC possibilities for
some solutions

Gateway/bridge yes or No

Gateway/bridge Supplier possible limitation
MCU in lamp yes or no

Standard protocol yes or No

SW diversity for OEM yes or No

Pre-defined animation Yes or No
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Question of Bandwidth ?

ﬂechnology : \

LIN : 19 Kbps

CAN : 500 Kbps

Can FD light : 1 Mbps
Uart over CAN : 2 Mbps

Ethernet : 10 Mbps J
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Question of Bandwidth ?

Technology :

LIN : 19 Kbps

CAN : 500 Kbps

Can FD light : 1 Mbps
Uart over CAN : 2 Mbps
Ethernet : 10 Mbps

-

Requirement :
Refresh rate : 5 —50 ms = 20-200 Hz

Resolution (PWM step) : 6 bits — 10 bits

.

~

Number of leds (or segments) : 50 — 20,000

J
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Question of Bandwidth ?

Technology :

LIN : 19 Kbps

CAN : 500 Kbps

Can FD light: 1 Mbps Requirement :

Uart over CAN : 2 Mbps Refresh rate : 5—50 ms = 20-200 Hz

Ethernet : 10 Mbps Resolution (PWI\/I?E“\ =B bite A0 hite \

Number of leds (o

Needs :

* Best case : 20 x 6 x 50 = 6 Kps

* Worst case : 200 x 10 x 20000 = 40 Mbps

* Signaling with 200 segments, refresh rate 200 Hz,
resolution 10 bits (1024 steps) : 200 x 10 x 200 =400000

- J
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CONCLUSION

Same story again when CAN was in competition with other protocols in 1990’s
Good opportunity to talk in DVN workshop in Europe, Asia and USA

Do we need to talk ?

Do we need a standard protocol for lighting”?

Do we need specific protocol for front (ADB, HD) versus Rear ?

Do we need a unique one of different ones ?

Can we push Semiconductor industry to develop gateway and LED IC with these protocol ?
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CONCLUSION

Good opportunity to talk in DVN workshop in Europe, Asia and USA
Do we need to talk ?

Do we need a standard protocol for lighting?

Do we need specific protocol for front (ADB, HD) versus Rear ?

Do we need a unique one of different ones ?

Can we push Semiconductor industry to develop gateway and LED IC with
these protocol ?

Round table tomorrow on
the 30th of august :

* Melexis,

* Microchip,

* Flex-N-Gate,
* Rivian
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Thank you



