-
-
-
B

\§

"""'——Eﬁ-

LR L

T
mnmnm. f\ \




Radar

ECU Production Testing




Agenda

1 Introduction to Automotive Ethenret
= OPEN Alliance, Compliance testing

Trigger& Decode + EMI testing for Automotive Ethernet
= Daimler case study

1 Automotive Ethernet — 5 years into the future

ROHDE&SCHWARZ

Automotive

May 2019 Automotive Ethernet — Nik Dimitrakopoulos



Why Automotive Ethernet ?

I Higher data throughput is required for ADAS like rear view or
surround view camera systems

I Low latency is required for ADAS like for adaptive cruise
control etc.

1 Industry standards need to be integrated to save cost:
100BASE-T1 instead of MOST

I Reuse of TCP/IP in different application (flashing, camera,
smart antennas) helps to reduce complexity

I Ethernet standards like Audio Video-Bridging, Time Sensitive
Networks enable new applications

1 Unshielded Twisted Pair cabling to save cost Source: BMW

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos 5
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Automotive bus trends

Number of Bus Connections
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Example Audi A8

Audi A8
Al pilot: Vern g der Ak
Al traffic jam pilot: toplogy of the actuators Elektronische Fahrwerksplattform (EFP)
ot Safety-Computer — Electronic suspension platform

Eafety computer

Gateway

Kombiinstrument —
Instrument cluster
MMI-Navigationsdaten -
MMI navigation data

elektromechanischer
Bremskraftverstarker
Elpctromechanical brake booster

ESC-Aggregat
ESC control unit

Lenkungssteusrgerat N
Steering control unit |

g

rentrales
| Fahrerassistenzstevergerat (zFAS)

Motorsteuergerit i
Central driver assistance controller

Engine control unit

|8u6yc.omuu1er
Bady computer

Getriebasteuergerat!
Transmission contral unlt

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos
Automotive

148V +12V
network

1 ADAS controller
zFAS with 70W

2.3 km cable
54 kg

3000 contacts
9 relays

380 fuses

Source: Audi, Boardnet Congress 2018



Automotive Ethernet is everywhere

Radar Cannectivity Bus systems Infotainment
Ensuring radar performance from development to Testing confarmance-and parformances of eCall Debugging of bus systems such as automotive Validating multimedia, audio, antennz and
production VZX, LTE-V, WLAN and Bluetooth® Ethernet and CAN-FD navigation equipment

Radar sensor to ADAS

Backbone

100/1000BASE-T1 Connection to display,

antenna etc based on
100/1000BASE-T1- AVB etc.

Smart antennas have
1000BASE-T1

controller moves to
100/1000BASE-T1
Sensor fusion will use
10GBASE-T1

ROHDE&SCHWARZ May 2019

Aitomotive Automotive Ethernet — Nik Dimitrakopoulos 8



Radar + Automotive Ethernet

Radar MCUs Radar
Transceivers

Features

Vbat———»  Power Supply and Radar Processil
/a ng
CAN4 > CAN Interface  * Platform:

o B -
TJA1101 E — i prca =2 S

< ” FlexRay
Interface

" Automotive Qualified

" IEEE 100BASE-T1 compliant PHY transceiver

* OPEN Alli TC-10 liant sl ki
iance compliant sleep / wake up CPU Platiorm 9

" 15026262 ASIL-A

.

. £ 1 : | Single/Dual Connectivity, Memory,
Optimized for Automotive Usecases 12&:";2? y Eihernet <«—»  Safely & Securty
| 100BASE-T1 PHY

" Advanced Diagnostic Features

HVOEN34 (6mm x

Vehicle Interface

(ontinental %

Vehicle interface CAN, Flexray, Ethernet A host wake-up or unwakeble CAN transceiver module
Power consumption typ. 7 (W Power supply of 12 V on KL.15 (ignition), without optional
DSP.

0.6A at 12VDC

ARS4-A 77GHz
Long & Short Range Radar

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos
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What is the difference between 100BASE-T1 and 1000BASE-T1 ?
| 100BASE-T1 | 1000BASE-T1 |

Symbol rate 66.66 MHz 750 MHz
DUT clock 66.66 MHz 125 MHz
Coding PAM 3 PAM 3

IEEE PHY spec 802.3bp 802.3bw

OSl TCP/IP

15 nsec 1.33 nsec

7 Application Applications:
: FTP, HTTP,

6 Presentation SMTP...)
5 Session
4 Transport TCP
3 Network IP
2 Data Link Network Access

ROHDE&SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos 10
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Difference between 100BASE-Tx and 100BASE-T1

100BASE-Tx standard Ethernet 100BASE-T1 Automotive Ethernet

Slower rise time 3 levels not clear

Fast rise time 3 clear levels

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos 11
Automotive



Agenda

4> ROHDE&SCHWARZ | RT02064 - Oscillascops - 6GHz - 20 GSals

I How to measure it

Power

b

Prob Compensation Aucout

4 R Outget i 2

(T — N — £

=

1hi6
SIE0Y RS
200k

0
SEVMS

ROHDE&SCHWARZ
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From CAN to Automotive Ethernet

= CANalyzer

0sl_____|cAN

Application Application Protocol Test

Presentation

Session

Source: Vector

Transport

Protocol Errors, EMI
Debug, Latency, Timing

Network

Data Link DLL

Eye Test

= N W & O O N

Physical PHY

T

|
L S

ROHDE &SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos 13
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Quality Testing — Automotive Ethernet Spirent Automotive C50

CATRRRRRR R RN
[

oSl 100BASE-T1
— Protocol Test
Application

Applications: FTP,

Presentation HTTP, SMTP...)

Session

Transport TCP, UDP

Network IP

Data Link Network Access

. e ————————
Physical 100/100BASE-T1 - (1@ TonsmierOupe: Doop 6t

= IN|[WwW|A~|lO|O |

(K] Trans

Distortion (5.4.2)
g Jitter Mastermede (5.4.3)
Transmitter Timing Jitter Slavemode (5.4.3)

Transmitter Power Spectral Density (5.4.4)

Compliance Test et R&SRTO &

MDI Return Loss (8.2.2) R&S®ZND

MDI Mode Conversion Loss (96.8.2.2)

MDI Mode Conversion Loss Adaptor Verification (96.:

MDI Common Mode Emission (96.5.1.2)

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos 14
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OPEN

S————— Home About FAQ Members Tech Committees News & Events Contact Us
ALLIANCE

Tech Committees

TCA1 TC2 TC3 TC4 TCS5 TC6 TC7 TC8 TC9

TC10 TC11 TC12 TC13 TC14 TC15

TC15 group created for MultiGig Ethernet 2.5/5/10GBase-T1. /
Rohde & Schwarz is working closely with Open Alliance (contributor)

Automotive Ethernet ECU Test Specification

TO00BASE-T1 Ethernet Channel & Passive Components




TC8 ECU Test Spec coverage

OPEN Alliance
Automotive Ethernet ECU
1.2.1 Test Scope Automotive Ethernet e A
Scope Automotive Ethernet includes the following I1SO/0SI layers: Test SpElelcathn

e Layer 1: Physical Layer OPEN Alliance BroadR-Reach (OABR) TC8 ECU and Network Test
& lLayer 2: Data Link Layer, e.g IEEE Ethernet MAC + VLAN (802.1Q), ARP

1.2.2 Test Scope TCP/IP Protocol Family
Scope TCP/IP Protocol Family includes the following 1ISO/0S5I layers:
¢ lLayer 3: Network Layer, e.g. IP, ICMP

‘ s Layer 4: Transport Layer, e.g. UDP, TCP, DHCP ——— — ——_ ———

1.2.3 Test Scope Automotive Protocols A L L I A N C E

Scope Automotive Protocols includes the following 150/05SI layer:
e Layers 5-6-7: Application oriented layers, e.g. UDP-NM, SOME/IP, SD

—ae sppwent”

romise. Assured

ROHDE&SCHWARZ May 2019

Antorotice Automotive Ethernet — Nik Dimitrakopoulos 16



OPEN TC8 ECU Test Spec coverage Layer 1

1 Mandatory PMA test cases:
= Transmitter frequency,
= Transmitter timing jitter,
= MDI return loss,

MDI mode conversion OPEN Alliance
Automotive Ethernet ECU
1 Optional PMA test cases: Test Specification

- Transmitter output droop TCB ECL enq Newwanls st

= Transmitter Power Spectral Density (PSD) p
= MDI Common Mode emission O E N

» Transmitter Distortion — T ==
I TC8 PMA tests the Transmitter A L LV! o‘?‘ 2':]17 C E
. u
Receiver is tested on system level in Signal Quality Tests ?
ROHDE &SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos 17
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Rohde&Schwarz, Spirent and Technica offer complete TC8 test

R&S®ScopeSuite .
Automation Software Splrent
R&S®ZND Two-Port VNA
100/1000BASE-T1 TTsuite-OPEN
Automotive Ethernet Layers 2-7
Test Solution Conformance

R&S®RTO Oscilloscope

Test Solution
1.2.1 Test Scope Automotive Ethernet

»Scope Automotive Ethernet includes the following 1ISO/0SI layers:

%HDE&SCHWARZ

e Layer 1: Physical Layer OPEN Alliance BroadR-Reach (OABR)
s Layer 2: Data Link Layer, e.g IEEE Ethernet MAC + VLAN (802.1Q), ARP

1.2.2 Test Scope TCP/IP Protocol Family

Scope TCP/IP Protocol Family includes the following ISO/0SI layers:
* Layer 3: Network Layer, e.g. IP, ICMP
e layer 4: Transport Layer, e.g. UDP, TCP, DHCP

1.2.3 Test Scope Automotive Protocols
cope Automotive Protocols includes the following 1SO/0SI layer:
e Layers 5-6-7: Application oriented layers, e.g. UDP-NM, SOME/IP, SD

&

ROHDE&SCHWARZ . Nk D
. * Automotive May 2019 Automotive Ethernet — Nik Dimitrakopoulos 18



Built-in Compliance Test Software

-
S Pass-Fail results
Settings Compliance Tests
7 — Test Descripton Run  Resut  Deta
h -;-73- D i & Transmitter Output Droop (5.4.1) Output Droop 1 @ 272
e e — - ~ Teasrmnar Distomon SA) ] Transmitter Distortion No TX_TCLK No Disturber 1 QVJ 11/11
(] Transmitter Timing Jitter Mastermode (5.4.3) .
Qﬁ . T’E Transmitter Timing Jitter Slavemode (5.4.3) Transmitter Timing Ntter Mastermode A w 1
e o o & Transmitter Power Spectral Density (5.4.4) L Power Spectral Density i Q 011
‘ r: ﬁ & Transmitter Clock Frequency (5.4.5) Power Spectral Density 2 V] 11
Ragert et eeti33 MDI Return Loss (8.2.2) Transmitter Clock Frequency 1 V] 171
MDI Mode Conversion Loss (96.8.2.2)
UV MDI Mode Conversion Loss Adaptor Verification (96.
e MDI Common Mode Emission (96.5.1.2)
WO 10 COMPIINCE 1ests SeMhion 1reen

» Screenshot

* Measurement result
Pass-Fail result
Test summary

Test

Guided stéps Auto measurements

ROMDE S CHWARS May 2019  Automotive Ethemet — Nik Dimitrakopoulos 19
utomotive



100BASE-T1 and 1000BASE-T1 Compliance Test

e S—

Key Features

I Complete test solution from R&S (PHY)

1 Includes OEM required test cases

I Testis approved by UNH-IOL

1 IOL uses RTO + ZNB for all automotive Ethernet tests

Complete PHY Test Solution including VNA, function generator and test fixtures!

Decoding fixture SMA adapter for TD & Frequency converter
Compliance Test Sror Y RT-ZF7 Compliance RT-ZF7A RT-ZF3/6
fixture RT-ZF8 -8 = :

ROHDE&SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos 20

Automotive



ROHDE&SCHWARZ

R&S®RTO

R&S®ZND

Spirent C50

Technica
Golden
Device

Automotive

May 2019

TC8 complete solution (what does it look like?)

OPEN

ALLIANCE

Ethernet ECU

App“cation Test Specifications
- Test Tool Package
Presentation for LayeiSy

Session

R&S®ScopeSuite
Automation Software
R&S®ZND Two-Port VNA
100/1000BASE-T1
Automotive Ethernet Layers 2-7

Test Solution
R&S®RTO Oscilloscope

Network
Data Link
Physical

i
6
5
4  Transport
3
2
1

Conformance
Test Solution

ROHDE&SCHWARZ

B le=z2a | 2

Automotive Ethernet — Nik Dimitrakopoulos 21



First and only Automotive Ethernet Triggering and Decodin

08:59:38

2017-10-16
L ousrars:ni s ANETETET T i A ; EIH T T R e e

Horizontal
1

~10.452 ms|Data __|NM_Gateway.
~17.252 ms|Remote_|Ignition_Info
~15.472 ms|Data
~14.052 ms| Error

[sym]ﬂxSEAE 20.000, 0x618
7

Thex] 0x70 0x61 0XC3 0xCB

‘sme ‘Slarl ‘stnn

99wl 0=
4 3l 05| 576

- Ok 585ps|  9.989ps
~5.645 ms|Data
-9.094 ms\ Error =

i Zoom coupling Show details l@

[W Zoom coupling Show details

ROHDE&SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos 22
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100BASE-T1 Triggering and Decoding
Decode both data streams simultaneously

ROHDE&SCHWARZ May 2019

A : Automotive Ethernet — Nik Dimitrakopoulos 23
utomotive



100BASE-T1 Triggering and Decoding — make details visible

2017-10-16 4
09:00:31

Horizontal

D nation ource P
Address[MA ddress[MAC  Length

[ Zoom coupling

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos 24
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The status of EMC of automotive Ethernet today
BroadR-Reach DUT clock @66.7MHz

1000BASE-T1 DUT clock @125MHz

EMC of 100BASE-T1 has been proven in various vehicle
lines from different OEMs.

Also countermeasures for EMC critical routings of
100BASE-T1 links are available (see 201/ presentation)

TV & DAB

=
=
E
=
kA
5
2
a

As indicated in 2017 1000BASE-T1 has much higher
frequency bandwidth and therefore much more risks to
disturb further bands like FM, DAB&TV lll as well as TV IV /V.

Mercedes-Benz

Mercedes-Benz Dr. Stefan Buntz, Dr. Matthias Spagele | RD/FEQ 5

ROHDE&SCHWARZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos
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100BASE-T1 Triggering and Decoding
EMI Debugging of spurious communication errors

2017-12-04 4
15:31:04

Horizontal

Diagramz: €

SerBus 1 =

OBASE-T1

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos
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Probing the cable shows
overlay of both data streams

: (g o 1 O oM
@il B 2ok

RT-ZF5

Directional coupler separates &

enables decoding

ROHDE&SCHWARZ

A : May 2019 Automotive Ethernet — Nik Dimitrakopoulos
utomotive

27



Locate position of EMI faults

2012-10-31

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos 28
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5 Years into the future!

ROHDE&SCHWARZ May 2019

Automotive
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How about higher speeds

Comment

12 of the 16 largest
OEM plan introduction
by 2020

Name  |Datarate [Staws ___________|SOP

100BASE-T1 (prev. 100Mbps Completed Standard 2013
BroadR-Reach,
OABR)

1000BASE-T1 1Gbps Completed Standard 2020721

10BASE-T1S 10Mbps Taskforce at |EEE (first draft 20227 Additionally supports a
within 2017) bus topology
NGAUTO 2.5,5,10Gbps  Taskforce at IEEE ?

K. Matheus, BLIW AG, 31.1.2018, Automotive Ethernet Congress

HOHBE&SGHWAHZ May 2019 Automotive Ethernet — Nik Dimitrakopoulos




APPLICATIONS ARE BECOMING MORE COMPLEX.

Example: Parking support function

14 sensors

....... emrwsrrie oo e ennamnansssannnansnsnsnns massssmnsmssmsssnsannnnnnnnnn

Contr m Wﬂ!?arkmg
: o Automatically parks a car and
returns car when needed

_PDC Parkﬂm Gontrol
Gives audible and graphi
feedback on space behinc
front of car when parkin

Assistant
Automatically éteers,; otata
previously measured spc distance of 1,5xthe length of the
alongside. Driver has to car

accelerate and brake

Dr. Kirsten Matheus, BMW AG, Automofive Ethemet Congress, February 2017




Future Automotive Ethernet Standards

100BASE-T1 1000BASE-T1

Established & 2 PHYs released
On the road >2 PHYs in
development
SOP expected 2020

SPI clock 12MHz* 66.7 MHz 750 MHz
* Car%ilaz'?;\cl:lrl;l;r:posal RTO2004 RTO2024
**Broadcom proposal R-IZ-IF\’I(I)344 R'IZ'ZOD44

ROHDE&SCHWARZ

Avtorative May 2019 Automotive Ethernet — Nik Dimitrakopoulos

1.4/2.8/5.6 GHz
RTO2064
RTP084
ZND



Why MultiGig Ethernet? A
Important to know:

Image source: Ficosa

1 Some automotive 4G LTE modems implemented in the
TCU can operate at 300-400 Mbps

------- Is 1000BASE-T1 enough? ---------

$ 4 C-V2X g T-Box 3.0

HUAWEI (\@%— 201502 ¢ nsic
1 T-Box 3.0: DA2300 will support 5G speeds up to 1.6Gbps* 7 —

3GPP Rel. 14
Ti7#EE 1.6Gbps

+ EiFR T-Box 20165 Fifi , BB EaIA
o]
o CV2X, SGHER{EY

. . 4CC CA + 4x4 MIMO
*Maximum theoretical download speed

MO
Image source: Huawei Autonomous Vehicles Show Shanghai Sept 2018 2CC CA + 8x8 Ml gt L]
’ ghal Sep Du e gEEEBE

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos
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10GBASE-T1: Benefits
Sensor Fusion & Rich Data Drive Bandwidth To Multi-Gig

Cameras Sensor Fusion

Increasing resolution from Moving processing of

720p to 4K and improving o el data from sensors to a iy il gl
dynamic range Lt centralized GPU SR ERAE tetor

0,22 0,33 0,44 0,55 0,66 100 bps

0.33 0,50 0.66 0,83 1 X

0,44 0,66 0.88 1,11 1,33 2G - 8Gbps

0.50 0.75 1,00 1.24 1.49

0.66 1,00 1.33 1,66 1:99

1,00 1,49 3595 249 2,99

1,99 299 3.98 4,98 5,97
I 398 | 597 7.96 9,95 11,94

1008aseT1 | "0%PASE 1 Ethemet25 || Ethemet5 || Ethernet 10 Processing Uit
Gbps Gbps Gbps

No Use Case Available Speed grades which are currently discussed Radar, Lidar, Sonar

Multi-Gig Multi-Gig || Multi-Gig

IEEE Automotive Ethernet London: 0ct 2018 | AQUANTIA

ROHDE&SCHWARZ May 2019

: Automotive Ethernet — Nik Dimitrakopoulos
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10BASE-T1S: Benefits

Example: Ultrasonic and Short Range Radar

Ultrasonic
sensor unit

ECU 100BT1 ECU _ 100BTH
. Legacy PHY/ Side Radar
transceiver m SenSQniAL
Sensor Front Radar
I 10BASE-T1S PHY _E sensor unit
Legacy 10BASE-T1S
g 100BASETI s"'l‘j_‘l’;:
PHY
Sensor
Unit
Sensor
Unit
Benefits of 10BASE-T18
# PHYs 8 5 Fewer PHYs
# Connecters ECU 4 1 Fewer connectors and less
connector space on ECU
Cabling 4 cables 1 bus line Less cabling, extendability,
scalability
Bandwidth <10 Mbps 10 Mbps More bandwidth
Ethernet-based network no yes Seamless intagration into
overall Ethernet architecture
Gateways yes no Eliminates need to translate
messages
ROHDE&SCHWARZ

Automotive

May 2019

Automotive Ethernet — Nik Dimitrakopoulos

Source: Miller, Microchip, Oct 2018



Upcoming Vehicle Architecture with Domain Controllers, Ethernet
and Back-end Servers

Service & Diagnostics

ISO 13400

\ .
(( )) \' /\'\
MR N o

CAR 2 CAR

I AW
I

AUT ETHERNET

Body Domain

Gateway ECU
CAN FR LIN

Infotainment
Head Unit ECU

Powertrain
Domain ECU

ROHDE&SCHWARZ
Automotive

May 2019

Automotive Ethernet — Nik Dimitrakopoulos

+  Traffic Management
*  Police

* Real Time Traffic
Information

OEM'’s Back-End Server
Maps for Life



Camera topology with Automotive Ethernet

10GBASE-T1

2.5GBASE-T1
1000BASE-T1

ROHDE&SCHWARZ May 2019

Automotive

Automotive Ethernet — Nik Dimitrakopoulos



Domain
controllers

10GBASE-T1
— 2 .5GBASE-T1
Infotainment : i
(HMI & Telematics) ——— 1000BASE-T1
............ CAN

Powertrain

Body Electronics &
Security

Powertrain

%HDE&SGHWAHZ May 2019

ik o Automotive Ethernet — Nik Dimitrakopoulos



Domain controllers

Image source: NXP

Domain controllers:
Infotainment

Powertrain

(engine, brakes, gearbox)
Body electronics & security
(windows, wipers, car seat etc)
Radar

ROHDE&SCHWARZ

Automotive

Image source: Nvidia

Image source: Veoneer

May 2019

Mobileye Tech inside
Delphi’s Multi-Domain

Automotive Ethernet — Nik Dimitrakopoulos

/ a cip:
J \\ Mbiy-STEQS

Controller
Watioyewil add now software and hardare
into Delphis existing Automated Driving
Multi-Domain Controller. Here's a
breakdown of what's inside:
N - £l
2\
77
‘ DELPHI
MoBIEVE

Perception Module Automated Driving

Mobieya Vision, Fusion Realtime Planning Module

REw)

Systom on a chip with hord.

Image source: Delphi

/

Image source: Continental



What and how to test next generation ECU for ADAS

Automotive Power SMPS Power Example Nvidia Pegasus using RTO
Ethernet Integrity Measurements
8-16 CPU cores
+ GPU
5-10 TFLOPS
Boot timing = = 200-600 W TDP (SMPS)
Liquid cooling

DDR 3 Memory
DDR 3 RAM, 8 GB

- FLASH NVMe (PCle 3), 64 GB
PCle gen3 ' ; 100/1000/10GBASE-T1

CAN-FD
MIPI-DPHY

! L
SEOICHE| A i
- : a°@ 88 f
— i

ROHDE&SCHWARZ

Automotive

May 2019 Automotive Ethernet — Nik Dimitrakopoulos



