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OVERVIEW

» Vehicle safety functions
overview

» Introduction to Automotive
Radar

» R&S Radar Target Simulator
(AREGS800A) Base unit

» R&S CATR Chamber Test
Solution: ATS1500C

» Scenario-based Testing using
QAT100 Frontend

HiL and ViL Test solution

» Radome Testing using the
QAR/QAR50/QAR50-R
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Further digital services
e.g. from TIER1

VEHICLE ARCHITECTURE WITH .. 4
HIGH PERFORMANCE COMPUTERS &y
||

S

a/

——

? Road side unit Telematics control unit / Digital map server / '
~ Cellular V2X Intelligent antenna e.g. HERE ‘
X ~ 4G/ 5G = Broadcast TV / radio
~2)) = WiFi = Cellular V2X, 4G / 5G =
= eCall :
~5 “ OEM Back-end
2 - > Traffic information

= Parking information Automotive Test Solutions
Camera Sensor

Radar
Connectivity
Body domain co
Network Quality Analysis
Infotainment

Ethernet & Other In-Vehicle Networks

ECU / DCU Testing

EMC / Full-Vehicle Antiznia Testing

I
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R&S Automotive Overview

OUR PERCEPTION OF MARKET & TRENDS

The future mobility is

5 5 ® o

electrified connected automated shared cloud based

» The “Software Defined Vehicle” and the “Shift Left” require more integration efforts from OEMs

» The market for battery electric cars is developing faster then expected

— Inverters generate EMC challenges which are dependent on speed, torque, voltage, power, ...
— Wireless battery management systems are spreading fast
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» Automotive Test: Multi-step for multi-component functionality

Type of Test
Drive Test : Vehicle

Vehicle Level OTA Test

Chip Test ICT/FCT for ADAS chip, ECU chip, TCU chip
Device(s) Under Test (DUT)
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R&S AUTOMOTIVE TEST SOLUTIONS

Providing target
simulation and testing
signal quality including
interference, ensuring
radome and bumper
material quality

Supporting chip suppliers,
TIER1s, OEMs and
certification organizations

from R&D to production
including hardware-in-the-
loop test

Testing conformance and
performance of UWB, 5G,
C-V2X, eCall, GNSS,
WLAN, Bluetooth etc.

Ensuring robust
connectivity of the vehicle
to consumer electronics,
the cloud, network

infrastructure and other
road users

6 Rohde & Schwarz 5/31/2024

Testing audio and video
including compliance
across various broadcast
standards

Efficient testing of all
relevant broadcast
standards in R&D and
production

ECU/DCU +

Development of Ethernet
and other busses,
Domain Controllers
(DCUSs) and other
Electronic Control Units
(ECUs) and testing them
in production

Offering compliant test
solution for in-vehicle
networks and connectors,
one-box test systems for
DCU/ECU R&D and
functional test systems for
production

EMC / Antenna Test
—

Providing turnkey solutions,
including RF chambers,
test receivers, broadband
amplifiers, signal
generators, turn tables and
vehicle lifts.

Designing and delivering
systems to measure
antenna characteristics,
electromagnetic

susceptibility (EMS), o
immunity (EMI) nq <
coexistence N
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Test Solutions for eCall

Call
call

OUR SOLUTIONS FOR CONNECTIVITY TESTS

EN 16454:2015

eCall/ERA Conformance NGeCall Conformance GNSS Positioning

EU2017/79 Annex VI, UN-R 144

Audio quality testing

HEADacoustics ACQUA
(not available via R&S)

GOST R 55531/ GOST 33468
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D
Precise &
Repeatable

%?\m,{

Performance
optimized

EMC testing

€CALL IN EMC (SYSTEM UPGRADE)

V U
(awaiting UN ECE R10 Rev. 7 standard completion expected 2023)
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https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:39943,6259&cs=1E44A82591585811DF6BACD66BA2C859C
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2017.012.01.0044.01.ENG
https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:64791,6259&cs=1F70A482F3874AA515C34AB503BD792AF

C-V2X Test Solution

SCALE YOUR C-V2X INVESTMENT FROM LAB TO ROAD

In the Lab

VECTOR D>
CANoe .Car2x

EE :E

Simulated Cars

Device Under Test

TCU/OBU

Radio Communication Tester
R&S® CMW500

ENL SN
GNSS Satillites

Vector Signal Generator for GNSS
R&S® SMVB100B

VECTOR D>
CANoe .Car2x

Radio Communication Tester
R&S® CMW500

Amplifier
R&S® BBA150-Exxx

On the Track

%ﬁ%%

GNSS Satillites

Device Under Test

?—% ?‘i

Simulated Cars

Antenna
R&S® HFxxx Family LN
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C-V2X [ PC5 scanner prototype - measurement scenario

Sk (jéi))

Roadside unit (RSU)

mounted on a traffic light

P

Cars with PC5 communication module
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GNSS
LTE/5G ;%:;@

nodeB v GNSS is used for
synchronization

synchronization A
GNSS
antenna R&S®ROMES4
v’ Power
C-V2X / PC5 receive ) “; SINR
antenna (in-field) - 3,','”"4-'.--..{ e e Quality
ity 0 an v' V2XL2 Source ID

‘_

R&S®TSMx6 with C-V2X / PC5
Scanning capability
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ADAS/AD Test

HARDWARE-IN-THE-LOOP -

A COOPERATION WITH VECTOR

CANoe Test Sequencer +

Restbus Simulation

TREEY

Radar
Stimulation

jresen. . . 2

R&S®AREG800A and R&S®QAT100

10 Rohde & Schwarz
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CANoe Car2x

Simulated Cars
Radio Communication Tester
R&S® CMW500

GNSS Satillites

Vector Signal Generator for GNSS
R&S® SMVB100B

VECTOR >

Sem Y

GNSS+55/C-v2X
Stimulatien
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Solution

VEHICLE-IN-THE-LOOP ON THE TEST BED -
SYSTEM LEVEL TEST FOR ADAS+ECU

Environment Powertrain g T — GNSS+5G/V2X
Simulation Test Bed Simulation |

TP > Ae i
1/ A8 l§
A
. .."\! L
W ATRTR
. “I 1

Integration Platform +

‘| Vehicle Dynamics Model |

: Camera g £
Stimulation »
4

N
eall “*
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AUTOMOTIVE RADAR TEST

June 2024

A

9 @‘I

NISHANTH ONKARAPPA
Sr. Application Engineer, Automotive

ROHDE&SCHWARZ
Make ideas real
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AUTOMOTIVE
RADAR TEST

>

>

v

Introduction to Automotive
Radar

R&S Radar Target Simulator
(AREG) Base unit

R&S CATR Chamber Test
Solution: ATS1500C

Scenario-based Testing using
QAT100 Frontend

HiL and ViL Test solution

Radome Testing using the
QAR/QAR50/QAR50-R




R&S Solutions for Automotive Radar

AUTOMOTIVE RADAR FREQUENCY MAP
76-81 GHz GLOBALLY AVAILABLE

Power : :
A : !
| |
| Long-Range :
\  Radar :
|
: Short- :
| Range :
: Radar :
_ ! I Ultra-Short-Range Radar
- |
n Cabln.Re_ar ' I (Surround View)
Seat Monitoring : !
| __/ I
|
57 64 L7677 g1 | 134 141 GHz
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R&S® Solutions for Automotive Radar

RADAR BASED AUTONOMOUS DRIVING

PILAR OF AUTONOMOUS DRIVING

Ultrasound ¥ Connectivity

N 5
N . :
3 = - B
S Sensor

Fusion
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RADAR BASED AUTONOMOUS DRIVING

TEST INSTRUMENTS HARMONIZATION ALONG THE WHOLE TESTING LIFECYCLE PROVIDES A HIGHER
LEVEL OF TRACEABILITY

>
Workshop &
Component Development System Integration Homologation Production Periodical Test
Inspection

RF Radar Radar Radar ADAS Sub- ADAS Vehicle Module Vehicle Radar Radar End-of-Line Radar Functional
Interference Module Module(SW) Module System System EMC Test Approval Homolo- Module Module Vehicle
Test Calibration Functional System Test Functional Functional Test (e.g. gation (e.g. Calibration Functional Radar Test
Teston on Target Test Test Vehicle ETSI, FCC) NCAP)

Parameter System Test
Test

Module ADAS
Target Level Level Level

R&S®AREG mmW
remote Frontends
[ € ROWDEASCHWARZ _aTsisosc

. ) i}
Aritcrna Test System

i R&S®NRP8S(N)

R&S®AREG800A & AREG-P
R&S®ATS1500C R&S®SMW200A

Je

I
i <

R&S®QAT100
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R&S®AREG100A
AREG800A, & AREG-P

» AREG (Automotive Radar
Echo Generator) is a Radar
Target Simulator used for
generation of digital
(simulated) targets

» Radar Essential Tester
(RADEST): Upcoming RTS
from R&S (Stay tuned till
the end of PPT for more
info!)




R&S®AREG800A AUTOMOTIVE RADAR ECHO GENERATOR

APPLICATIONS AND SOLUTIONS - ALL IN ONE FOR AUTOMOTIVE RADAR TESTING

EOL Production Test and Calibration Research and Development

R&S®AREG800A and R&S®QAT100 R&S®AREGS800A and R&S®QAT100
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RADAR Production with AREG-P

AREG-P FIXED PRODUCT CONFIGURATION PACKAGES FOR
AUTOMOTIVE RADAR TIER1 PRODUCTION

Product type - based on |Product configuration - fixed package Product type - based on |Product configuration - fixed package
the AREG platform AREG platform
AREG-P1 1xBackend base unit AREG-P2 1xBackend base unit

2xDigital boards (2 channels with 1 target per channel,
1xDigital board (1 channel with 1 target per channel)
5 GHz bandwidth in IF (all the BW modes (1 GHz, 2
GHz and 5 GHz) available in the AREG for the channel
Al)

Near object range for FMCW radars (patented and
unique feature from R&S. Using this feature, all the

so 2 targets in total)

5 GHz bandwidth in IF (all the BW modes (1 GHz, 2
GHz and 5 GHz) available in the AREG for the channels
A1 and B1)

Near object range for FMCW radars (patented and
unique feature from R&S. Using this feature, all the

generated targets (1) ‘:_E"_‘ be gen.erated in the range: air generated targets (2) can be generated in the range: air
gap radar unde test(minimum distance) - gap radar unde test(minimum distance) -
350m(maximum distance)) 350m(maximum distance))

1 x mmW monostatic(suitable for testing MIMO 2 x mmW monostatic(suitable for testing MIMO
radars)/bistatic frontend (250 MHz, 4 GHz or 5 GHz radars)/bistatic frontend (250 MHz, 4 GHz or 5 GHz
bandwidth in RF) bandwidth in RF)

analog IF output interface analog IF output interface

RESSAREG-P3

RESEAREG#2

AAAAAAS
Ng

RASEAREG
mmiW frontend

/
AAAAAAS
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Yy
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Radar Signal

Radar Signal
R&S®AREG
mmW frontend

<
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/
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<

<

-

RESSAREG

RESEAREG
o rantend

f
\
MAAAAS AAAS
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RADAR Production with AREG-P

AREG-P FIXED PRODUCT CONFIGURATION PACKAGES FOR
AUTOMOTIVE RADAR TIER1 PRODUCTION

Parameters AREG-P1/-P2/-

P3 for
Production
Range Airgap - 350m
Range step size 1em
Range accuracy +5cm
Doppler range +500km/h
Doppler step size 0.05km/h
Doppler accuracy <0.05km/h
RCS range 90dB
RCS step size 0.1dB
RCS accuracy +2dB IF attenuation
accuracy

20 Rohde & Schwarz  May 2024

Object Description I

Range

Relative velocity

Direction of arrival
Aftenuation

RTS Parameters

R&S®AREG-P

I OSl Interface

R&S®AREG
mmW frontends

Ethernet, CAN, ...

@ TECHNOLOGIES

Compact Antenna
Test Range (CATR)

Direct Farfield (DFF)

R&S®ATS1500C

COMPANY RESTRIUTED



R&S® Solutions for Automotive Radar

R&S®AREG800A - UNIQUE FEATURES
/17 Bl *e )

Generation of Extremely short °
dynamic objects object distances Multiple independent
objects

= N

K

Synchronization of multiple
QATs and AREG800As

High instantaneous
bandwidth

| & @ L @
: = nn e oo .4 - °
C e @ ) L
@ 2 e Q
3 ] o Y
o e © & 9L e & O @
@ : . : -
° °
i ® & @ 9L 9 @ 9 @
O
o : . - -
o
)

.

Built-in real time Fully harmonized with Scalable solution
interface frontend
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R&S®AREG800A AUTOMOTIVE RADAR ECHO GENERATOR

FULLY HARMONIZED WITH THE FRONTENDS

1) AREG mmW Frontends
R&S®AREGS00A

Interface

R&S®AREGS-24S/D

R&S®AREGS-81s/D [ Ml "uv _
Fatal (T Ctrl.

Interface

2)
R&S®QAT100 IF

Interface
R&S®QAT100 MIMO

R&S®QAT100 SIMO _
RTC

Interface
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AREG800A- NEW FEATURE

DIGITAL SIMULATION OF RANGE AS CLOSE AS 0.50m

~Air-gap Radar 2m 4m 1 7m 3000m
[ I
i AREGS8-B9
>

i
| €
!

AREGS8-B63 + AREG8-B9

S

>
1
< QAT-BS + AREG8-B63 + AREGS8-B9 .
“Near Object Range feature for FMCW radars” - K814 + AREG8-B9
< >

* Near Object Range feature for FMCW radars
» K814 can be used for the combinations:
AREGS800A + mmW frontends and AREG800A + QAT100

23 Rohde & Schwarz  5/31/2024 COMPANY RESTRICTED



R&S®AREG800A ALLOWS EXTREMELY CLOSE OBJECT
DISTANCE FOR FMCW RADARS

FULLY DIGITAL IMPLEMENTATION. HYBRID OBJECT GENERATION IS STILL POSSIBLE

Up to 8 targets per channel
Minimum distance >= air gap value of the radar under test

Example below with a Tier 2 DUT

Doppler Heatmap

Velocity[m/s]

-
-
: 6 targets, 0.5-1.0m
-
-

/ Static reflections from setup o
- -

-
-. -

[
RRRRR [meter]
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CATR CHAMBER
(R&S ATS1500C)

» Compact Antenna Test
Range (indirect far-field)
chamber

v
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CATR REFLECTOR TRANSFORMS SPHERICAL FIELD TO
PLANAR WAVES, REDUCING TEST DISTANCE

Direct Far Field (DFF Indirect Far Field (IFF

Quiet zone typically smaller, require bigger test distance Quiet zone typically bigger, require smaller test distance
z Quiet Zone v v <
with radius R ,
Centre of £_> Range antenna
Quiet Z y erennmassseaaas X
uiet Zone Measurement g ST ... . Y reﬁectoi
_Antenna ' Q_ A
X 2 | T §
" .| 2D? Feed antenna =
 —s12m =
Range Length 17
ange Leng WA VAW

Indirect Far Field (IFF) =» Compact antenna test range (CATR):
Path loss ~ 0 between reflector &< DUT

QZ diameter = 25...50% of reflector (strongly depends on edge treatment !), cylindrical shape
CATR reflector is a bi-directional device

paK’
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R&S®ATS1500C CATR BASED AUTOMOTIVE RADAR CHAMBER
INTERIOR

State-of-the-art CATR Reflector

 Gold Plated
* @ 30cm quiet zone
* < 1um RMS surface roughness

High precision 3D tilt-tilt Positioner

* Azimuth: +/-180° Elevation: +/- 45° S8
« 0.03° Angular resolution 0.02° Std. Deviation §
» 120°s Max rotation speed

AREG Frontend as Feed Antenna

 Supports 77/79 GHz automotive radars
 Supports a full 5GHz bandwidth
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CATR REFLECTOR ERROR: SURFACE ROUGHNESS

.

Maximum Surface

Deviation
pmax = 0.007 A

28 GHz

77 GHz (A = 3.9 mm)

The R&S® reflector has a lum RMS
surface accuracy

5/31/2024 >
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R&S® Solutions for Automotive Radar

RADAR COMPLIANCE TESTING USING THE
ATS1500C AND AREG800A

ATS1500C

ATS1500C

FSW43/85 ___
Spectrum
Analyzer

Indirect far-field
with CATR reflector

SMW200A
Signal
Generator

-

AREG Target Simulator

AREGS800A
Target
Simulator

Echo Signal

))) Radar Signal

R&S CATR
Chamber for AUT
Radar
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CLIMATE OPTION ARC-TEMP

» Covering full automotive radar module temperature range -40 to 85°C

» Retrofittable on existing ATS1500C positioner: Rotation restricted to
+90° for outer and £15° for inner axes with ARC-TEMP installed

» DUT sizes up to @ 150 x 170 mm and @ 375 x 135 mm including fixture 'i'.
T —

» DUT weight up to 4 kg centered including fixture

» Thermal airstream system has to be separately

sourced (e.g. MPI ThermalAir TA-5000A)

» ARC-TEMP enables fully automated radar module
characterization and significantly reduces test time
compared to separate climate cabinet

—
- 3
-

-3
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SCENARIO BASED
TESTING USING 4%
THE AREG800A | .
WITH QAT100 o




R&S® Solutions for Automotive Radar

R&S®QAT100 UNIQUE FEATURES

_ (¢ jJD

Q Immune to 96 TX antennas N\/\
vibration

per frontend

No mechanical 4GHz instantaneous

¥ 8
— & i =
== i
Extre_mely short Scalable solution
distances
S +
{ > I
Azimuth and elevation Precise and Clean RF - no
simulation repeatable reflections from FE
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R&S® Solutions for Automotive Radar

R&S®QAT100 B11 AND B21 FRONTENDS

R&S®QAT100 with QAT-B11 (SIMO) frontend

1

R&S®QAT100 with QAT-B21 (MIMO) frontend

33 Rohde & Schwarz 5/31/2024

Aa = tan™?! (

a=2-tan” (

1 351mm
2-d

3,7mm)

©)) (a) (Aa)

500 mm 38,7° 0,42°
700 mm 28,1° 0,30°
1000 mm 19,9° 0,21°
1500 mm 13,34° 0,14°
2100 mm 10,0° 0,10°
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R&S® Solutions for Automotive Radar

EXEMPLARY DRIVING SCENARIOS

ADVANCED INSTRUMENT CONFIGURATIONS (e | )= *

Enables advanced NCAP, AEB, ACC and other
scenarios

- Simulation of targets moving in azimuth, range,
radial velocity and target size.

- Simultaneous stimulation of multiple radar
sensors.
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HARDWARE-IN-
THE-LOOP (HiL)

VEHICLE-IN-THE-
LOOP (ViL)

COMPANY RESTRICTED




HARDWARE-IN-THE-LOOP

PARTNERSHIP WITH VECTOR DYNA4 AND IPG CARMAKER.

Object Description II

Vehicle Range Closed-loop radar module

states 2 . . . . ..
Relative veloct validation using realistic road v
. ~ Direction of arrival
S Cbiect Simulation Attenuation scenarios or artificial test cases
data Environment )
Parameter Extraction
Open . .
Simulation Open Simulation Interface (OSI)

Interface (OSI
4 o5 ensures future-proof and smooth

software integration

IF and control \REGS00A
interface = 3 -_—
R&S®AREGS00A Vector CANoe for rest-bus

AT
simulation via CAN or Ethernet M

Object connectivity in real-time
list data 4

VECTOR D> gIPG

DDDDDDDDD E

Ethernet,
CAN ...

CAN signals from Restbus simulation
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RADAR & CAMERA HiL (SENSOR FUSION TEST)

IN PARTNERSHIP WITH IPG AUTOMOTIVE

ROHDE &SCHWARZ

Make ideas real

Add a Network Emulator (eg: R&S CMX500 OBT) to test Connectivity-in-the-loop (4G & 5G) along
with radar & camera sensor fusion test (XiL test)
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R&S Solutions for Automotive Radar

VEHICLE-IN-THE-LOOP TESTING BRINGS THE AVL 3
ROAD INTO THE LAB - PARTNERSHIP WITH AVL

Seamless
integration

Scalable AVL DRIVINGCUBE

solution

i iswn
Q heom = = s S G 7 i \ S= X h - A ——’< ><——

. . . J t 1 Y i\ " 3 <

Simulation environment f B RS B B e ) 3

' ' ‘r e e == e s i L
R 33 ¥ 1 ,/" jot “l> P V»}
P '3 =4 - \’ ||
—

and integration platform )
No mechanical Precise and

movement repeatable
® T E
(] mmme oo © |
o Real-time control M

o G800
_ Multiple R&S®AREGB00A Performance
independent L

. optimized

objects
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R&S Solutions for Automotive Radar

VEHICLE-IN-THE-LOOP DEMONSTRATION AVL 3

How to test ADAS/AD functions i ;._eﬂz
ready-to-drive vehicle
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RADOME TESTING
USING R&S
QAR50




RADOME, BUMPER AND EMBLEM

Bumper

@ Automotive radar without cover

Emblem

T et S N R T =

Car with front radar Automotive radar with Radome cover

Source: Google imagies
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R&S Solutions for Automotive Radar

MICROWAVE IMAGING SOLUTION FOR TESTING RADOME,
BUMPER OR RADAR MOUNTING ACCURACY

e

Design Emblem Bumper Cover / Sheet

R&S®QARS50

v Homogeneity v Transmission v Epsilon R
v Transmission v Reflection v S-Parameters
v’ Reflection v/ Homogeneity

-
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R&S® Solutions for Automotive Radar

N
A
QAR50 SETUP AND GUI |
Stand-up or lie-flat position possible.
Has two mm-wave clusters (antenna array) on
either ends.
Distance between the clusters is 1m and the
DUT/Sample is placed right in between the
antenna arrays. —
Clusters can be of two polarization- vertical or . Refiecton domerd
horizontal ]
Can measure the following parameters using the
QARS50:
- Transmission B
- Reflection
- Phase - e B
ﬁ E n E n IZ;:;i;t.u;;lTZZT.Z::I - P —
Moot || mbmez || mmest | rewe: sz || Pt | 7 ° e _ e « Nl
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R&S® Solutions for Automotive Radar

BUMPER MATERIAL TEST AS A SERVICE [ Boctiais

45 Rohde & Schwarz ~ 5/31/2024 COMPANY RESTRICTED



RADAR ESSENTIAL TESTER (RADEST)
FEATURES AND ADVANTAGES

N Test radar distance and
-—%—’—%—.—:»—- angular accuracy; also
o suitable for MIMO sensors

@) Simulate reflections from
=== different types of road users

Optionally extendable for
longer distances & velocity

Future proof due to 5 GHz
instantaneous bandwidth
C& Verify radar signal level

Rohde & Schwarz

Compact size, intuitive to use
for workshop employees

Compatible with multiple
models and makers

Battery powered device for
maximum flexibility

Temperature and dust
proof results

Outstanding value for
money proportion
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SUMMARY

» Vehicle safety functions require system
level test.

» Radar sensor is a key component of
safety functions.

» R&S Radar Target Simulator
(AREGB800A) Base unit for radar
functional test.

» R&S CATR Chamber Test Solution:
ATS1500C for radar calibration.

» Scenario-based Testing using QAT100
Frontend for controlled functional test.

» HiL and ViL Test solution for sub-
system and system level tests. : , SER e
» Radar “transparency” test with the [ ,. 7] _F_ l
QAR/QAR50/QAR50-R Bt/ 1% 'n- --7"'"'"‘
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AUT Radar o 3

Q&A
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