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Autonomous Driving System

ENABLING TECHNOLOGIES

Sensors

 Radar
 LIDAR
e Camera

Wireless connections
« 2/3/4G and coming 5G
- 802.11p DSRC

Automotive Ethernet
 BroadR-Reach, 100/ 1000 BASE-T

Navigation systems
Processors
Artificial Intelligence

High Definition Mapping

re
KEYSIGHT
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Signals froce GFS {gledal pasitioning system)
satelFres ane conbriced with readiags from

tachametens, altincters
and gyroscopes to provide
mare accurate pesitoning
thas 1 possibie with

GPS akane

I Under the bonnet

How a self-driving car works

Lidar (light detection and rangieg)

Serears bownce puises of tghtoff the

serrounzings. These 208 analysad 1o

\dertidy lane markngs and the
S @95 OF roads

Radae
anse

Uitrasandc sensors nay
D used Lo maasuee the
pesition of cajects vary
ceso to the voliche,
Such a§ curbs and ether
voliches whos parking
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M A processor

reads the data
\, vehicle behavior

Searce; Tae fopepoust

A laser sensor scans
360 degrees around the
vehicle for objects

and regulates

Radar measures
the speed of
vehicles ahead

A wheel-hub sensor
detects the number
of rotations to help
determine the car's
location

An orientation sensor
tracks the car's
motion and balance

Video comeras detect traffic lights,
read road siges, keep track of the
postition of other vwehicles and look
out for pedestriars and shstacles
on the rosd

The informaban fremall
ofthe sensors isanabpsed
by 2 centrak compestes that
reanipslates the steering,

aceedesator and beakes, Its
softwore must enderstand

the rules of the road, both
forrak and isformal

=

Fadar sensors moartor the posibon of other
vebicles nearbyy. Such sensars are already used
n adaptive Cruise-control systems



Autonomous Driving System

 |RADAR LIDAR

Used for .

Applications

Advantages

Limitations

KEYSIGHT
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Detection - distance (range) and
motion (velocity, angle) by radio
waveforms

Adaptive Cruise Control,
Automatic Emergency Braking
Systems, Blind Spot Detection,
Parking Assistance

Working in all environmental
conditions

Light weight

Longer detection distance than
LIDAR

Limited information of detected
obstacles
Lower resolution than LIDAR

Recognition, classification by
images

Traffic Sign Recognition, Land
Keep Systems, Parking
Assistance, Blind spot detection,
ACC, AEBS

Lower cost

Smaller sensor size
High resolution
Color recognition
Imaging processing

Various performance in some
environments (e.g. weather,

lighting)

360° 3D view by laser / light

Emergency Brake Assist for
Pedestrian, Crash Imminent
Braking, Mapping

High accuracy

High resolution

Intelligent signal processing
with large amount of captured
data

(still) expensive sensor
(still) big sensor size
Expensive and complicated
signal/data management
Affected by weather



Automotive Radar

APPLICATION EXAMPLES

Auto Emergency Blind Spot
Braking / Pre-
tensining Seatbelts

Monitoring

collisio
avoidance

Lane Change Real Collision

Assist Protection

Making Roads Safer with !

360 Degree Vision! \

Making Autonomous Driving
KEYSIGHT Possible!

N

Adaptive Cruise Stop & Go
s Control | Cruise Control
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Automotive Radar

MAJOR TECHNOLOGIES

* High Frequency and wide bandwidth millimeter wave (24, 77, and 79GHz)

* Modulation (FMCW)

* Antenna

« Automotive Ethernet / Serial Buses (BroadR-Reach, 100 BASE-T, CAN/CAN FD)
* Power Control (ETSI conformance specification, EN 302 264 for 79GHz)

e More

KEYSIGHT
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Automotive Radar Major Technologies

HIGH FREQUENCY & WIDE BANDWIDTH MILLIMETER WAVE (77/79 GH2Z)

* Benefits

Better spatial angular (smaller wavelength),
velocity (doppler), and range resolution

Higher range (up to 300 meter)
Smaller and lighter sensor

Rapid signal attenuation (better for interference),
improved interference mitigation

Higher attenuation per km - higher spectrum re-
use (sharing) scheme on the busy road

Better power efficiency (less emission power -
lower possibility of interference issue)

KEYSIGHT
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AV AV AV AV
[ !AR ‘ AR [ AR [ AR
Ag Ag A¢ A¢p
24 GHz 24/26 GHz 77 GHz 79 GHz
Narrow-Band UWB 5 GHz BW 1 GHz BW 4 GHz BW

BW 200MHz max

(ugm N

AY.i Velocity Axis = Doppler resolution of object distance is RF frequency dependant
Higher RF frequency enables better Doppler resolution

A(p : Angle Axis =>For a given aperture, the resolution increases with frequency.
Angular resolution depends on antenna aperture.

AR: Range Axis

\The smaller the cubic the better the radar performance ! -

Source: CEPT Report 37

Fig.1 Comparison of sensor performance showing key parameters
Angular resolution, Range resolution, Doppler resolution



Automotive Radar Major Technologies

HIGH FREQUENCY & WIDE BANDWIDTH MILLIMETER WAVE (77/79 GH2Z)

« Challenges
» Higher propagation loss

» Phase noise, IQ and frequency response errors
degrade

Repeatability
More noise to impact on EVM

Complex test set up

Generate and characterize accurate wide bandwidth
millimeter wave signals

KEYSIGHT
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Automotive Radar Major Technologies

MODULATION (FMCW)

* Benefits

Avoid high peak-to-average power ratio (PAPR) in
transmission

Simplifies the design process for antennas and RF
components (narrow-band IF processing)

Good performance with simplified RF components
- small size, light weight, and low cost.

Improved noise floor
Interference tolerance
Reduced RF intermodulation

Simpler / easier waveform to generate (compared to
very narrow, high power pulsed)

Constant high average power, without requiring high
peak powers, managed close-in blind-range issues
(always transmitting and receiving)

KEYSIGHT
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Received signal

Y

Transmitted signal

Low pass
filter

Baseband
signal
processing

FMCW
waveform
generator

Radar Echo Frequencies

Af — sweep bandwidth

o
o

] Qe®

o | Range Estimate
_ 2R i bes
C Af

T

|fb — beat frequency f TC
bis

= 2Af

Time

delay

: Ts — chirp sweep time

Fig.4 FMCW diagram and frequency detection



Automotive Radar Major Technologies

MODULATION (FMCW)

« Challenges

* FM Linearity modulation quality
Phase Noise and AM Noise of transmitter
RF leakage from Tx to Rx

Dealing with clutter from multiple undesirable
reflections between sensor and targets

Dealing with interference from other radar sensor
band users

Thermal Power Challenges

LFM Best-fit
Pk-Pk
Deviation (Hz)

B ot it

LFM

KI@A Peak (Hz)
FM Error Peak (Hz) = max( Measured FM — LFM Best-fit )

IéEI\‘%IL?GﬂI INL Best-fit (%) = [FM Error Peak (Hz) / LFM Best-fit Pk-Pk Deviation (Hz)] * 100



Keysight Automotive Radar Solutions

OVER WHOLE DESIGN AND TEST LIFECYCLE ‘ %

PXI Modular VSA/VSG/Digitizer
INetwork Analyzer

89600 VSA SW with
FMCW option E-Band Power Sensor and Meter

Anechoic Chamber

1 meter .‘i‘-‘i -
=

I

ES740A-070 E8267D PSG Vector Signal Studio for Signal Source PNA Network Analyzers Radar Target Simulator (RTS)
Performance SG Signal Generator Pulse Building Analyzer Banded mmW Solution

From Design Simulation, Wide Bandwidth mmWave Signal Generation &
KEYSIGHT . . .
Analysis, Precise Power and Component Measurements to Manufacturing Tests



Automotive Radar Design Simulation

MUSIC AOA SIMULATION

 MUSIC AoA

« Multiple Signal Classification,
algorithm used for frequency
estimation and emitter location

 High resolution digital
beamforming method with
sensor array is required

 Estimated by investigating the
phase difference by a time delay

KEYSIGHT
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Automotive RADAR Library MUSIC AOA Simulation

Keysight T y Example

Simulation Task

This workspace illustrates an Automotive Radar MUSIC AoA (Angle of
Arrival) measurement system using 66 phase array.

Workspace Description
+ Top level design
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Automotive Radar Design Simulation

LINEAR FMCW MULTI-TARGET DETECTION

* Using single tone of linear FMCW signal with B e
up-chirp and down-chirp with echo and beat T
frequency of every targets, users can simulate the
multi target detection and show them in range- e
velocity diagram. s

2 Beat Freuugncv

« Showing three targets detected and shown in
range-velocity diagram

Range-Velocity - —
Diagram

Range-Doppler Martrix

L' 197 (Peak): 744, 82, 4. 160e+05

» 1(Sample); 78.5;59.58, 1
3 (Sample): 1389,69.64,1

w2 (Sample):99:64,:79.98, 1

m197 (Peak): 744,82, 4.1666+05 Range .

KEYSIGHT
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Automotive Radar Design Simulation

MICRO-DOPPLER

» Using the micro-Doppler spectrum distribution to distinguish the targets from pedestrian or vehicle

» Pedestrian target has more sub parts like arm, leg, head, neck, and torso with different instantaneous
velocity

« The arms and legs move periodically in walking; the Doppler spectrum is changing periodically in time

[
Head 24

« A common scenario model with
* Pre-defined walking passenger
* Pre-defined running passenger
* Pre-defined moving car
« Custom scenario with customized trajectory

Micro-Doppler Spectrum

Automotive Radar Library Micro-Doppler Effect

Keysight Technologies SystemVue Example Viorkspace

I
J;}

User-Defined Micro-Doppler Spectrum :

« 10+ scatters for a walking passenger

« Accurate modeling for moving trajectory for each scatter — lem=r

* Reference radar data processing to identify micro-Doppler signature of the walking passenger

KEYSIGHT

TECHNOLOGIES



Automotive Radar Design Simulation

3D AUTOMOTIVE RADAR SCAN

. Needed target elevation angle information | — Sttt o
- Azimuth angle as well as range and velocity -_ e i e

distribution result

« 3D Automotive radar scan -

* Leveraging 2D scan system, additional elevation
region scan is needed

« With MN planer array, the spaces can be divided
Into azimuth, elevation, and angle grids to realize = :
and visualize 3D scan jus i | L

distribution result in

3D coordinate system

» Designers can obtain the various simulation results
In numeric, sliced 2D and 3D space distribution in
SystemVue

Creating 3D scan scenarios with platform and target position,

velocity, target RCS and more parameters, designers can

visualize the results in various traces and distribution plots.
KEYSIGHT

TECHNOLOGIES



Automotive Radar Simulation

FLEXIBLE AUTOMOTIVE RADAR SIGNAL GENERATION WITH SYSTEMVUE

AutomotiveRadar_SRC2
Waveform_type=Sawtooth
Amplitude=1 V
Period=5e-4 s
LowerFreq=10e3 Hz
DeltaFreq=40e3 Hz

AutomotiveRadar_SRC1
Waveform_type=Triangle
. Amplitude=1 V.

- Period=5e-4 s
- LowerFreq=10e3-Hz
DeltaFreq=40e3 Hz

teq_sen
AutomotiveRadar
Ccw

wavetcen_sur_

AutomotiveRadar_SRC3
Waveform_type=UserDefined
FreqUpTime=5e-4 s
FregDownTime=5e-4 s
FreqFixTime=5e-4 s
LowerFreq=10e3 Hz

freq ot
AutomotiveRadar
cw

wavetormm_ oL

DeltaFreq=40e3 Hz

i DS1_SawtoothFMCW_TimeDomain (Workspace: Au [ @ =] ]| &4 os1_Tna eDomain (Workspac [ I8 I[=R] | &3 0s1_TrapezoidalFMCW_TimeDomain (Workspace = |[=3 =]
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real{SawtoothFMCW_TimeDomain real(TriangleFMCW_TimeDomain) real(TrapezoidalFMCW_TimeDomain
{4 SawtoothFMCW._FreqvsTime (Worksg A =l (=] | -AT ; ' f | = | @ || 22 | | ‘24 TrapezoidalFMCW_FrequsTime (Worksp B fe o ===
ey SawtoothFMCW_FregvsTime oo TriangleFMCW_FreqgvsTime TrapezoidalFMCW_FreqgvsTime
_— 2 7\ 7\ /
¥ : —N, y— / X 7 5
1 7 # o / N / \ / A
z 7 / X 5 N \ Y X
T N N - Y
g =7 = g s / b g o ¢ \
= # : = e i i = s 2 \
P Ll \/ N\
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Time Time Time

SawtoothFMCW _FreqvsTime

— TrianglieFMC

W_FreqvsTime

- TrapezoidalFMCW_FreqvsTime

KEYSIGHT

TECHNOLOGIES

16



Automotive Radar Development

MILLIMETER WAVE TEST SET UP EXAMPLE

F
Mm 17 GHz Power
VCO Amp
Loop 71 GHz TX
AL File _"O B Filer Antenna
Ramp
Referean T

—— 0DS

T

Transmit
Control

P ( ) 771 GHz RX
Baseband Data :mﬂﬁ* Filler BP Filter @ Antenna

Mixer

KEYSIGHT

TECHNOLOGIES



Automotive Radar Development

MILLIMETER WAVE TEST SET UP EXAMPLE

A& mmW Signal Generation with simulated signals

SystemVue

mmWave Module

M8195A AWG N5183B MXG

N9041B DS0OS804

Ext IF Out

AlrArT

3 .‘"1_‘ :

§ A A AW

L )
3 ™
S | [ ]
S
ol |
Py 54
=
o
=
=

9 Q;‘g

| 10 MHzout

3 CH1
89600 VSA

KEYSIGHT mmW Signal Analysis

TECHNOLOGIES




Correlation

Automotive Radar Development

SIMULATION AND TEST RESULTS
« Two objects, 10 cm apart, FMCW, 1 GHz and 4 GHz modulation bandwidths

« Simulation result (left) and Measurement result (right)

§ Vector - Keysight 89600 VSA Software (64-bit)
File Edit Control Source Input MeasSetup Trace Markers Window  Utilities

Pl Tanr . i@, [@8- . %YM
Modulation BW: 4 GHz A Chl Spectrum

E@ EVectov - Keysight 89600 VSA Software (64-bit)

(7] File Edit Control Source Input MeasSetup Trace Markers Window Utilities

PO Uar- @i, il e kY IM. WA

Modulation BW: 1 GHz

0
‘ ‘
\’ i |
2000 “ ‘ ““ |‘ lilfilt i 2000
i ‘|\|‘
-4000 ““ -4000
i
[l N\
c
-6000 d ‘ & 6000
s
[2
-8000 ‘ S -8000
‘ ‘ \ \ | \‘ |
-10000 ‘ H‘ -10000
12000 f -12000
-14000 . 4 . - 2 -14000
18 185 1.9 1.95 2 205 21 215 22 18 185 19 195 2 205 21 215 22

Distance Distance

Markers

| mrree | ot one

| wreer | cat vone

Measurement running
Measurement running

KEYSIGHT
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Automotive Radar Development

FLEXIBLE AND COMPLEX MODULATION SIGNAL GENERATION

W1908 SystemVue Auto Radar Library N7608C Signal Studio

e 1 S BN SPOeOC ,....{ o (=55 o

—>8 it .

IQ Tools b e =

= > >3

Sawtooth FMCW —

<

Triangle FMCW Trapezoldal FMCW

-

S

Up Cernarte /\
Moe Specs /
7

Z

download waveform from System\

Key Features

- Download Radar FMCW signals from either: SystemVue, 1Q Tools,
Signal Studio, or others

- Generate ideal reference signals (replace Tx LO / VCO)
- Generate interferer, clutter, jamming test signals (Rx Test)

KEYSIGHT
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Parameters

E8740A-070
Performance SG

Frequency Range
Signal Bandwidth for IF/RF
3dB Bandwidth for mmwW

PoutldB

Amplitude flatness (at SMA connector,*
compensated for sin(x)/x)

Amplitude resolution

DAC resolution

AWG Sample rate

Sample Memory (Internal / extended)
Frequency Switching time

MIMO and beam forming

mmW Modulation signals

DC to 25GHz, 60GHz to 90GHz

IF/RF up to 25GHz

5GHz for FMCW @ 79GHz Fc (with
correction)
-14.6dBm@76GHz
-13.5dBm@79GHz
+2 dB (typ), fout=DC to 10 GHz
+2 dB, -3 dB (typ), fout =10 to 25 GHz (typ)

200uV (nom)
8Bit
13.44 GSals to 65GSa/s
1 MSa/16GSa
505us / 38ps (opt FSW)

Expandable to 16 synchronized channels

FM, PM, FMCW, pulse sequence, MFSK,
custom OFDM,......

*Measured at Data Out.



Automotive Radar Development

BENEFITS OF HIGH-SPEED ARBITRARY WAVEFORM GENERATOR

High Speed AWG functionality

Extremely wide modulation bandwidth (e.g. DC to 32
GHz)

Instantaneous frequency hopping
Overlapping pulses at different frequencies

Phase-coherent, multi-emitter,
multi-channel pulse generation

Repeatable phase from pulse-to-pulse and channel-to-
channel, perfect frequency ramps

Flexible modulation formats

No images or carrier feedthrough.
Flat magnitude- and phase response
(after calibration)

KEYSIGHT
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Benefit for Radar Testing

Discern targets that are close together
Finer resolution of a given object

Realistic simulation of multiple emitters that are
transmitting simultaneously

Economical setup to for testing multi-channel radar
receivers (e.g. DOA)

Repeatable test results

Develop new modulation schemes that are more tolerant
to interference

Testing your device and not the instrument!



Automotive Radar Development

OVERLAPPING PULSES AT DIFFERENT FREQUENCIES

- E=SEEY==)

= windows-eov37fu ( 10.114.5.99 ) - service mode - TightVNC Viewer
BREHED N S| WA oAl QQ & | &=

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help
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@ (250 ns/

-250 ns 00s

-

250 ns S00 ns
1.00018073 ps | (@ T

< Multi-Emitter Simulation

Display in MATLAB

__Download |

Center Frequency 0

Ampltude Cutoff 70

Apply Correction

Show dropped pulses
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998.18 ns
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Automotive Radar Development

FLEXIBLE MODULATION FORMATS

Modulation on Pulse |None - Modulation on Pulse |Barke

« Any mathematical expression
can be used to describe the
modulation on the pulse
including CW, FMCW, LFM
chirp, Barker, non-linear chirp, = tossteronmuee tneemee -
user-defined frequency- and
phase modulation

++++++

Modulation on Pulse User defined Modulation on Pulse |Userdefined

Freq. mod. formula cos(pi(x-1)) Freq. mod. formula sin(4*pi*x)

Phase mod. formula |0 Phase mod. formula |floor(x*8)*180

KEYSIGHT

TECHNOLOGIES



Automotive Radar Development

INDUSTRY’S MOST POWERFUL AUTOMOTIVE RADAR SIGNAL ANALYSIS

E8740A-060 Performance SA

Key Features Key Measurements
With N9041B UXA - RE Power
» Continuous Freqg sweep 3Hz~ 110GHz

« 5GHz BW (with external oscilloscope) _
* Up to 1GHz internal BW with adding opt H1G Phase Noise

« -150dBm/Hz DANL up to 110 GHz Frequency Stability
* Dual input rugged 2.4mm and 1mm connector Modulation Quality
* 50M RBW with adding opt H1G and opt RBE

« RF Power, Harmonic and spurious, Spectrum Emissions, OBW,
Frequency Stability

* Phase Noise with N9068C

* Noise Figure with N9069C and opt P50 at input port 1 (up to
50GHz)

With DSOS804A Scope and VSA s/w

* 10 Bit ADC up to 8GHz bandwidth with minimum resolution :
0.781 mV) 4x better resolution than RTO 8 bit ADC

* Analog/Digital I/Q input

Spectrum Emissions

3 Hz - 110 GH=z
Continuous sweeps

5 GHz BW (with
external oscilloscope)

Up to 1 GH=z
internal BW

-150 dBm/Hz DANL
up to 110 GHz

Dual input rugged
24 mm and 1 mm
connector

KEYSIGHT

TECHNOLOGIES



Automotive Radar Development

EFFECT OF SOFTWARE PRE-SELECTOR

& e : o

KEYSIGHT |Input RF2 Input Z: 50 Q #Atlen: 20 dB - Avg Type: Power (RMS) p KEYSIGHT |Input:RF2 Input Z: 50 O #Atten: =0 dB PNO: Fast #Avg Type: Power (RMS) Select Trace
Coupling: DC Comections: Off Preamp: 50.0 GHz Trig: Free Run Presel Center Y Scale T

L Coupling: DC Cormections: Off Preamp: 50.0 GHz Gate: Off Trig: Free Run
oo Align: Auto Freq Ref. Ext (S) pW Path: Standard Align: Auto Freq Ref: Ext (S) uW Path: Standard IF Gain: Low w Trace 1

w
NFE: Off 'Sig Track: Off nNonoN NN fPresel Adjust NFE: Off Sig Track: Off N NNNN
Attenuation Detector
1 Spectrum 0Hz 1 Spectrum

Normal
Scale/Div 10 dB Ref Level -20.00 dBm Internal Preamp Scale/Div 10 dB Ref Level -20.00 dBm orme
Full Range Average
on (LogiRMSY)

Math
il Peak

MW Path Control Trace
Standard Path Sample Function

Detector

spurious Software Preselection Normalize
Enabled

Disabled -
spuriois i Quasi Peak

Negative Peak

EMI Average
RMS Average

Detector Select
Auto
Man

Detector Auto
All Traces
Detector Average
Preset
Trace 1: Peak

Trace 2: Average
Trace 3: Neg Pk

Detector Sample
#Video BW 3.0 MHz" Span 110.0 GHz Center 55.01 GHz #Video BW 3.0 MHz* Span 110.0 GHz Eiesel

Sweep 440 ms (1001 pts] Res BW 3.0 MHz Sweep 440 ms (1001 pts] NN BIEEE]S
Trace 2: Sample

Oct 17, 2017 | 3 w ¥ o Oct 17, 2017 s 3 - :
8:57 PM | 5 [ 3] L% 'S "") (" - 45354 PM s o L*E‘ A% Trace 3: Neg Pk

FMCW spectrum without software pre-selector Observed FMCW signal and spectrum with software
pre-selector ON

KEYSIGHT
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Automotive Radar Development

FLEXIBLE FMCW SIGNAL ANALYSIS IN SPECTRUM & TIME DOMAINS

P
% FMCW Radar - Keysight 89600 VSA Software (64-bit) = | ]|
File Edit Control Source Input MeasSetup Trace Markers Window  Utilities Help L
- STl =l
89600 VSA Key Features: > - @ B - 55~ < i & ¥ {1 < B 50%]0%) corr o

A: Chl Acquisition Spectrum . B: Chl Acquisition Time | R: Chl FMCW Summary

« Automatically synchronize to
FMCW radar signals comprised of
multi-chirp linear FM modulation
patterns.

M: Chl Amplitude Meas Time  P: Chl Phase Meas Time hl Phase Error Time Lt Chl FMCW Histogram All Ref Regions Best-Fit FM INL I Chl FMCW Trend All Ref Regions Best-Fit FIM INL

* Synchronized
Amplitude & Phase

D: Chl FM Meas Time  E: Chl FM Ref Time  J: Chl FM Error Time  C: Chl FM Error Spectrum

* Synchronized

| 43 44 45 46 47 43 49
Frequency (FM) Modulation : / - / \ |
W S? 74 . 74
/ 43 44 45 46 ~SE

a7 48 49

«  FMCW Region Tabular metrics

H: Chl FM Slope Meas Time  Q: Chl FM Slope Ref Time K Chl FM Slepe Error Time  F: Chl FMCW Region Table ~  O: Chl FMOCW Current Record Statistics G: Chl FMCW Cumulative Statistics

* Power and Time —

. e Power PO Time  Time  BestFit  pranio, BestFit  BestFit [ho DM EMEnor  FMEmor Slope oo oPC
. - - rrar Error Error
° B eSt_ F' t F M Region £ Mean PSS Sun Length  FMMean [ FMslope FMINL [rr  o0%  RMS Peak Eror o0
9 (dBm) (sec) (sec) Hz) (Hz/ps) (%) (Hz) (Hz) RMS
(dBE) (Hz) (deg) (deg) (Hz/us) (Hz/ns)
O P h ase E rror 1 -78.26115 9.75138 k -37.1055 k
3 23675 m 2582766 125999 M -2.79998 M 3.489 m 1397k -4.396 k 9.20612 k -31.9603 k
° F M Er ror 1 7281 2285 24235m 454 -2097062 1260009 M 2.80002M 3465m 2058 424 151149k 4366k 971264k I1EL k
3 7692 2566 24775 m 454 219868 125999 M -279998 M 3.258 m 1805 -3.852 142715k  -4.104 k 9.42437 k -29.5183 k
1 7281 2278 2535 m 45p  -35561224 1260008 M 280002M 4181 m 2055 4220 158562k -5.268 k 9.90295 k -27.7605 k
o F M SI (@) p e Er ror 3 7693 2532 25875 m 454 -2537468 125099 M -279998 M 3666 m 1818 -3.973 14255k 4610k 972101 k 33.0268 k
1 738 23287 26435m 454 4407311 126001 M 280002M 376m 1998 4712 148536k 4736 k 9.69808 k -33.578 k
3 769 2555 26975 m 454 -2367863 125999M -279998M 4375m 1816 -3989 14391k 5512 k 997929 k 37.5663 k L
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Automotive Radar Manufacturing

SOLUTION
Frequency
Reference 17 GHz Power
VCo Amp
Loop 77 GHz TX
AL ' Filter ( ) BP Filter Antenna
Ramp [ (

Reference T T
—» 00§
Transmit
Control

LP ( :j' 77 GHz RY
Baseband Data :mﬂk Fiter BP Filer Anlenna

Mixer
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Introduction - Radar Target Simulator

HIGH FREQUENCY & WIDE BANDWIDTH MILLIMETER WAVE (77/79 GH2Z)

* How we understand the market today:

* Automotive radar is fast evolving, while the short-range-radars (SRR) are evolving from 24GHz to 79GHz,
there is also the long-range-radars (LRR) at 77GHz

* Some are not yet invested in 79GHz and have a huge 24GHz capacity, some are just getting into 24GHz
* Those investing into 77GHz LRR, are looking to maximize capital expenditure to 79GHz SRR

* But 77GHz required < 1GHz of bandwidth, and 79GHz is demanding for 4GHz bandwidth

* SRR required a lower simulated distance, as low as the RTS can go

* As we discussed with more manufacturing customers, it is apparent that more are leaning towards an
analog method of testing

* Regulatory requirements (eg. European Standards Organization (ETSI), and Federal Communications
Commission (FCC)) defining bandwidth, power levels, interference testing methods

* For bandwidth a full 4GHz sweep is expected vs interpolation

* Analog method was more direct in revealing DUT failures
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Introduction - Radar Target Simulation

BASICS

= Below, is a representation of a Radar unit functionality

Basic Functionality
1) Radar DUT signal is received

2) Signal is manipulated in the
Radar Target Simulator

= Now we replace the car with a Radar Target Simulator

3) Signal is then re-transmitted

Target

PIMASIOr back to the Radar DUT

1 meter min. physical distance

Time delay Range (Distance)
Doppler Frequency Shift Radial Velocity (Speed)
Attenuation Radar Cross Section (Object Size)
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Introduction - Radar Target Simulator

RADAR TARGET SIMULATOR (RTS) BENEFITS

E8708A

Radar Target Simulator

Wide simulated range coverage with minimum distance starting from 4m
4GHz Bandwidth support wide range of module without the need of changing center
frequency
Scalable for both Manufacturing and Verification test
=  Basic — Fixed range simulation (eg. 75m & 150m)
=  Comprehensive — Full range, RCS, Doppler & DUT Transmit Power
Reliable, accurate and repeatable performance
Ease of use GUI and APl where all parameters controllable in C++ & C# programming
environment
Designed, manufactured and supported by Keysight Technologies
World wide support, calibration and warranty
= Default 1 years factory warranty, optional 3 and 5 year warranty
= Optional upgrade with on-site calibration and support packages
CE and Safety certified

KEYSIGHT
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Key Product Specifications

Frequency Range
Instantaneous Bandwidth
Min. target distance

Max. target distance
Distance step

Doppler shift range

Transmit/Receive Gain Control
(object target size)
4m
300m

Spurious

Phase Noise

Max. Input Power

Recommended Input Power

Min. Input Power

Max. target distance

RF In to 'IF OUT 1' Conversion Loss

RF IN to 'IF OUT TO SA' Conversion
Loss

76 — 81 GHz

4 GHz

4 m (1m physical + 3m simulated)
300 m

0.1m

+/- 360km/h with 0.1km/h resolution
61.5 dB with 0.5 dB step

-32dBsm to 30dBsm (typical)
43dBsm to 105dBsm (typical)

-35dBc

-90dBc/Hz @ 10kHz

-13 dBm at RF In Flange
-20dBm at RF In Flange
-65dBm at RF In Flange
300 m

-5dB (typical)

+5dB (typical)



Keysight E8708A Radar Target Simulator

IMPROVEMENTS OF NEW SYSTEM
f - .
E8707A Radar Target Simulator I:I H E8708A Radar TarQEt Simulator e =y
76 GHz to 77 GHz with 1GHz BW === 76 GHz to 81 GHz with 4GHz BW 1
(User Supplied PC) - an | User supplied PC

10 MHz < i is opti
| 1 is optional now,
Coaxial Cable, BNC - SMA  REFIN 4 ‘ J Cﬁe - %big’l users can use the
{é 0 rus Built-in Doppler and Average & b RTS directly from
Coaxal Cable, T(LOIN | oo Power with Occupied BW 4 = P the unit itself
n B ; L’ Measurement s
10 MHz REF OUT RFOUT AC100-260V.
SMA - SMA ' e
50-60Hz
1
prestedIFport 6400940y,
| connection 50-60Hz

- i . L,L"E s G e
o 3fela b phci
é ===l L P_,‘ w
. . LAN Cable,
_ ) RJ45 =l =
N5183B Mixed Signal Generator —

(required, for Doppler Simulation) . .
Signal Analysis

(required, for further analysis of
signals eg. OBW, Power

-

e
I
3 X p "‘:.(

o
— = = o
e w8

AC 100-240V, Measurement) - 3
50-60Hz Signal Analysis
\_ Y, (optional, for in-depth analysis of
signal)

* New option! Built-in signal analyzer for Occupied Bandwidth Measurement and Power Measurement
* No need for external Signal Analyzer outside, only if customers need in-depth analysis of their DUT radar signal

* Doppler simulation included
* No need for external Signal Generator
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Introduction - Radar Target Simulator

IN-BUILT RF POWER MEASUREMENT (PRE-LIM)

* Built-in signal analyzer for Occupied Bandwidth Measurement and Power Measurement
» Below is a comparison between Keysight's N9000B CXA and the analyzer built into the RTS

KEYSIGHT

TECHNOLOGIES

Keysight N90O0O0OB CXA

[ Keymaht Spectrum Ansyaer - Occuped EW [E=mr =

Occupied Bandwidth Total Power -16.8 dBm
89.564 MHz

Transmit Freq Error -9.689 kHz % of OBW Power 99.00 %
100.4 MHz xdB -26.00 dB

000 GHz
AvglHold:>10110

Span 200 MHz|
#VBW 100 kHz Sweep 31.13 ms|

OBW = 89.564 MHz

Test Conditions

Test Signal Type : Linear FM Chirp 1GHz
Power Level : 0 dBm

Signal Source : Keysight ESG E4438C

Note: Preliminary results from the initial investigation

Keysight EB708A integrated SA

-60.00

Ref 0.000 dBm RBW 1.000000 MHz VBW 1.000000 MHz
Div 10.0 Atten Auto
-20.00
_ AN barManah st .
40.00 [y Ui UVU U Ul\
> 0

. )

-80.00

-100.00

47 AT AR
-8z aom

Occupied Bandwidth 90.625018 MHz
Total Power -16.653 dBm

Start 900.000000 MHzCenter 1.000000 GHz Stop 1.100000 GHz
Span 200.000000 MHz 640 pts in 32 ms

OBW = 90.625 MHz

SA Settings

Center Freq :1GHz
SPAN : 200 MHz
RBW : 100 kHz
VBW : 100 kHz




Introduction - Radar Target Simulator

IN-BUILT RF POWER MEASUREMENT (PRE-LIM)

* Built-in signal analyzer for Occupied Bandwidth Measurement and Power Measurement
» Below is a comparison between Keysight's N9000B CXA and the analyzer built into the RTS

KEYSIGHT
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Keysight N9000B CXA

[ Keysight Spectrum Anslyzer - Swept 54

Span 2.00000000 MHz ) Avg Type: Log-Pwr
PN ide

Ref 10.00 dBm

Full Span|

A
\|, Signal Track

bl i 1 il 1 ! U "1 (B mzzz)
Center 1.000000 GHz 00 MHz | Off|
#Res BW 30 kHz VBW 30 kHz Sweep 2.733 ms (1001 pts)

sTATUS

RF Power = -0.47 dB

Test Conditions
Test Signal Type : CW 1 GHz
Power Level : 0 dBm

Signal Source : Keysight ESG E4438C

Note: Preliminary results from the initial investigation

Keysight E8708A integrated SA

Ref 10.000 dBm RBW 30.000000 kHz VBW 30.000000 kHz

Div 10.0 Atten Auto i
Mkr11: 999995318 MHZ, -0.927 dBm
-10.00 \
-30.00
-50.00 J k
PO NP NN A2 g \‘\"’\’\—w/\/\«—/‘*-—'\r"‘
-70.00

90.00
Start 999.000000 MHzCenter 1.000000 GHz Stop 1.001000 GHz

Span 2.000000 MHz

RF Power = -0.93 dB

410 ptsin 15 ms

SA Settings

Center Freq :1 GHz
SPAN 12 MHz
RBW : 30 kHz
VBW : 30 kHz




Introduction - Radar Target Simulator

RADAR TARGET SIMULATOR (RTS) SETUP OVERVIEW

Minimum physical distance of 1m, minimizing space requirements
The RTS works standalone, or can be connected remotely via LAN for control or monitoring

Vertical Setup

Radar Target
Simulator

Anechoic
Chamber 1 meter

Radar
Sensor
DUT

Horizontal Setup

Sensor
DUT

Anechoic
Chamber

= 1 meter =—p

Target

Simulator e

KEYSIGHT
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-
Value Added Service

Keysight Calibration services, can automate
your chamber calibration, with measurement
uncertainty report within an hour!

Anechoic Chamber

™ RF Absorber

7

P
o %j)/;/ Vertical Setup
;15‘:'.




Introduction - Radar Target Simulator

USER INTERFACE AND SOFTWARE CONTROL

Bench Environment

Simalal

& (Sweep Time 122 ms {12800 pis)

Simple and Ease-of-Use GUI

Manufacturing Environment

Via LAN LAMN LAN 2
8=
I —"\

1 [ R ias it

1
- 1
1
1
l——p
direct peripheral

AR

Programming
Guide

Software APl supporting C++ & C# environment
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Keysight E8708A Radar Target Simulator

Description

+ DUT Tx Power & Occupied BW
Measurement

Performance
Features

Range Options + Doppler
* E8708A-DO01 Full Delay Module (4m to 300m) * +/-360 km/h with 0.1
* E8708A-D02 2 Fixed Ranges* km/h resolution
* E8708A-D03 3 Fixed Ranges* *  Built-In

* E8708A-D04 4 Fixed Ranges*™
* Fixed ranges are customer defined

Enable DUT Tx power
measurement (EIRP)
OBW measurement
Built-In

Additional Features

* Single or Dual Horn Antenna, 25dBi standard (optional 20dBi antenna available)

Options * Positioning Laser
* 1 Years Keysight Factory warranty with calibration certificate valid for 1 year
Support & Warranty | « Optional 1, 3 & 5 years contract

o Return to Keysight and onsite calibration

KEYSIGHT
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Automotive Radar Design and Test Lifecycle

SUMMARY

« Advanced automotive radar with millimeter frequency and wide bandwidth are now an

iIndispensable part of Advanced Driver Assistance Systems (ADAS) and autonomous driving
vehicles

» Growing demand of advanced technologies, such as 79GHz frequency with 4GHz modulation
bandwidth and micro-Doppler to detect and protect pedestrians, has led to new design and test
challenges

» Keysight Automotive Radar solutions from early design simulation through Research &
Development (R&D) and manufacturing to solve current and future automotive radar design and
test challenges
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Keysight Solutions

Signal Analysis Solution SO 24GHz T7I79GHz

24GHZ 77/79GHz

Signal Generation Solution

24GHz  76/79GHz ¥ ]

E8740A-060 ES740A-070
E8740A-040,050 Cfgformamfe - EEIEREE S
E8740A-010 E8740A-020,030 B D \de-open performance Wide-open performance
Radar RF SA Basic. Basic Plus SA Advanced, Advanced Plus SA ‘
. . H ) ) . Benchmark for demanding applications * 3Hzto110GHz * 60GHzto 90 GHz
Leading cost effective Optimum choice for Auto radar signal quality +  >5GHz BW for FMCW +  >5GHz3dBBW
Auto Radar RF test tool test « 10 Hzto26.5 GHz, 60 GHz to 90 GHz Quality analysis * FM, PM, FMCW, pulse sequence, MFSK,
* 10Hzto 26.5 GHz, 60 GHz * 60GHzto 90 GHz, e 2.5GHzBW, >5GHz BW (Advanced +) for FMCW Quality * DANL-171dBm/Hz@1GHz, customer OFDM
to 90 GHz e 2.5GHz BW, >5GHz BW (Basic +) for FMCW Quality analysis -150dBm/Hz up to 110GHz »  Linear FMCW Multi-Targets Detection,
e FMCW RF analysis analysis *  24mm,1mminput Automotive radar 3D Scan with systemVue
. . SystemVue
X-Series applications W1908 Auto radar library @
Ready-to-use RF measurements measurements I
Signal Studio
89600 VSA software ' N7608C Pulse/FCM/FMCW/MFSK signal
Comprehensive demodulation & vector signal analysis creation
FMCW Radar Generation Assistant
FMCW Radar Analysis Assistant E8742A-002 Easy U/I for Upconverter
E8742A-001 Easy U/l for Downconverter set up and FMCW analysis (VSA utility) sgt up, FMCV\_//FCM Szl creatlc.)rj L)
‘ wideband calibration (IQTools utility)




Keysight Solutions

ADDRESSING DESIGN AND MANUFACTURING FOR AUTOMOTIVE RADARS

Antennae

- P

Automotive Radar

Analyzer —

1 1

1 1

1 1

N5183B MXG : = :

| Verification & |

' Manufacturing Test !

: :

1 1

________________________________________________________________ | 1 1
————————————————————————————————————————————————————————————————— | 1 1
. DS0OS804 : : :

N9041B Signal Oscilloscope | : !

T 1 | |

| : !

1 1

1 1

1 1

1 1

1 1

RX
Antennae

- o - 1
| | o |
= s . = = 1
. D | - — |

Ext IF Out |_ |
|

|

|

|

|

|

|
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Automotive Radar Design and Test Lifecycle

FOR MORE INFORMATION

« Keysight Automotive & Energy website: www.keysigth.com/find/automotive

* Next Keysight Automotive Webinar Series
« Automotive Ethernet Applications and Test Challenges

« To Register: https://event.on24.com/wcc/r/1636543/5B1139C469759A34147F104DC4B66707
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Thank you!



