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Our Expectations Are Growing: The Car Industry
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Pace of Innovation is Accelerating

LAST 20+ YEARS
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Innovations Through Multiple Technology Domains

Radar Collision
Avoidance

Electronic Stability
Control Module

Climate Control System

Infotainment/Navigation

Modules (DVD, eCalls, Hands

Free Telephony, GPS)

Anti brake Locking system

Tire Pressure Monitoring system

Emission Control Module
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Hybrid Electric Vehicle
(HEV) / Electric Vehicle (EV)

Power Steering Control
Rear-view camera
Backup sensors

Power Seat Control

Personnel Occupancy
Detection Systems (PODS)
for Air Bag systems

Remote Keyless Entry

Instrument Clusters

Fuel Injection Module
Power Train &
Engine Management
(MiL, SiL, HiL)

Adaptive Lightning Control



Evolution of Sensors in Vehicles

A

Mechanical Designs Assisted Driving
Starting in 1976 Starting in 1997

» Basic electronics
* Mostly mechanical

Electronic safety systems
Integrated electronics
Electric control units
Infotainment

* No connectivity
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Autonomous
Coming Next

« Sensor fusions

< Autonomous processing
 Auto-charging technologies
 Multi-connectivity
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Technology Requirements Keep Advancing

MORE ELECTRONICS, MORE EFFICIENCY, MORE SENSORS

Electronics

 Better diagnostics
* Automotive Ethernet
* |Infotainment
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Batteries

* Longer range
 Higher densities
* More eco-friendly

Connectivity

* More information
- Better safety
- Easier navigation

@

Sensors

* Electro-mechanical
* Driver vision
* More autonomy
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Automotive Radar Design and Test Lifecycle Webinar
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Automotive Market & Innovation Drivers

Environment Connection /

1.23M +50% CO, NOx Convenience
Road Deaths Emission In Vehicle

S S~ ””""””.‘f‘;“*\\\\\w
s/ RF/

Wireles Wireless /
Power/

mmWave / Erar _- Digital /
Digital gy ‘

Autonomous Driving & e-Mobility
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I Under the bonnet

How a self-driving car works

Signals from GPS (global positioning system) Lidar (tight detection and ranging)
ined with readings from se ight off the

Autonomous Driving System

ENABLING TECHNOLOGIES

 Sensors
 Radar

T TECHNOLOGIES
e Camera

Wireless connections S W i enane
« 2/3/4G and coming 5G
& 80211p DSRC gkt J

vehicles ahead.

Awheel-hub sensor
detects the number

¢ A u to I I I Ot I Ve Eth e rn et ﬁ:cirslet:tea‘clta’?’: — of rotations to help
motion and balance. determine the car's
location.

 BroadR-Reach, 100/ 1000 BASE-T

Navigation systems

Processors

Artificial Intelligence
 High Definition Mapping

° re
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Autonomous Driving System

 |RADAR LIDAR

Used for .

Applications

Advantages

Limitations
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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 trend and test requirement
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Automotive Radar

ENABLING TECHNOLOGIES & TEST CHALLENGES

Technologies Applications Challenges

Higher frequency 24GHz, 77GHz, 79GHz, 122GHz Generate and characterize accurate mmWave
signals
Wider Modulation 100MHz, 500MHz, 1GHz, 2GHz, Generate and analysis accurate wideband signals
Bandwidth 4GHz, and beyond
Complex Pulse FMCW, Pulse Analyse modulation qualities and characterize phase
Modulation and noise
Phase noise
Power control e.g. ETSI conformance specification, Validate both wanted power levels and unwanted
EN 302 264 for 79GHz emissions
In-Vehicle Ethernet BroadR-Reach Verify protocol decode/trigger, eye-diagram mask

Optical buses testing, and physical layer compliance

KEYSIGHT
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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 | «\ -» iy
360 Degree Vision! \ \"\

N

Adaptive Cruise Stop & Go
s Control | Cruise Control

Making Autonomous Driving
KEYSIGHT Possible!
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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)
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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

‘Reference Signal

— ——

“Received Signal . -
Lo - |_‘“q
i
' llll.ll' m it 1P
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Automotive Radar Major Technologies

MODULATION (FMCW)

Received signal

* 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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Af — sweep bandwidth

Y

Low pass
filter

Baseband
signal
processing

FMCW
waveform
Transmitted signal generator
Radar Echo Frequencies
............................................................. / Range Estimate
/
’ 2R fpTs
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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

1At
w Be°
\F AP Deviation (Hz)

Wr Peak (Hz)
FM Error Peak (Hz) = max( Measured FM — LFM Best-fit )

IT(EEI\‘%IL?(;'TEI INL Best-fit (%) = [FM Error Peak (Hz) / LFM Best-fit Pk-Pk Deviation (Hz)] * 100



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
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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
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Automo

Simulation Task

tive Radar Phase Difference AoA

=]

Workspace Description
 Toplevel design
=
‘SystemVue 2017 Alpha
File Edit View Schematic Action Tools Window Help
@65 i | & Ba @ S¢ BEH >-# [0
eld] euEm ke Q r @l
= ] Notel = = 314941 o= =
By E BrEre = 31,4041 Current Library:
@ AutometiveRadar MUSICAOA - i [Automotive RADAR Parts =)
523 Designs 8 ‘Catewv: |
- Beatfrg (Model) . . . . £ a <All> =
£ Design (Schematic Automotive RADAR Library MUSIC AOA Simulation e 5@
% Designl Analysis (Design1) [No ) Keysight T ies Sy Example 2 Fiter By:
4 Designl Analysis_Designl_Binary| | dutter
4 Designl Analysis_Designl_CFAR_| . . e 0
-] Designt Analysis Designl Dsta ( Simulation Task - Name Description
- ] Notel . e Elke AutomotiveRADAR _Clu...  Automotiv..,
£ This workspace illustrates an Automotive Radar MUSIC AoA (Angle of ] Bl AutomoliveR ADAR,_Cl... Autonot
B 3140m > . 60 4020 © 20 40 80 £ AutomotiveRADAR Clu... Radar dut.,
1424805 Arrival) measurement system using 676 phase array. 25 AutomotiveRADAR Clu... Radar ct,,
% Equationl ~A S AutomotiveRADAR_Clu... Radar dut.
Terget Space Distribution Workspace Description o = 0=l
42.4805
+ Top level design 8
3
The workspace consists of three layers =3
=
> Designl |
El
s
2 0
-60-40 20 0 20 40 80
|| | B Target Space Distribution = =
Target Space Distribution
s
3
z - @ radal f‘[ﬂ C egr g @; é,
[£4] PariList £, Equations | & cters 0 40 [
ci] PariList [ schematic | £ Eauations | BB Parameters | q i »
[ [ _Tye | Error I Location I >>
1 [ [
[E3 Clear Al Errors ] Show Graph and Table Errors (0) M
hl LI} * | | Errors | Simulation Log | Compilation Log | Equation Debug . m » | Part Selecto...| Warkspac Design Vari...
Ready CAP NUM SCRL



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

1}
Be Bt Yow S

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

Q>
e &

, ”””".'
|

Micro-Doppler Spectrum

Automotive Radar Library Micro-Doppler Effect

Keysight Technologies SystemVue Example Viorkspace

“* *3 !

User-Defined Micro-Doppler Spectrum :

» 10+ scatters for a walking passenger

 Accurate modeling for moving trajectory for each scatter —

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

KEYSIGHT
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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
cw

AutomotiveRadar_SRC1
Waveform_type=Triangle
. Amplitude=1 V.

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

teq_sen
AutomotiveRadar
Ccw

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
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Automotive Radar Simulation

AUTOMOTIVE FAST CHIRP SIGNAL GENERATION & TRANSMISSION
Interferer Radar
e

Signal Generation
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Automotive Radar Development

MILLIMETER WAVE TEST SET UP EXAMPLE

A& mmW Signal Generation with simulated signals

SystemVue

Antenna

M8195A AWG N5183B MXG

mmWave Module

N9041B DS0S804

Ext IF Out

pLE
o) Eal L)

9 _0;‘3

A & A1

| 10MHzout

= CRCRT e Antenna
- CH1
89600 VSA

KEYSIGHT mmW Signal Analysis
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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

-2000

-4000

-6000

-8000

Modulation BW: 1 GHz

-10000

12000 f

-14000

1.8

185 19 195 2 205 21 215 22
Distance
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Correlation

Modulation BW: 4 GHz

-2000

-4000

-6000

-8000

-10000

-12000

-14000

18 185 19 195 2 205 21 215 22
Distance

Pl Tane

A Chl Spectrum

o<

= R 5

W

M- v M

Markers

Measurement running

| wreer | cat vone

Pl U

Measurement running

E Vector - Keysight 89600 VSA Software (54-bit)
Eile Edit Control Source Input MeasSetup Trace Markers Window Utilities

Q. Qa-

Rk

M

im

| mrree | ot one




Automotive Radar Development

FLEXIBLE AND COMPLEX MODULATION SIGNAL GENERATION

s R D e’

W1908 SystemVue Auto Radar Library

N7608C Signal Studio

Triangle FMCW

Key Features

Download Radar FMCW signals from either: SystemVue, IQ Tools,

Download waveform from SystemVue

Signal Studio, or others

Parameters

E8740A-070
Performance SG

Generate ideal reference signals (replace Tx LO / VCO)

Generate interferer, clutter, jamming test signals (Rx Test)

KEYSIGHT
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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
GH2z)

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
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Automotive Radar Development

File Control Setup Display Irigger Measure Math Analyze Utilities | Denkos| Help
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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
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Automotive Radar Development

INDUSTRY’S MOST POWERFUL AUTOMOTIVE RADAR SIGNAL ANALYSIS

E8740A-060 Performance SA
Key Features Key Measurements

With N9041B UXA  RF Power v,
« Continuous Freq sweep 3Hz~ 110GHz ’
« 5GHz BW (with external oscilloscope)
* Up to 1GHz internal BW with adding opt H1G
» -150dBm/Hz DANL up to 110 GHz
* Dual input rugged 2.4mm and 1mm connector
« 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
Phase Noise
Frequency Stability
Modulation Quality

3 Hz - 110 GH=z
Continuous sweeps

5 GHz BW (with
external oscilloscope)

Up to 1 GHz
internal BW

-150 dBm/Hz DANL
up to 110 GH=z

Dual input rugged
2.4 mm and 1 mm
connector

KEYSIGHT
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Automotive Radar Development

NEXT BEST ALTERNATIVE FOR DANL AND DYNAMIC RANGE

Displayed Average Noise Level (DANL)

Up to ~25 dB better than next best alternative

-120 Next 85
Best

-125 Alternative <

-130
"l\"j" 67 e Automotive
T -1356 $ Area Of
— o Interest
= -0 = (77-81 GHz)
% -145 67 + Preamp o
~— 1
E:ﬁ&*——— ——— A — AT - - == — e — — — —A
g - Keysight’s N9041B DANL Performance
O =1
o o

-165

170 - -

60 70 80 20 100 110
Frequency Range (GHz)

KEYSIGHT
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P1 dB to DANL Dynamic Range

Up to ~20 dB better than next best alternative

Dynamic Range (dB)

Keysight’'s N9041B Dynamic Range

150 dr — Pe =l — = = == = = = hme = = e = = = o — — —
s Automotive
= Area Of
5 Interest
= (77-81 GHz)
135 Next™>
Best _
130 Alternative | e
85
125 . _
67 + Preamp on
120
115
110
105
100
50 50 70 80 20 100 110

Frequency Range (GHZz)




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
[} 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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E8740A Automotive Radar Signal Analysis and
Generation Solution

>5GHZ BW & UP TO 110GHZ SIGNAL ANALYSIS AND GENERATION

KEYSIGHT

EEEEEEEEEEEE



Introducing E8740A Automotive Radar Solution

INDUSTRY’S UNIQUE >5GHZ UP TO 11M0GHZ SIGNAL ANALYSIS AND FLEXIBLE SIGNAL
GENERATION

Signal Analysis Solution SO 24GHz T7I79GHz

24CH Signal Generation Solution

24GHz  76/79GHz 18

E8740A-060 ES740A-070
E8740A-040,050 a‘.?:f ormancfe . Performance SG
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,
*  10Hzto26.5 GHz, 60 GHz e 2.5GHzBW, >5GHz BW (Advanced +) for FMCW Quality bRl aEich s customer OFDM
t0 90 GHz « 60 GHzto 90 GHz, analysis -150dBm/Hz up to 110GHz *  Linear FMCW Multi-Targets Detection,
e FMCW RF analysis »  2.5GHz BW, >5GHz BW (Basic +) for FMCW Quality *  2.4mm,1mminput Automotive radar 3D Scan with systemVue
analysis
. . [ ] SystemVue

X-Series applications AW 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, FMCW/FCM signal creatpp and 7

wideband calibration (IQTools utility)




The New N9041B UXA Signal Analyzer, 110 GHz

“SEE THE WHOLE PICTURE” TO 110 GHZ

3 Hz-110 GHz
Continuous sweeps

5 GHZ BW (With } :, leVSIGg MT‘[“R:‘,
external oscilloscope) ——

Up to 1 GHz
internal BW

-150 dBm/Hz DANL
up to 110 GHz

Dual input rugged
2.4 mm and 1 mm
connector

KEYSIGHT

TECHNOLOGIES

89600 VSA

KEYSIGHT  UXA Signal Analyzer

« » (HT § 2




Infinlium S-Series

THE NEW STANDARD FOR SUPERIOR MEASUREMENTS

* Industry’s Best Signal Integrity
 10-Bit ADC
4X More Resolution vs 8-Bit Scopes

B 65 nm CMOS ADC with
B 130 nm Bi-CMOS buffer IC

Traditional Scope S Series ADC |
« 8 bits of vertical resolution 10 bits of vertical resolution
. 28=2560Q levels « 210=1024 Q levels
o) o
0
3.125 mV { o OF 0.781mV

Minimum resolution
@ 800 mV full screen

KEYSIGHT

TECHNOLOGIES



S-Series for RF Measurements

< P
<] = n
2 s Q
. S
_J = fe) )
v o ) )
QO 5 < o
= S %
@ S >
. o
@) o
:H: -
1 PXA
160 MHz
160 MHz 1GHz 8 GHz 13 GHz 32 GHz ... 63 GHz
_ BW BW BW BW BW BW
RF Signal Spectral Bandwidth
KEYSIGHT E8740A Automotive Radar Signal Analysis and Generation solution

TECHNOLOGIES
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Automotive Radar — Signal Analysis - Modulation

89601B VSA OPTION BHP - FMCW RADAR ANALYSIS

2 Vector - Keysight 83600 VSA Software (64-bit) =R X
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help
Key Featu resl B (]| [ A B Iy & i EIME 50% 0% ColorMNorma

A: Chl Gate Spectrum B: Ch1 M.

« Supports over 40 Keysight

measurement platforms including
« X-Series Signal Analyzers
* Infiniium Oscilloscopes
* Modular digitizers

« Solution is bandwidth scalable
« Signal Record / Playback support
« Visualize dynamic signal time and frequency 'f- _-:.__.‘_:;__.__»_{
characteristics using displays : e
* RF Spectrum

* Spectrogram

* Persistence
Cumulative History

GHz
9854 MHz

KEYSIGHT

For more information: www.keysight.com/find/89601B and 8960718 Opt BHP - EMCW Radar Analysis



http://www.keysight.com/find/89601B
http://www.keysight.com/en/pd-2497350-pn-89601B/fmcw-radar-analysis

FMCW Analysis in Spectrum & Time Domains

2 FMCW Radar - Keysight 89600 VSA Software (64-bit) =HRCN X
Key Features: Fe B Gl Sae Tpw Mescup T Mol Windae Ui e
B [T @ &)= SE- b R W [ (M- |50 %0 % | Color Normal

A: Chl Acquisition Spectrum | B: Chl Acquisition Time S50 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  M: Chl Phase Error Time L Chl FMCW Histogram All Ref Regions Best-Fit FM INL h1 FMCW Trend All Ref Regions Best-Fit FM INL

) Synchromzed ;\/"\ B e T B e | e e |
Amplitude & Phase =

43 44 45 46 47 48 49 50

Chl FM Ref Time  J: Chl FM Error Time  C: Chl FM Error Spectrum

- Synchronized
Frequency (FM) Modulation =

. FMCW Reg|0n Tabular metl‘iCS 9 H: Chl FM Slope Meas Time  Q: Chl FM Slope Ref Time  K: Chl FM Slope Error Time  F: Chl FMCW Region Table *  O: Chl FMCW Current Record Statistics  G: Chl FMCW Cumulative Statistics - X
. Power Best-Fit Phase  Phase M FM Slope
- POW er an d T| me Ref Power oMbl Time  Time  BestRit  oro's Bestfit BestFit % ("% FMEwar  FMEror Slope [ ”
Region Mean Start Length  FM Mean FM Slope  FMINL RMS Peak Error
. Region pmp P e fed  (H) Dev Heips) (6 e Peak (Hz) RMs  Peak
- Best-Fit FM (dB) (Hz) (deg)  (deg) (Harsy | (FE/HE]
1 -28.26115 126.0009 M 975138 k -371055k -
- P h ase Er ror 4 3 7692 2538 23675m 45y -2582766 125999 M -2.79998 M 3489m 1788 -3895 1397k 4396k 9.20612 k -31.9603 k
45 1 7281 2285 24225m 45y 2007062 1260009 M 280002 M 3465m 2058  -424 151140k 4366k 071264k 31822k
o F M E rror 16 3 7692 2566 24775m 45y 219868 125099M -279998 M 3258 m 1805 3852 142715k  -4.104 k 0.42437 k -20.5183 k
4 1 7281 2278 2535m 45y -3561224 1260008 M 280002 M 4181m 2055 -4229 158562k -5.268k 9.90295 k -27.7605 k
. F M Sl o} p e Er ror 43 3 7603 2532 25875m 45y -25.37468 125099M -279998 M 3666 m 1818 3973 14255k 4619k 972101k 330268k
49 1 728 2287 26425m 45p 4402311 126001M 2B0002M 376m 1998 -4212 148526k 4736k 969808 k -33578 k
50 3 769 2555 26975m 45p 2367863 125999 M -279998 M 4.375m 1816 -3989 143591k 5512k 997920k 37.5663 k -

KEYSIGHT
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FMCW Analysis Statistics

Key Features:

- View statistical performance data for
all supported result metrics using
- Histograms =

- Trend Lines =

- Select specific modulation regions to
analyse in detail using time
synchronized trace overlays : =

- FM Measured (red)
- FM Reference (blue)
- FM Error ( )

- Similarly examine chirp rates: =
- FM Slope Measured
- FM Slope Reference
- FM Slope Error

KEYSIGHT

TECHNOLOGIES

2% FMCW Radar - Keysight 89600 VSA Software (64-bit)

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help
SN O &)= i B1EE- - b u[W] [ M- P[50 % 0% | Color Nomal

.. B: Chl FMCW Histogram All Ref Regions FM Max

A: Chl FMCW Histogram Ref Region 1 FM Error Peak

Linkag

D: Chl FM Meas Time  E: Chl FM Ref Time 1 Chl FM Error Time  C: Chl FM Error Spectrum

Rng
100

1 2
// \
.WFM‘WAWWM«M ww-m.ﬂw“wwW’ ”“'WW"""V“‘*I'W\W

/‘/ \\

H: Chl FM Slope Meas Time  Q:Chl FM Slope Ref Time * A K: Chl FM Slope Error Time Bt Chl FMCW Region Table  O: Chl FMCW Current Record Statistics G: Chl FMCW Cumulative Statistics
1 2
e T O e e P T e e Sy Al e e A e RO e it M SIS SR A S oo

1 [




FMCW Assistant Utility

E8742A-001 FMCW Radar Analysis Assistant E8742A-002 FMCW Radar Generation Assistant

Easy U/l for Upconverter set up, FMCW/FCM signal creation and wideband calibration

Easy U/l for Downconverter set up and FMCW analysis (VSA utility)

KEYSIGHT

TECHNOLOGIES

(IQTools utility)

P Meas1 - FMCW Radar Assistant ? X i
EMCW Radar Assistant * FMCW Automative Radar Generation Demo with IQTools -
Vector m=
Measurement Setup: | Vector . Vector FMcw
rFrequency and acquisition Lenght ——— rracw Basic IF Waveform M8195A AWG Up Converter [CIsymmetrical Chirp
Center- Span: FMCW Complete Sample Rate = 64 GSa/s Ampiitude(V) 0.075 HBUC1206-79 Center Frequency(Hz) 79e9
Center Freq(Hz) 4e9
79 GHz 13 GHz
1QConfig Mixer S Bandwidth(Hz) 4e9
Acquisition Length: | 100 ps View Waveform 0
—_— Marker (CH4) Pulse width (sec) 4
~External Mixer Setting LlApply Correction Elouput (CH1) i
LO VISA Address: View Correction = Min Image Separation 409
External Mixer Selection: | M1971E Mixer ~ M1971E Mixer 4 Nuenber of oulees
; ; NO020ANV12 x6
~M1971E Mixer Setting LO Source
Mea + tha N9020AV12 x12 20e-6  Burst Penodisec)
Vieasurement Channel Frequency(Hz) 18.75e9
EB257D
IF Cable Loss: 0.26 dB Amoltude(dBm) 10 S E S
1{ | =t Calibrate System
Model: VISA Adar se 43 4
i
Serial Number: GPIB1::19.INSTR = - 9 RLOCieioee Generate Waveform
Number of Mixers: 2B VDI Mixer damage safety guide! O Test £40utput
= Rt o N Proview Stop Generation
- o - Press OK button to continue.
~MNS029AY12 Mixer
Mixer Conversion Loss
Conversion Loss File:
Mixer Cable Loss
Cable Loss File:



Automotive Radar Signal Analysis

E8740A-060 PERFORMANCE SA

Key Features

With N9041B UXA
» Continuous Freq sweep 3Hz~ 110GHz
« 5GHz BW (with external oscilloscope)
* Up to 1GHz internal BW with adding opt H1G
* -150dBm/Hz DANL up to 110 GHz
* Dual input rugged 2.4mm and 1mm connector
« 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
Key Measurements

* RF Power

* Spectrum Emissions
* Phase Noise

* Frequency Stability
* Modulation Quality

KEYSIGHT

TECHNOLOGIES



Automotive Radar Signal Analysis

E8740A-050 ADVANCED PLUS SA

AV KEYSIGHT  MEOSS0UA thus gt Omtecre 40 38 40 406

Key Features

With N9020B MXA and N9029AV12
* 24GHz radar test with opt CR3 for 410MHz BW (with external
oscilloscope)
* 77GHz and 79GHz radar test for >5GHz BW

» Freq trigger mask triggering with N9067C pulse application and VSA s/w
with opt B85~B1X, FT1/FT2

+ 50M RBW with opt B85,B1A and B1X and opt RBE

With DSOS604A 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
* Modulation Quality, FMCW analysis with VSA opt BHP, Linearity ,......

Key Measurements

* RF Power

* Spectrum Emissions
* Phase Noise

* Frequency Stability
* Modulation Quality

KEYSIGHT

TECHNOLOGIES



Automotive Radar Signal Analysis

E8740A-040 ADVANCED SA

Key Features

With N9020B MXA and M1971E
* 24GHz radar test with opt CR3 for 410MHz BW (with external
oscilloscope)
* 77GHz and 79GHz radar test for 2.5GHz BW

* Freq trigger mask triggering with N9067C pulse application and VSA s/w
with opt B85~B1X, FT1/FT2

+ 50M RBW with opt B85,B1A and B1X and opt RBE

With DSOS604A 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
* Modulation Quality, FMCW analysis with VSA opt BHP, Linearity ,......

Key Measurements

* RF Power

* Spectrum Emissions
* Phase Noise

* Frequency Stability
* Modulation Quality

KEYSIGHT
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Automotive Radar Signal Analysis

E8740A-030 BASIC PLUS SA

Key Features

* Lower Cost and Simpler Setup
* Asimple user interface to provide confidence in measurement

AV KEYSIGHT  MSOSSO0LA Muet s Onitranen $e 10Giis 500 40C

With DSOS604A and N9029AV12
« Continuous Freq sweep 60~90GHz with N9029AV12
* >5GHz BW thru AUX port of M1971E
* -135dBm/Hz DANL@E-band with N9029AV12

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

* RF Power, Harmonic and spurious, Spectrum Emissions, OBW

* Phase Noise

* Analog/Digital I/Q input

* Modulation Quality, FMCW analysis with VSA opt BHP, Linearity ,......

Key Measurements
* RF Power
* Spectrum Emissions
* Phase Noise
* Frequency Stability
* Modulation Quality

KEYSIGHT

TECHNOLOGIES



Automotive Radar Signal Analysis

E8740A-020 BASIC SA

Key Features

* Lower Cost and Simpler Setup

* Expand to simultaneous 2 channel analysis with 2 M1971E mixers at
same frequency

* Asimple user interface to provide confidence in measurement

AV KEYSIGHT  MSOSBOMA s Sgns Ovibescopn 850 388

With DSOS604A and M1971E
« Continuous Freq sweep 60~90GHz with M1971E
« 2.5GHz BW thru AUX port of M1971E
« -139dBm/Hz DANL@E-band with M1971E dual conversion mode

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

* RF Power, Harmonic and spurious, Spectrum Emissions, OBW

* Phase Noise

* Analog/Digital I/Q input

* Modulation Quality, FMCW analysis with VSA opt BHP, Linearity ,......

Key Measurements

* RF Power
* Frequency Stability
* Modulation Quality

KEYSIGHT
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Automotive Radar Signal Analysis

E8740A-010 RADAR RF SA

Key Features
With N9020B MXA and M1971E
« Continuous Freq sweep 3Hz~ 26.5GHz, 60~90GHz with M1971E
« 85MHz internal BW with opt B85 (upgradable to 160MHz with B1X)
* Phase noise@1GHz(10kHz offset) -114dBc/Hz
+ -166dBm/Hz DANL@1GHz, -139dBm/Hz DANL@E-band with M1971E
+ 50M RBW with opt B85,B1A and B1X and opt RBE

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

* Phase Noise with N9068C
* Noise Figure with N9069C and opt P50

Key Measurements
* RF Power
« Spectrum Emissions (up to 26.5GHz)

KEYSIGHT
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Signal Analysis Solution Spec comparison

AUTOMOTIVE RADAR SIGNAL ANALYSIS

Optimal for
Radar
Application

Frequency
Range

Analysis BW

DANL/Noise
Floor

KEYSIGHT

TECHNOLOGIES

RADAR RF

RF test.

In-band RF
measurements for

transmitter systems.

3Hz ~ 26.5GHz,
60GHz ~ 90GHz

-165 dBm/Hz at 1 GHz

-139 dBm/Hz at 77 GHz,

typical

BASIC

RF test(FFT) and

FMCW signal Quality.

In-band
measurements for
transmitter systems.

~6GHz, 60GHz ~
90GHz

2.5 GHz(3dB BW)
using M1971E AUX path
mode with Scope

(Noise Floor)

-126 dBm/Hz at 76~81
GHz

(using M1971E AUX path
mode with DSO scope)

BASIC +

RF test(FFT) and
FMCW signal Quality

In-band
measurements for
transmitter systems.

~6GHz, 60GHz ~
90GHz

3.5 GHz(3dB BW)

*Measurement
bandwidth can be
extended to 5 GHz with
correction.

(Noise Floor)

-135 dBm/Hz at 76~81
GHz

ADVANCED

RF test and FMCW
signal Quality
In-band
measurements for
transmitter systems.

3Hz ~ 26.5GHz,
60GHz ~ 90GHz

2.5 GHz(3dB BW)

using M1971E AUX path
mode with Scope

N9020B (DANL)

-166 dBm/Hz at 1 GHz
-139 dBm/Hz at 76 GHz
DSOS604A (Noise floor)
-126 dBm/Hz at 76~81
GHz

ADVANCED +

RF test and FMCW
signal Quality

In-band
measurements for
transmitter systems.

3Hz ~ 26.5GHz,
60GHz ~ 90GHz

3.5 GHz(3dB BW)
*Measurement
bandwidth can be
extended to 5 GHz with
correction.

N9020B (DANL)

-166 dBm/Hz at 1 GHz
-140 dBm/Hz at 76 GHz
DSOS604A (Noise Floor)
-135 dBm/Hz at 76 GHz

PERFORMANCE

RF test and FMCW
signal Quality
In-band
measurements &
Out-of-band
measurements SEM,
ACLR

3Hz~ 110GHz

1GHz(Integrated)
> 5 GHz (w Scope)

DANL -174 dBm 20
MHz~3.6 GHz (Preamp
On with Opt NF2),

-149 dBm 55 GHz to 70
GHz

-144 dBm 70 GHz to 82
GHz



R gmmrom
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89600 VSA

CHOOSE WITH TEST CONDITIONS OF FREQUENCY & BANDWIDTH

Flexible connectivity of 89600 VSA

Frequency

110G

UXA N9041B

26.5

L 25G ‘ >5G
KEYSIGHT _ M1971E Smart Mixer

TECHNOLOGIES

e N9029AV12 mmWave Freq Extender

Bandwidth .

age

52



Automotive Radar Signal Generation

FLEXIBLE AND COMPLEX MODULATION SIGNAL GENERATION

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 GSa/s to 65GSals
1 MSa/ 16GSa
505us / 38ps (opt FSW)

Expandable to 16 synchronized channels

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

*Measured at Data Out.

KEYSIGHT

TECHNOLOGIES

W1908 SystemVue Auto Radar Library

N7608C Signal Studio

Download waveform from SystemVue

Key Features

Download Radar FMCW signals from either:
SystemVue, or other

IQ Tools, Signal Studio,

Generate ideal reference signals (replace Tx LO/VCO)

Generate interferer, clutter, jamming test signals (Rx Test)



Summary

E8740A AUTOMOTIVE SIGNAL ANALYSIS AND GENERATION SOLUTION

* Industry’s unique >5GHz bandwidth up to 110GHz Automotive radar signal analysis and flexible radar signal
generation solutions for full frequency range and bandwidth testing of 24, 77, 79Ghz and upcoming
automotive radar.

« The UXA X-Series signal analyzer, which covers 3 Hz to 110 GHz in a continuous sweep. You can test 79

GHz radar signals for compliance with ETSI spurious specs using a single instrument:

+ Internally, the UXA has a maximum analysis bandwidth of 1 GHz. To achieve a 5 GHz analysis bandwidth, simply connect an external oscilloscope to the IF input.
* Great sensitivity and dynamic range ensure better SNR: DANL is =150 dBm up to 110 GHz.
» The Keysight 89600 VSA software enables detailed analysis of modulation characteristics with maximum analysis bandwidth of 4 GHz.

« The M8195A high-speed arbitrary waveform generator (AWG) can produce signals with wide modulation
bandwidth (> 4 GHz) with flexible modulation formats.

» The Keysight SystemVue Automotive Radar Library (W1908) enables you to easily generate a variety of
FMCW waveforms and scenarios using the M8195A AWG

» Easy interoperation with the 89600 VSA software ensures consistency throughout the design process
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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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Automotive Radar Manufacturing

RADAR TARGET SIMULATOR (RTS) BASIC FUNCTIONALITY

R ol m Basic Functionality

adar

(DUT) =F @ 0 1) Radar DUT signal is
received

2) Signal is manipulated in the
Radar Target Simulator

- g Radar 3) Signal is then re-transmitted

[ back to the Radar DUT

Simulator

(DuT) =R

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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Automotive Radar Manufacturing

RADAR TARGET SIMULATOR (RTS) OVERVIEW

Manufacturing Test concept and Capabilities

* Frequency Band : 76GHz -81GHz
« Bandwidth 5GHz
* Single Target

* Range 4m to 300m

 RCS Range 63.5 dB attenuation at Horizontal setup
1 GHz BW Vertical setup

» Speed 0 to +/- 360Km

Anechoic Chamber

5

Anechoic Chamber
1 meter

|
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Automotive Radar Manufacturing

RADAR TARGET SIMULATOR (RTS) BENEFITS
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Automotive Radar Manufacturing

RADAR TARGET SIMULATOR (RTS) BENEFITS

Key Product Specifications and Features

Frequency Range 76 — 81 GHz
Transmit and Receive horn Single and Dual Horns antenna options
Radar Signal Occupied Bandwidth 4 GHz
Min Target Distance 1m + Physical target distance
Simulated Range 4 to 300m with 1m step
Doppler shift range +/- 360km/h with 1km/h resolution
Transmit/Receive Gain Control 63.5 dB with 0.5dB step
ES708A (object target size)

Radar Target Simulator ——

Dimension (H x W x D) 222.25 x 425.6 x 574 (mm)

*  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 R&D test
*  Basic — Fixed range simulation (ie 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 single company Keysight Technologies
*  World wide support, calibration and warranty
+  Default 3 years factory warranty
«  Optional upgrade with onsite calibration, onsite spare and 7x24 support packages
ey« CE and Safety certified



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

i
|
T

e .
I AraT S )essa
| :l oo oo =;§ E%E E%j ;
= 2998 |
ES740A-070 E8267D PSG Vector ignal tudifo 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 and Test Lifecycle

SUMMARY

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

Indispensable 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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