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What Does It Mean for Radar When ADAS and
Autonomous Driving Come

Market

% Automotive Volume Forecast

ADAS technology’s gradual improvement is pushing regular cars towards a higher autonomy level
Robotic car technology has begun providing AD levels 4 and 5 to street environments

2014 - 2032 robotic and light-vehicle market forecast (in M units)
by level of autonomy
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@ Future challenge for Automotive Radar
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EEsof Automotive Electronics Design and Sim Category

ACCELERATE AND ROBUST YOUR AUTOMOTIVE ELECTRONICS DESIGN

Automotive Radar RF/uwW/mm-Wave V2X Electronics Board
« System Architecture  mm-Wave IC - DSRC (802.11p) - SI/PI
« Algorithm Design « Automotive radar « C-V2X (3GPP)* (EthermneyDDR/D-PHY/A-PHY/HDMIPCle)
- Environment Module « 5GAA** * EMIEMC
Modeling and RTS « Antenna » Power Electronics
« System Verification
*Service

**Follow up
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What We Need on Automotive Radar Simulation Platform

» System Framework for Simulation

Automotive Radar Design Challenges:

Ault:;)n;otlve Equivalent Antenna Pattern Signal Processing Multiple Modes
adar Baseband and RE and Array and Point Clouds *  Multiple Functionalities

Impairment Mainfold Data Output Multi Domain Signal
Complicated Environment Scenarios

Waveform
Generation

» SystemVue Simulation Platform

Waveform 5
generate Add phase noise,
(FMCW VCO Control

nonlinear)

Tx RF channel, mixer,
filter, amplifier,
impairment

Channel control, Tx antenna
mutual coupling configuration

Electromagnetic
environment

Tx channel RF simulation

Baseband waveform; :,

. TDM, CDM, coupling ; : Array manifold

Target, clutter,
Rx RF channel, mixer, Rx antenna . Stationary object |
filter, amplifier, impairment configuration d

CFAR Range, Doppler,
angle information

Point clouds
data

extracting

Rx channel RF Virtual Array

Detection ;% Signal Processing

> "Compare HW 'prototype and"SystemVue simulation results, verify the consistency of the simulation

results with the measured data, prove the effectiveness and value of the simulation system.
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What is MRT (Multiple Ray Tracing)

reflection According to their measurements, these affected to the detection results of radar. Car
So, they'd like to simulate the effect of these. wall § .- ‘" wal
(5) the multiple refection ¥ "lL H
flr ]
The Car \
AN has two
radar as
(Refrection1 the figure
shows larget

/(Iike as)

We'd strongly like to clearly create the desired scenariolon the map as ﬁgure‘instead of the
current setting XYZ coordinate as the unclear numeric value.

The Right Radar should not find the
target, but due to wall reflection, it can
find the target in received echo.
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What is MRT (Multiple Ray Tracing)
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What is MRT (Multiple Ray Tracing)

MRT is an established technology to characterize EM wave travelling behaviors in Complex Scenarios.
MRT is a Built-in Library for SystemVue that can help automotive radar designers to realize:

Complex Scenario Modeling with built-in 3D CAD Targets

Authentic Radar Echo from Real-World Sensing Scenarios

Integrated System-Level Radar Design with SV Dataflow

Cross-check with Target Detections from other Sensors

KEYSIGHT Kesyight EEsof Design Forum 2019
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What is MRT (Multiple Ray Tracing)

Ray Tracing -> Complex Scenario Multiple Bouncing -> Bumper & Chassis Impacts
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What is MRT (Multiple Ray Tracing)

I
PR |
1 SystemVue %
MRT Channel '_>|_

Model I

R1 {Radar
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Target

Setting
GUI
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TX RX
RF Tx Signal Antenna Tracing Antenna RF Rx Signal
Engine Array

{ Offline 1
| Calculated |
| Ray Files ]
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RxArrayConfig=Uniform Rectangular Array
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What is MRT (Multiple Ray Tracing)

Comparison ltems Traditional Environment Modeling MRT (Multiple Ray Tracing)

Target Scenario Modeling Manual Multi-Scatter Placements 3D CAD Facet Fidelity based Targets
Analysis Granularity BB Time Sample by Time Sample BB (Sample Time, PRI)

License Configuration W1465 + W1908 W1465 + W1908 + W1725 (MRT)
Waveform Support Triangle, Sawtooth, Stepped Freq CW, etc.

General Analysis Time Span 1-CPI (N*Pulses, N = 64, 128 , etc.)

Simulation Efficiency High (20 sec typ. , 1-CPlI) Medium (3-5 min typ., 1-CPI)
Simulation Accuracy Medium High

Possible contributors to Subjective Multi-Scatter Placements Target CAD Modeling Fidelities
accuracy degradations Subjective Scatter RCS Assignments Radar/Ray Parameter Configurations

Operational Difficulty Medium High
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Basic Theories behind MRT

Ray Tracing Scattered Field
Facet Searching EM Calculation
Algorithm Algorithms

SBR + MRT 3D CAD based
Solution Target Modeling

Optimized KD-tree Facet Scattering

based Fast Facet Edge Scattering
Searching Surface Roughness

Abundant built-in
Target Models

KEYSIGHT Kesyight EEsof Design Forum 2019 12
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Basic Theories behind MRT

Facet No.: ~0.3k Facet No.: ~1.5k Facet No.: ~460k

Cars -> 3 levels of fidelities

KEYSIGHT Kesyight EEsof Design Forum 2019
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3D CAD BASED TARGET MODELING -> VEHICLES

Facet No.: ~1k Facet No.; ~130k

Trucks/Buses -> 2 levels of fidelities
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Basic Theories behind MRT

Manhole Cover

G u ard rai IS Target Properties 2 x

. = Component Il A I
4 Models Available — e Road Signs
Material Type netal T e glass_type_ A Lam ppOStS
Material Parameter Selec.. custom glass_type_B . .
El Material EM Parameters road_type_A 2 IeveIS Of fldel Ity
Epsilon Real 1.000000 road_type B
Epsilon Imag -1000000000000000.125000 tire T;' e g
Mu Real 1.000000 re-Ype.
tire_type_B

Mu Imag 0.000000
Surface Roughness 0.000000

KEYSIGHT Kesyight EEsof Design Forum 2019 14

TECHNOLOGIES



Basic Theories behind MRT

K-D TREE BASED RAY TRACING FACET SEARCHING

How to determine which facet is hit in a ray’s bouncing paths?

-0

The KD-tree algorithm narrows down the region of possible ray hitting:

White -> Red -> Green -> Blue

https://en.wikipedia.org/wiki/K-d_tree

KEYSIGHT Kesyight EEsof Design Forum 2019 15
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Basic Theories behind MRT

Which can solve one fundamental and two additional EM field calculation headaches for customers:

Facet

Scattering Basic Ray Tracing Capability Enabled (GO + PO + Ray Tubes)

Edge
Scattering

Target sharp edges caused additional scattered rays

Surface

Rough surfaces caused EM field fluctuations
Roughness

-| Ray Tubes illuminating Trucks
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Performing MRT Analysis on Real-life Scenarios

FOR MRT

ESTABLISHING A WORKING SCENARIO

Project
Tree
(Existing
Targets)

—----,

---,
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Project Setting

™ o (i Save Project

—/ —/ HSave As
Open New Front
Project Project View
File Scenario View

Calculate Preview Clear Ray

Now

\3 Aois State |- - @ I

Results

Calculation & Preview

Scenario Project 2 X Target Libra
G S S S g

- Project
I -~ 24 Radar_0
=& Carl 0
@ leaf3
@ leaf4
9 leafd
9 leafe
@ leaf7?
@ Carl_4
-9 Road_2

i
i
i
L----

‘---------\

Radar/Target
Library
(Drag & Drop Or
Right-click Add)

\---------_

(
I
I
I
1

Information Panel

I & Car
bl

& Truck
1= Bus
# Road
4 Radar
= StaticTargets
{= UserDefined

4

ax

-_— - -

Simulation Canfigurations
Target Library
Target Properties

View Setting

Scenario Project

Information Panel

@ Help
GAbnu(

— X
Simulation Configurations 3 X Target Properties 4 X
N N . . -
= Target Setting al Component
= |Car1_0 Name leaf3
Motion Type Uniform Straight-line Material Type metal
& Initial Position Material Paramet.. built-in
X (m) 0.000000 I B Material EM Parameters
Y (m) 0.799692 Epsilon Real 1.000000
Z(m) 10.000000 I Epsilon Imag -1000000000000000....
Rotation (deg) 0.000000 I Mu Real 1.000000
Velocity (m/s) 5.000000 Mu Imag 0.000000
Car1_4 I Surface Rough... 0.000000
E Road 2 I
Motion Type Stationary
3 Initial Position |
X (m) 2.000000 E &
¥ (m) 0.000000 L e
Z(m) 10.000000
Rotation (deg) 0.000000
= Radar Setting
= Radar_ 0
E Motion
Motion Type Stationary
E Initial Position
X(m) 0.000000
Y (m) 0.300000
Z(m) 0.000000

Rotation (deg)

Car1._0

0.000000

The total number of facets is: 538
The total number of rays is: 559504

Scenario file has been successfully loaded.

The file version is 0.4.

4 ™. Simulation Log

Ready (Ver:1.0)

,-------~

Target
i Properties

.-

) P



Performing MRT Analysis on Real-life Scenarios

CONTINUING TO ANALYSIS THE PREVIOUS DOUBLE-CAR SCENARIO

Modify the road size and o e
Radar/Ray Parameters as the 15t step: Motion
FoV (deg) 40.000000
E Time Setting
Start Time (sec) 0.000000e+00
Stop Time (sec) 3.840000e-03
Step Time (sec) 3.00 Computation Progress -
Maximum Detection R... 20.0
Frequency (GHz) 77.0 Computing 33%
Polarization W

=l Boresight Direction

X ol || | | [ ||
Y 0.00

Zz 1.00
= Ray Setting Cancel
Ray Density 0.20

Maximum Bouncing Num... 2

Minimum Ray Threshold (.. -90.000000
E Result Setting

File Path CATEMP

File Name ProjectTracing
Clear Results False

Time Delay Resolution (sec) 2.500000e-09
Angle Resolution (deqg) 1.000000
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Performing MRT Analysis on Real-life Scenarios

MRT SIGNAL-LEVEL ANALYSIS WORKSPACE

2Tx -> 4Rx with MRT as Channel Simulator

Rx Modeling

TxModeling

o 6
Target Info Extraction

—F AR T e ——

A5 Al
NomGacn ! Feemeen] mesmcacon-(12) ﬂ‘-‘] o —

FCamir=TTesa iz Frame)

o

e
Al
Wavsform _type=ysarDatnag
— Ao -
FrequoaTTimasd s
FraqFiTime=0s
]
DasitaFrag=200e+5 =z [Bandiatr]
iz [SampeRat]

Waveform Generator = Xen —p—s

©1{CXTOEM@OAA Fiow Modais}
Fo=Tle+8 iz [Famar]

Sawtooth Waveform Type

De-chirpped Sample Rate = 10 MHz

Range/Doppler FFTSize = 256/128
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Performing MRT Analysis on Real-life Scenarios

MRT SIGNAL-LEVEL ANALYSIS WORKSPACE

Antenna Structure
Configuration
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Ray Tracing
Echo Result Import

MRT Channel Modeling

Telrarnet s D Salrarret 1
el oFaia
Ea Tacrglrare T

DelayPairPrecision=1e-12
AnglePairPrecision=1e-3
TxArrayConfig=Uniform Linear Array
NumTxAnts1D=2
TxElementSpacing=0.5
TxAxisType=Y-Horizontal
RxArrayConfig=Uniform Linear Array
NumRxAnts1D=4
RxElementSpacing=0.5
RxAxisTvoe=Y-Horizontal
RayTracingFileName=CompSce-ProjectTracing_SystemVueRays bin




Performing MRT Analysis on Real-life Scenarios

RANGE-DOPPLER MAPPING (WITH 1-RX)

Mleq-—,-—’—-—-—’ RangeFFT —’,—-—’ DopplerFFT —',._.—e,

Target Characterization with MRT:

Complex Echo

v" True mmW Radar echoes
obtained:
¥ Not point-scatter NOW!

v' Range/Doppler Multi-Scatter : Back Car

Spreading clearly observed = Complex Echo
v' Range/Velocity hot-spot positions g ; -10 0 10 20 30
consistent with input values

Velocity-m/s
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Performing MRT Analysis on Real-life Scenarios

TARGET PROFILING WITH SCATTER POINT CLOUD

CFAR: SOCA
Target Grouping: Plots-Of-Centroid

Range/Angle: Matlab Script

v' Detected Point-Cloud positions
consistent with input values

v Both vehicles have been characterized
by multi-scatter profiles

s (Wideband mmW radar ranging capability
demonstrated)
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Target Profiling for

the Front Car

¢ larget Profiling for }
I\ the Back Car



Performing MRT Analysis on Real-life Scenarios

COMPLEX ENVIRONMENT MODELING EXAMPLE

Multiple Ray Bouncing Clearly Visible
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Performing MRT Analysis on Real-life Scenarios

COMPLEX ENVIRONMENT MODELING EXAMPLE

Range Doppler Map-Complex Scenario_1008

Range Doppler Map-Complex Scenario_1008-Ant

lﬁange-m r

Nearby Reflectlons
Slgn|f|cant|y Attenuated

\--30 ------ L bRl EELELL] ' RRRLLLE Ll 20---'

Amp

Velocity-m/s

Raw MRT RD Mapping Tx+Rx Antenna Patterns Imported
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Summary

WHAT THIS SOLUTION ACHIEVES

»PathWave SystemVue is an Electronic System-Level Design Software, which is the shortest path
from imagination to verified hardware for physical layer systems design.

» SystemVue automotive radar accelerates your system architecture and verification with its built-in
complex algorithm models and examples.

»MRT is new feature to model the complex environment in automotive radar system simulation,
user-defined scenario can be extracted from MRT and brought into SystemVue automotive radar
system level simulation. This solution makes user design more flexible, reliable and realistic.

Range Doppler Map-Complex Scenario_1008-Ant

Scenario Radar Signal Target Scatter
MRT Simulation Processing Results  Distribution Results
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