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➢ Overview of Automotive Radar Simulation Platform

➢ What is MRT (Multiple Ray Tracing)

➢ Basic Theories behind MRT

➢ Performing MRT Analysis on Real-life Scenarios

➢ Summary

Kesyight EEsof Design Forum 2019



3Kesyight EEsof Design Forum 2019

Market

Cost

Challenge

Courtesy of Yole Developpement at EuMW 2019
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A C C E L E R AT E  A N D  R O B U S T  Y O U R  A U T O M O T I V E  E L E C T R O N I C S  D E S I G N

• SI/PI

(Ethernet/DDR/D-PHY/A-PHY/HDMI/PCIe)

• EMI/EMC

• Power Electronics

Electronics Board

• mm-Wave IC

• Automotive radar 

Module 

• Antenna

RF/uW/mm-Wave

• DSRC (802.11p)

• C-V2X (3GPP)*

• 5GAA**

V2X

• System Architecture

• Algorithm Design

• Environment 

Modeling and RTS

• System Verification

Automotive Radar

*Service

**Follow up
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➢ System Framework for Simulation

➢ SystemVue Simulation Platform

➢ 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.

Waveform 

generate 

(FMCW 

nonlinear)

Add phase noise, 

VCO Control

Tx RF channel, mixer, 

filter, amplifier, 

impairment

Channel control, 

mutual coupling

Tx antenna

configuration

Rx antenna

configuration

Electromagnetic 

environmentTx channel RF simulationBaseband waveform TDM, CDM, coupling Array manifold

Target, clutter, 

Stationary object 

Virtual Array

Rx RF channel, mixer, 

filter, amplifier, impairment

Rx channel RF

Down sampling, 

digitizing

ADC simulate

Range, Doppler, 

angle information 

extracting

Signal Processing

CFAR

Point clouds 

data

Detection

Automotive 

Radar 

Waveform 

Generation

Equivalent 

Baseband and RF 

Impairment

Antenna Pattern 

and Array 

Mainfold

Complex EM 

Modeling

Signal Processing 

and Point Clouds 

Data Output
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Automotive Radar Design Challenges: 

• Multiple Modes

• Multiple Functionalities

• Multi Domain Signal

• Complicated Environment Scenarios
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T Y P I C A L  C U S T O M E R  R E Q U E S T S
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M R T- B A S E D  C O M P L E X  S C E N A R I O  M O D E L I N G  I N  S Y S T E M V U E 2 0 2 0
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W H Y  U S I N G  M R T

Kesyight EEsof Design Forum 2019

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 
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S Y S T E M V U E M R T  C A PA B I L I T I E S
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Multiple Bouncing -> Bumper & Chassis ImpactsRay Tracing -> Complex Scenario
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J O I N T  S I G N A L  P R O C E S S I N G  S I M U L AT I O N  U S I N G  S Y S T E M V U E 2 0 2 0

Offline

Calculated

Ray Files

SystemVue

MRT Channel 

Model
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C O M PA R I S O N S  B E T W E E N  T R A D I T I O N A L  E N V I R O N M E N T  M O D E L I N G  A N D  M R T

Kesyight EEsof Design Forum 2019

Comparison Items 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-CPI) Medium (3-5 min typ., 1-CPI)

Simulation Accuracy Medium High

Possible contributors to 

accuracy degradations

Subjective Multi-Scatter Placements

Subjective Scatter RCS Assignments 

Target CAD Modeling Fidelities

Radar/Ray Parameter Configurations

Operational Difficulty Medium High
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C O R E  E N A B L I N G  T E C H N O L O G Y  A R C H I T E C T U R E

SBR + MRT

Solution

3D CAD based

Target Modeling

Ray Tracing

Facet Searching 

Algorithm

Scattered Field 

EM Calculation 

Algorithms

Abundant built-in 

Target Models

Optimized KD-tree 

based Fast Facet 

Searching

Facet Scattering

Edge Scattering

Surface Roughness



13Kesyight EEsof Design Forum 2019

3 D  C A D  B A S E D  TA R G E T  M O D E L I N G  - >  V E H I C L E S

Facet No.: ~1k Facet No.: ~130kFacet No.: ~0.3k Facet No.: ~1.5k Facet No.: ~460k

Cars -> 3 levels of fidelities Trucks/Buses -> 2 levels of fidelities
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3 D  C A D  B A S E D  TA R G E T  M O D E L I N G  - >  M O R E  TA R G E T S

Guardrails 

4 Models Available
Lampposts 

2 levels of fidelity

Manhole Cover

Road Signs
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K - D  T R E E  B A S E D  R AY  T R A C I N G  FA C E T  S E A R C H I N G

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

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

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

White ->        Red ->        Green ->        Blue
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S C AT T E R E D  F I E L D  E M  A L G O R I T H M S

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

Scattered Field

Electromagnetic

Algorithms

Facet 

Scattering

Edge 

Scattering

Surface 

Roughness

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

Target sharp edges caused additional scattered rays

Rough surfaces caused EM field fluctuations

Ray Tubes illuminating Trucks
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E S TA B L I S H I N G  A W O R K I N G  S C E N A R I O  F O R  M R T
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Radar/Target

Library 

(Drag & Drop Or 

Right-click Add) 

Project 

Tree

(Existing 

Targets)

Scenario

Display

Simulation

Configurations

Target 

Properties
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C O N T I N U I N G  T O  A N A LY S I S  T H E  P R E V I O U S  D O U B L E - C A R  S C E N A R I O
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Modify the road size and 

Radar/Ray Parameters as the 1st step: 
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M R T  S I G N A L - L E V E L  A N A LY S I S  W O R K S PA C E
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Sawtooth Waveform Type

De-chirpped Sample Rate = 10 MHz

Range/Doppler FFTSize = 256/128

2Tx -> 4Rx with MRT as Channel Simulator
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M R T  S I G N A L - L E V E L  A N A LY S I S  W O R K S PA C E
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Antenna Structure

Configuration

Ray Tracing

Echo Result Import
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R A N G E - D O P P L E R  M A P P I N G  ( W I T H  1 - R X )
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Target Characterization with MRT:

✓ True mmW Radar echoes 

obtained;

✓ Not point-scatter NOW! 

✓ Range/Doppler Multi-Scatter 

Spreading clearly observed

✓ Range/Velocity hot-spot positions 

consistent with input values

Back Car 

Complex Echo

Front Car

Complex Echo
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TA R G E T  P R O F I L I N G  W I T H  S C AT T E R  P O I N T  C L O U D
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Target Profiling for 

the Back Car

Target Profiling for 

the Front Car

✓ Detected Point-Cloud positions 

consistent with input values

✓ Both vehicles have been characterized 

by multi-scatter profiles

❖ (Wideband mmW radar ranging capability 

demonstrated)

CFAR: SOCA

Target Grouping: Plots-Of-Centroid

Range/Angle: Matlab Script
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C O M P L E X  E N V I R O N M E N T  M O D E L I N G  E X A M P L E
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Multiple Ray Bouncing Clearly Visible
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C O M P L E X  E N V I R O N M E N T  M O D E L I N G  E X A M P L E
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Tx+Rx Antenna Patterns ImportedRaw MRT RD Mapping

Two Sedans

Bus Side 

Effects

Nearby 

Ground 

Reflections

Far Bus + 

Truck

Multiple

Reflections

Two Sedans

Bus Side 

Effects

Far Bus + 

Truck

Multiple

Reflections

Nearby Reflections

Significantly Attenuated

Pedestrian Pedestrian
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➢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. 

W H AT  T H I S  S O L U T I O N  A C H I E V E S
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Scenario

MRT Simulation

Radar Signal 

Processing Results
Target Scatter 

Distribution Results
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