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Agenda

• Introduction: Need for Automotive 
Radar Simulation

• Real Time Radar (RTR) Methodology

• Movies, Results, and Performance

• RTR Enabling New Applications

• Summary - Conclusion



Demand for Automotive 
Radar Simulation
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Road Fatalities by category of vehicles

Drivers and Passengers in the car are most protected
Vulnerable Road Users like Pedestrians and 2-Wheelers 
need to be better protected

The Protection of VRU can be achieved by ADAS Systems
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EURO NCAP VRU Protection - AEB

https://www.euroncap.com/en/vehicle-safety/the-ratings-explained/



KI Data Tooling: Hochautomatisierte Entwicklung 
datengetriebener Funktionen
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Test-/Validierung

Betrieb

Training
Wie müssen 

Trainingsdaten 

ausgewählt und 

gestaltet sein, um 

eine optimale 

Leistung des 

trainierten Modells 

im realen Betrieb 

sicherzustellen?



The Data Kit for Automotive AI
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UMFANGREICHE
DATENBASIS

METHODEN 
UND TOOLS

OPTIMIERTE KI-TRAININGSSTRATEGIE
FÜR AUTONOME FAHRZEUGE

KI Data Tooling entwickelt die Datenkomplettlösung für das Training und die Validierung von KI-basierten 

Funktionen für das hochautomatisierte Fahren.



Wie kommen wir zu den richtigen Trainings- und Testdaten?
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Varianz / Anzahl
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Häufige
Alltagssituationen

Seltene
Ausnahmesituationen

[1] Wachenfeld; Winner: The Release of Autonomous Vehicles. 
In: Maurer et.al. (Hrsg.) Autonomous driving. (2016)

Sicherheitsnachweis für Autom. Fahren:

6 Milliarden Testkilometer [1]

Aufbereitung 1 Stunde Video für Machine

Learning: >> 1 Stunde manuelle Arbeit

Effiziente Entwicklung 

von KI-Funktionen für 

autonomes Fahren 

benötigt methodisches 

Vorgehen und Werkzeuge 

zur Automatisierung der 

Arbeitsabläufe.
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Eine umfangreiche Datenbasis ist die notwendige Grundlage.
Bedeutung synthetischer Daten wächst.
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Kundenfahrzeuge
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Synthetische Daten

Realdaten

Ground Truth / Referenz

Szenen & Situationen

Corner Cases

Automatisierte 
Labellingmethoden

Simulation



Bildquelle: BMW

Radar Kamera LiDAR

Robuste, realistische Betrachtung durch

integrierte Daten der wichtigsten Sensormodalitäten

KI Data Tooling berücksichtigt bei realen und synthetischen 
Daten die relevanten Sensormodalitäten.
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Different Sensor Types in Comparison

Raw Data Registered from Different Sensors:

Camera:
Raw image with High dynamics and spectral
Radiance (NIR).
2D Data + Amplitude

LIDAR:
Depth Map maybe containing additional 
information on intensity of reflection.
3D Data + Amplitude

RADAR:
Range Doppler information containing position
and speed information
3D Data + Amplitude + Speed



Real Time Radar Simulation

Methodology

14
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Algorithmic and Hardware Acceleration Breakthroughs

General-Purpose
HFSS & SBR+

> 14 hours

Accelerated Doppler 
Processing (ADP)

< 5 min

Boosted ADP
< 1 min

Boosted ADP + GPU
10 – 20 ms

Algorithmic Acceleration ≈ 1000 X
Hardware

Acceleration ≈ 3000 X

Composite Acceleration ≈ 3 Million X !

1 Frame
Center Frequency = 76.5 GHz
Bandwidth = 502 MHz
256 frequency samples
4 ms processing interval, 256 chirps

2019 2021
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Scene Description
Physical Scene

CAD models
Scene actors
Position, Orientation, Velocity

Radar systems
Antenna placement, 
waveforms, radiation patterns

Everything moves every frame

RTR Inputs, Outputs, Post-Processing, and Exploitation

Raw Signal Output
Freq. response vs radar pulse
Useful for post processing

Range-Doppler Map
Range vs relative velocity

Post Processing
Angle-of-Arrival (Range vs Angle)
ISAR (Range vs Cross-range)

EGO
Vehicle

Data
Exploitation
Object Detection

Classification
Perception
AI Training

Vehicle Control
...
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Long, Busy Road Test Scene
Scene: Long, Busy Street

1.2 km road
70 vehicles
14 buildings
336 streetlights
42 traffic signals
+ radar systems, antennas, 

waveforms, materials

Dimensions
245,600 m2 surface area
16 billion sq. wavelengths 

@ 76.5 GHz
Scenario
20 seconds, 600 time steps

Electromagnetic Size Is 

ENORMOUS
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Shooting and Bouncing Rays (SBR) Methodology

• Real Time Radar uses SBR ray tracing approach to model radar propagation in scenes

• Components:
‐ Antenna patterns

‐ Reflection, Transmission, Multi-Bounce

‐ Velocity  (Doppler effect)

‐ Materials

‐ Radar Waveforms

‐ Radar Outputs
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Shooting and Bouncing Rays (SBR) Methodology
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Multi-Bounce
Radar energy bounces off

vehicles,
pavement,
buildings,
and everything else

Multi-bounce 
lets radar “see” 
objects beyond 
line-of-sight

Antenna Beams

Defines distribution of radar 
energy in scene
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Shooting and Bouncing Rays (SBR) Methodology
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Velocity
Radar measures velocity with Doppler shift

Linear and Angular Velocity separate objects

Materials: 
Metal, Dielectric Layers, Absorber
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Waveforms and Outputs
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Pulse-Doppler Waveform

Frequency Modulated Continuous Wave (FMCW)
Common automotive radar waveform

Lower power than pulse-Doppler
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MIMO Radars
INRAS RDL-77G-TX2RX16 MIMO Radar

16 Rx Antennas 2 Tx Antennas
Rx spacing = 1.948 mm = ½ λ @ 77 GHz

• Multiple-Input Multiple-Output 
(MIMO) radars are common
‐ Arrays of multiple Tx and Rx

‐ Interleaved firing of Tx

• Advantages
‐ Larger array with less hardware

‐ Improved imaging resolution

‐ Detect angle of arrival

‐ Electronic beam steering

‐ Better signal processing

32 (=16x2) channels
with 

18 (=16+2) antennas

Radars with 100s or 1000s of channels are coming
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100% GPU accelerated
‐ Minimize CPU-GPU transfers

‐ Customize existing kernels for 
automotive radar

Fastest GPUs:
‐ Quadro RTX A6000,

Quadro RTX 6000/8000,
Quadro GV100

Solver Computational Flow and GPU Acceleration

23

Thank you to NVIDIA for supporting Real Time Radar 
development with high-end GPU!!!



Movies and 
Demonstrations
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Performance of Different Radar Configurations

Configuration Antennas Tx Rx Channels
Performance

GV100 RTX 6000 RTX A6000

Single Channel

Basic radar
1 1 1 148 fps 257 fps 277 fps

Multi-Channel

Advanced processing

Better angular & cross-range 
discrimination

1 32 32 33 fps 36 fps 41 fps

MIMO

Advanced processing

More channels with less 
hardware

2 8 16 34 fps 43 fps 48 fps

3 16 48 9.5 fps 10 fps 12 fps

5 50 250 RTX A6000: 2.4 fps

Tx Rx

Rx

Tx

Tx
Rx

Tx/Rx
or
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Busy Street, Many Radars
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Scenario – Busy Street
1 km road 375+ lights
70 vehicles 14 buildings

EGO Vehicle with 5 Radars
20 sec scenario
600 time steps, 3000 images

NVIDIA Quadro RTX A6000
17.6 ms per frame
57 fps for 5 radars

Real Time Radar Performance
CPU before ADP 4+ years
CPU with ADP 25+ hours
RTR Status

1 radar: >275 fps
5 radars: 57 fps
<11 sec to run 20 sec scene
3000 images from 5 radars
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Micro-Doppler – Wheel Rotation

Micro-Doppler shows movement of structures within the target
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Micro-Doppler – Pedestrians
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Performance Comparison across GPU Generations

600 time steps for 20 second scenario.
Outputs:  Range-Doppler for single-channel and frequency-chirp for multi-channel
All benchmarks run on Windows with GPU in dedicated compute (TCC) mode. TCC doubles performance.

“Slowest” run makes 150,000 
results in ~4 minutes instead 
of years before RTR.

30+ seconds for one result 
without RTR

vs
RTR computes

100s-100,000s of results in 
milliseconds, seconds, or minutes

Non-RTR Scenarios:
hours, days, or years

RTR Scenarios:
ms, seconds, minutes



Applications of RTR

30
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Virtual Datasets for Machine Learning

• Physics based radar simulation of realistic complex 
scenarios
‐ Train machine learning models
‐ Test against existing machine learning models for radar perception

➢ Corner cases

➢ Impossible to measure scenario creation

➢ Easily introduce scenario variability

Ground Truth

Predicted [confidence]
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Object Detection from RTR Data
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Object Detection 
from RTR Data (2)

Waterfall – Range vs. Time

Waterfall – Velocity vs. Time Range vs. Cross Range

Range vs. Velocity

time

ti
m

e
R

an
ge

Velocity

Scene Visualization – Hit/Detection 
Points from Perception Algorithm 
applied to Radar Returns



Conclusion
Q&A
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Conclusion

• Radar is an ideal sensor to detect and protect VRUs

• RTR Technology of Ansys enables to generate synthetic data for ML input

• Physics Based Simulation Quality is needed to be able to train safe ADAS and AD 
algorithms extending the database towards edge cases




