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Early Developments of Automotive Radar Systems
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Automated Driving on Stress-Test-Parcourin Proving Ground Ehra(1)
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ÅVolkswagen operates a Proving Ground in Ehra

(close to Wolfsburg)

ÅPrototypical cars are stress-tested in specific parcours

consisting of bumpy and curvy road conditions.

Mechanical stress applied to prototype 

is factor 10 higher than under real conditions.

Å«Ʊ ǁůŪǓŤů ǍůǅǍ ŪǁƒǞůǁǅϊ ƽƏǥǅƒŤŕƣ ƣƱŕŪ 

the idea of an automated test was born.
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Automated Driving 
on Stress-Test-Parcour
in Proving Ground Ehra(2)
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ÅExploration project 1998 Ϝ2000

(first project on automated vehicles 

at Volkswagen)

ÅTest-driver was replaced by a driving robot

ÅLocalization based on Differential-GPS

ÅEnvironmental perception

on lidar, camera and radar
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Automated Driving on Stress-Test-Parcourin Proving Ground Ehra(3)
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Challenges:

ÅHardware:

Not existing electronical controllable actuators 

(gas, brake, steering, gearbox)

made the undertaking challenging

ÅPerception:

Signal processing algorithms for cameras and radars 

brought computers to their limits

ÅArchitecture:

Multi -sensor-system laid foundation 

for modern sensor fusion technology in terms of object fusion strategies
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Off-Road Driving during DARPA Grand Challenge, 2005
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ÅGiven Challenge:

-200 km autonomous race

-desert environment

-no map, rough driving corridor info only

ÅVehicle:

Automated Volkswagen Touareg

equipped with lidar, radar, GPS, camera

ÅResult:

Volkswagen won against 200 competing teams
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Automation of Heavy Duty Vehicles in Public Traffic ϜTraffic Jam Pilot, 2014
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ÅAutomation of a SCANIA truck 

in traffic jam situations

on highways up to speeds of 50 km/h

ÅPurpose:

-Reduce workload from truck drivers 

in traffic jams

-Prolong legal drive time of a truck per day

ÅPerception system:

-5 radar sensors

-10 ultrasonic sensors

-1 stereo-camera

-No digital map

ÅActuators:

-Electronic controlled gas

-Electronic controlled brake

-Electronic controlled steering

S
o
u

rc
e
: 
S

C
A

N
IA



Automation of Heavy Duty Vehicles in Public Traffic ϜTraffic Jam Pilot, 2014
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Autopilot ϜAutomated Driving on Public Highway, 2015
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ÅDemonstration of technology for automated driving under real world conditions, in real traffic

ÅRoute from San Francisco to Las Vegas (~900 km), a 2-day drive

Å]ƱǓǁƪŕƣƒǅǍǅ ǅůŕǍůŪ ŕǍ ŪǁƒǞůǁϋǅ ǅůŕǍ ϥŕŤŤƱƨƽŕƪƒůŪ ǟƒǍƏ ǅŕźůǍǥ ŤƱ-driver)
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5.1.2015/ 7:00 

Interstate I5 
4.1.2015/ 15:00 

Las Vegas
5.1.2015/ 16:00 

San Francisco 
4.1.2015/ 11:00

CA Č NV 
5.1.2015/ 12:00



Automation of Heavy Duty Vehicles in Mining Environment, 2016

11

ÅAutomation of a SCANIA and MAN trucks in mining environment (off-road)

ÅPurpose:

-Reduce workload from truck drivers 

-Operate a mine 24/7

ÅPerception system:

-Multiple sensors

-Occupancegrid map

-Path planner

ÅActuators:

-Electronic controlled gas

-Electronic controlled brake

-Electronic controlled steering
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Example of automized SCANIA Trucks in Rio Tinto Mine/ Australia
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ÅAutomation of tipper in Dampier salt mine in Rio Tinto/ Australia (real customer operation)

ÅAutomated truck follows a salt harvester machine and is being loaded.

Afterwards the loaded truck drives automatically to an unload station.
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Optimized Vehicle Body for Automation Purposes
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ÅFormer reserved body space

for cabin

is now used to extension 

of loading volume

ÅLeads to significant increase 

in economy and efficiency
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Automated Driving Inner-City 2019, 2021
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ÅCharacteristics of inner-city scenarios:

-Non-structured environment

-Multiple objects (e. g. Pedestrians, bicyclists)

-Objects in vicinity to ego vehicle

-Some traffic participants not sticking to traffic rules 

(e. g. kindergarten kids, e-scooters)

-Intersections, traffic lights

-Curb stones instead of lane markings

ÅUrban scenario very challenging for perception system

ÅAutomated driving inner -ŤƒǍǥ ƒǅ ƠƒƪƉϋǅ ŪƒǅŤƒƽƣƒƪů
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Automated Driving Inner-City 2019, 2021
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Research Steps in Automotive Radar Technology
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ÅEarly research activities in radar technology in 1974 (integrated in VW Golf I)

based on RF waveguides, parabola antenna, analogue computing

ÅDevelopment of a 77 GHz radar by Volkswagen, Rockwell, TU Braunschweig (based on waveguides) in 1995 Ϝ1997

ÅFirst series radars introduced in Audi A8 and VW Phaeton around millennium 

ÅSince ~12 years all cars inside Volkswagen Group are equipped with at least 1 front radar
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Task of the Day
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Task of the Day ϜDefragmentation of the Operational Design Domain (ODD)
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ÅDecreasing 

ODD (Operational Design Domain) fragmentations

for L3 - L5

ÅStrengthen perception system 

by less fragmented sensor sources 

(e. g. radar)

ÅPossible improvements 

in novel radar technology

-Angular resolution of 0.1°
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Example of a Perception System for Inner-City Operation
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ÅEnvironmental recognition in urban scenarios requires all modalities of sensors.
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Why Radar is Advantageous
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ÅRadar is almost unaffected 

by any kind of adverse weather

(e. g. refer depicted experiment)

ÅReduction of Performance is observed in Situations with

-Ice Crust

-Extreme Rainfall

-Water Film on Radom

77 GHz ACC Radar



Angular Resolution Matters
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ÅFine angular resolution is beneficial for imaging radar of next generation in automated driving functions (L4, L5)

Low Resolution Radar Image (77 GHz) Fine Resolution Radar Image (77 GHz)
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Idea of Distributed Antennas to Enable Automated Driving (Level L4, L5)
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Scenarios in which Resolution Matters

26
VOLKSWAGEN AG ϜFUTURE MOBILITY DAYS    CATEGORY 0.2 ϜINTERNAL 
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