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Source:  Jürgen Hildebrandt, Dr.-Ing. Martin Kunert, Bernhard Lucas, Dr. Thomas Classen, “Sensor Setups for future Driver Assistance 

and Automated Driving,” Bosch, IWPC Workshop2013. 

For decades, self-driving cars were a 

futuristic concept... 
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What traveling in an 

automated vehicle might be like (1997) 

“Futurama” by GM in 1939 New York worlds fair: 

20 years future envision:  Automated highway system 

with longitudinal and lateral vehicle control. 

The 1958 Chevrolet Impala 

with “Unicontrol.” 

Source: Jameson M. Wetmore Consortium for Science, Policy & Outcomes Arizona State University, Automotive History 

Review, Summer 2003, pp. 4-19, http://www.cspo.org/documents/article_Wetmore-DrivingTheDream.pdf 

History of Autonomous Driving 

http://en.wikipedia.org/wiki/File:Street_intersection_Futarama.jpg
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Tomorrow is Here 

CES 2016: Autonomous Driving 
Google Tesla 

Volvo GM Toyota 

Mersedes 
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Recent OEMs Announcements 
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GM Autonomous Demos 
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Automation Levels 

Source: Mando 

Jump in Capabilities 



 

 

Where am I? High accuracy positioning 
High definition maps 

Mapping 

What’s around me? 
360º sensing and 
perception 

Sensing 

Take me where I want to go 
Navigation 
Motion planning 
Controls & Actuators 

Planning 

Who is in charge? 
Vehicle health monitoring 
Driver monitoring Monitoring 

From Dr. Ran Gazit presentation, ATCI, GM 

Technology Enablers for Autonomous Driving 

 



 

 

What’s around me? Sensing 

360º sensing Examples 

• Visual Cameras, Night vision 

• Ranging Radar, Lidar, Stereo 

• Connectivity V2V, V2I, OnStar 

Perception 

• Situational awareness  Relative position and velocity of vehicles and pedestrians, pothole 
location, … 

• Scene understanding  Pedestrian is walking towards road crossing, 
vehicle is on exit lane, potholes expected in my lane… 

Visual pedestrian detection 

V2V communication 

Visual and ranging sensing  

From Dr. Ran Gazit presentation, ATCI, GM 

Sensing for Autonomous Driving 

 



 

 

Sensing Requirements for Autonomous Driving 

From Daimler presentation IWPC2014 workshop 



 

 

       Sensing Technologies 

Camera 

Dense, rich information 
Color images 

Low cost 
Illumination sensitive 

 
All vehicles 

2D 

Lidar 

Radar 

Direct range measurement 
Improved functional safety 

Ultrasonics 

Stereo 

Depth imaging 

3D 

From Dr. Ran Gazit presentation, ATCI, GM 

http://images.google.com/imgres?imgurl=http://www.gizmag.com/pictures/lrg_img//8648_150108105928.jpg&imgrefurl=http://www.gizmag.com/blaupunkt-micro-rear-view-camera/8648/&usg=__gtZ5VocL78qdJCmSVCt3u-68rhk=&h=298&w=530&sz=12&hl=en&start=35&um=1&tbnid=BW7n46ZRa2YuuM:&tbnh=74&tbnw=132&prev=/images?q%3Dchevrolet%2Brearview%2Bcamera%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D20%26um%3D1


 

 

      Radar vs. Lidar 

Diameter of collector 

Wavelength 

𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 ~ 
𝜆

𝐷
 𝑆𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔 ~ 

1

𝜆
 

Lidar Radar 

Scattered by dust, heavy rain 
Requires a ”window” 

Range limited by eye safety 
 
 

Angular resolution 0.1° at D=2cm 
Range resolution 1mm 

All weather 
Installation behind fascia 

Large range 
Direct velocity (Doppler) 

 
Angular Resolution 1° at D=20cm 

Range resolution 15cm 

From Dr. Ran Gazit presentation, ATCI, GM 



 

 

       Radar vs. Lidar 

Objects 

Current 
technology 

Radar 

Affordable 
Reliable 

Sparse data 

In production 

Lidar 

Expensive 
Mechanical scanning 

Dense data 

Automated driving demos 

Reduce cost  

Increase resolution 

From Dr. Ran Gazit presentation, ATCI, GM 
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History of Automotive Radars 

GM Confidential 14 

1970 

1980 

1974 
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From VW Presentation in IWPC Workshop, 2013 

1974 
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         Radar Sensor Suit 

SRR 

SRR 

SRR 

SRR SBZA 

SBZA 

LRR 
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From Autolive Presentation in IET Radar Conference , Xi, 2013 

    Large Field of View Requirement 
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    Spatial Resolution Requirement              
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     Azimuth Resolution 
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      Elevation Resolution 

From Daimler Presentation in IWPC Workshop, 2013 
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    Radar Required Specification 

Key parameter Value 

Azimuth resolution 

wide FOV (more than 140 deg) 

2 degree 

Elevation resolution 3 degree 

Dynamic range Ability to distinguish multiple objects with 

RCS difference of 20 dB that are at the same 

range and Doppler frequencies but with differ 

in azimuth angle by more than 2 degrees. 

Size  15cm in height and width  

Cost  <100$ 
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    Imaging Capability 

From: Markus Hahn and Jürgen Dickmann -- Autonomous Maneuvering with Radars, IWPC2015 
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From Daimler Presentation in IWPC Workshop, 2013 

Imaging Capability via Doppler Resolution 
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     Road Edge Estimation 

From Daimler Presentation in IWPC Workshop, 2013 



 

 GM Confidential 24 ATCI Sensing & Vision Group 

     Parking spots detection 

From Continental Presentation in IWPC Workshop, 2015 
From Daimler Presentation in IWPC Workshop, 2015 
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    Radar Interference  
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    Interference Mitigation 
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     GM Radar Prototype 
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Conclusion 

 Automotive driving turning to be reality and requires 

higher performance sensors 

 Sensor fusion can nor resolve all problems and better 

sensors are required 

 There is a clear requirement to adopt more advanced 

radar approaches into automotive applications 

 Novel signal processing algorithms are required to exploit 

all possible information from the radar measurements 

 Automotive environment poses novel challenges that 

require new algorithms and radar approaches 
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     We are Hiring  

 Signal Processing Algorithms Developers 

 DSP Embedded engineers 

 Radar testing Engineers 

 Radar system Integration engineers 

 Contact: Igal.Bilik@gm.com 
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