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Road accident statistics in the EU:

Number of casualties is droping slower than hoped for.  
25700 persons died at road accidents in 2014.

Source: Spiegel online
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Development steps in car safety systems
The Path to Zero Accident Driving
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Driver assistance functions and products
The Path to Zero Accident Driving



ER/SO | 25.09.2015 | © Robert Bosch AG 2015. Alle Rechte vorbehalten, auch bzgl. jeder Verfügung, Verwertung, Reproduktion, Bearbeitung, Weitergabe sowie 
für den Fall von Schutzrechtsanmeldungen.

Automotive Technology
7

Sensor Data Fusion for increased  Safety

Widened range
through video sensor

Video
Range

Radar
Range

Fusion

Verification of object detection
through Video sensors

Ultra Sonic
Range

Ultraschallsensor
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Surround sensing – vehicle sensor concept

(not to scale)

360° surround sensing by combination of different sensors 
· Long- and mid-range radar prerequisite for driving at higher speed
· Satisfy reliability requirements by using multiple sensors for each area

- Long-range radar
- Mid-range radar

- Lidar
- Stereo-video

- Near-range cameras
- Ultrasonic sensors
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- Long-range radar
- Mid-range radar
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Safety – reliable actuation elements

Redundant steering, braking, and stabilization systems required
· Modular actuation concept offers a perfect solution for automated driving

Vacuum-free boost & 
autonomous brakingBrake boost

RecuperationModulation

Vacuum booster iBooster

ESP hevESP ESP
ESP hev iBoosterElectronic 

power steering

Redundant steering system

The Path to Zero Accident Driving

Redundant braking system
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Foto: Audi

Human - Machine Interface (HMI)

The Path to Zero Accident Driving
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Driver Monitoring
The Path to Zero Accident Driving
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Automated and connected – social benefits

Gain in
productivity

Democratization
of mobility

Fewer traffic jams and less waiting time at intersections and lights
 80% improvement in traffic throughput1

Higher
fuel efficiency

Reduced
congestion

Reduction in motor vehicle accident rates
 90% of all car accidents involving injury are caused by human error

Synchronized traffic flow        
 23 to 39% improvement in highway fuel economy2

Time in transit becomes more productive 
 56 minutes per day freed up for other uses (US)3

Over-65 segment growing 50% faster than overall population 
 Allow a variety of age ranges to be mobile 

Improved
safety

1 Shladover, Steven, Dongyan Su and Ziao-Yun Lu (2012), Impacts of Cooperative Adaptive Cruise Control on Freeway Traffic Flow, 91st Annual Meeting 
of TRB, Washington.   2 Atiyeh, Clifford (2012), Predicting Traffic Patterns, One Honda at a Time, MSN Auto, June 25.   3 US Department of Transportation 
Highway Safety Administration (2011), Report # FHWA-PL-II-022 4 Hayes, Brian (2011), Leave the Driving to it, American Scientist, 99:362-366. 
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Consumer interest level in AD functions

39% Pre-price interest

22% 2000 $

21% 3000 $

19% 4000 $

35% Female

43% Male

51% Gen Y (1981–1997)

44% Gen X (1965 – 1980)

31% Late Boomer (1954 – 1964)

28% Early Boomer (1947 – 1953)

47% Parents w/ Children

No Children35%

• Acceptance and willingness to pay for Automated Driving 
functions

• Highest interest showed by Gen Y

• End user wants to have the latest technology combined 
with the safety benefit

Source: JD Power. Based on response of 16,758 vehicle owners
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Initial Step: Automated Park Assist
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Fully automated driving: 
Auto pilot

Fully automated driving: 
Auto pilot

Assisted driving
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Difference between partial + high automation 

High Automation

Decision Making System System

Responsibility Driver System

Insufficient Actuation Driver take over Not permissible

Situations addressed Selected use cases All situations

System failure Fail safe / fail silent Fail operation

Partial Automation

High automation requires…
Redundancy for sensors, ECUs, communication and actuation
New methods for data fusion and decision making
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Prerequisites for automated driving – overview

HMI and driver 
distraction

surround sensing quality of 
map data

system 
architecture

safety and
security

map data

legislation

highly robust 
in all use cases

always precise 
and up-to-date 

redundancies for sensing, ECUs, and actuation 
required (failsafe operation)

protection against technical failure 
and deliberate attacks

global standards and 
clear liability
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Safety and security - distinction
Safety

 Blocking of deliberate attacks 
 Confidentiality, integrity, 

availability

 Protection against 
technical failures

 Covers malfunction aspects

Security

Safety (malfunction) differs in scope from security (deliberate attack) 
· Leaks in security can put safety at risk
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Legislation frameworks – need for adaptation

Adaptation of legislation framework started
Amendment to Vienna convention has been adopted by UNECE-WP.1 
(not yet in force), further steps must follow (UNECE, NHTSA)

• National laws
• UNECE-Regulations (e.g. R 79)
• Vienna convention on road traffic (1968):

Article 8 (5): 
„Every driver shall at all times be able to control his 
vehicle or to guide his animals“

• Legislation and regulation of automated 
driving decided in individual U.S. states

• Initiative in Europe by VDA
• Japan (MLIT) is exploring different 

possibilities 
(e. g. special lanes)

Current legal framework Ongoing activities
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Automated driving – performance public roads
Performance
 Highly automated driving on public highways
 Automated lane changes, no driver confirmation required

Public Road Testing
 First automated drive in California on I280 on Mar, 2013
 First automated drive in Germany on A81 on Apr, 2013 I280

Prototypes driving on public freeways in Germany and USA 
· Bosch: first vehicles on German freeways since early 2013
· Tests in real traffic conditions accelerate the development of new functions
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