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Introduction
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Killed People (Type of participation)

Green: Cars

Red: Pedestrian



Introduction

• Review: What was invented in the past time?

• How did that work?
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History of the assistance

Systems

• Only electric or mechanic

Systems

• Combination of both



Driver Assistance Systems
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Driver Assistance Systems

• Problems with the visual percetion:

1. Limitation of the viewing direction

Not possible: Watching right and left side at the same time

2. Limitation of atmospheric conditions

Rain, fog, twilight

3. Limitation of other stimuli / overflow

Stress, aggressions, tiredness

Change of priorities and other direction of view (wrong views?)
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Driver Assistance Systems

• Cause of accident: Who made the failure?

ü The driver makes wrong decisions in 86% of all cases
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Driver Assistance Systems

• What was the reason?
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Driver Assistance Systems

• How does the assistance work? – Components

• Sensors are the interface between environment and system.

• Types of Sensors: Different technologies that cover a wide area of the 

environment, including the inside of the car.

• A skilled arrangement and combination of sensors is necessary for getting

realistic results.
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Driver Assistance Systems

• Where do the assistance systems work?
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Driver Assistance Systems

• A growing market
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Driver Assistance Systems
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ØSensors are needed in every single system to gather necessary information

Systems: Lateral/Side Sensing and Control Systems

Longitudinal Sensing and Control Systems

Integrated Lateral and Longitudinal Control and Sensing Systems



Lateral/Side Sensing and Control Systems 

• Road as a base for gathering information

• Lane recognition uses the measurement of lane markings

• Side sensing uses imagebased methods and distance sensoring

Ø Examples:

• Lane Departure Warning

• Road Departure Warning

• Curve over-speed countermeasures

• Lane Keeping Assist

• Parallel parking assist

• Blind spot monitoring

• Lane change assist

• Rollover collision avoidance
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Longitudinal Sensing and Control Systems

• Events in front and backwards of the vehicle are interesting

• Provides help for avoiding collisions (barriers, traffic density, …)

• Advanced systems analyse and identify objects (children, pedestrians) which 
are not in the perception area of the driver

Ø Examples

• Backup / parking assist

• Night Vision

• Adaptive front lightning

• Adaptive Cruise Control

• Forward collision warning

• Safe gap advisory

• Rear impact contermeasures

• Breaking assist (precrash)

• Forward collision mitigation/avoidance

• Pedestrian detection and warning
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Future of sensing and control systems
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Sensors

26/04/11 18

ü Different types of sensors for measuring the environment



Wave

• Different characteristics of sensors 

• Various physical principles are used

Waves

ü Waves in the form of light are detected by the human eye

ü The eyes are the visual interfaces between environment and brain

ü The principles of driver assistent systems are similar to the eyes

ü Passive detection of waves and active detection possible

ü Transport of energy without emitating mass

ü Types: electromagetic waves (no mass needed), acoustic and water waves

(air or water as mass needed)
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Wave

• Wave equation is a differential equation of the 2nd order for the fuction:

A: Deflection of the osciallation

r: Position; t: Time

• Respecitve equation:

c: Phase velocity (air: 330m/s)

• Common solution: Covered waves with identic speed of propagation in 

different directions

• Result: Always different types of waves that can be simplyfied in three 

base waves (plan waves, cylindric waves and ball waves)
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Physical fundamentals

Navier-Stokes-equation

Navier-Stokes describes the flow in Newton liquids
and gases

Navier-Stokes is a typical system of not linear part ial 
differential equations of second order:

Solving this equation-system
Finite differences, finite element, relaxations methods

Solution is possible in a convex/concave n-dimensional 
solution space (Hilbert-space)
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Bernoulli-equation

Continuity equation

Result:         ground speed of the vehicle
not the absolut vehicle velocity

Physical fundamentals
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Physical fundamentals

Maxwell equations

or

or

or
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Physical fundamentals

Maxwell equations

or

The application of the third Maxwell law leads to fo llowing sensor



Questions/problems as
-why better solving the differential system
-What is about continuity in the Hilbert space ...............
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Mathematics

Solving the equation systems
1. Applying the differential equation system
2. Applying sophisticated solution systems as the method

of the steepest descent
3. Observing the „n dimension hyper space“ with respect of 

discontinuity, convexity etc (Hilbert space, maximum 
principle of Pontryagin etc)

4.  Evaluation of the results by aid of test data sets



Wave

• Wave classes:

1. Medium/Mass attatched waves:

– Longitudinal waves: parallel to the propagation direction

– Transversal waves: orthographic to the propagation direction

2. Waves that don‘t need a medium:

– Light

– Radio waves

– X-radiation

– …

• Covering of waves:

Spectrum of waves of different 

frequencies (ex. Sunlight)
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Wave

• Doppler-effect

ü Change of the recogniced frequency with a relative movement of  sender

(policecar) and receiver (microphone)

ü Decreasing frequency: Car is leaving

ü Increasing frequency: Car is arriving
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Wave

• Refraction

Change of propagation direction between two mediums

Responding formula:

E: Incoming angel

E‘: Refraction angel

c1; c2: Wave velocity
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Wave
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Principles of measurement

• Running-time measurement / propagation-delay measurement

Object, sender/receiver,

sent/reflected ray

x: distance

v: velocity 

• Doppler-effect

fS/fR: sent/received frequency

vrel: relative velocity 
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Concrete systems

• RADAR, LIDAR, Ultrasonic-, Infrared-, Videosystems
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Concrete systems - RADAR

• RAdio Detection And Ranging

• Longrange-RADAR and shortrange-RADAR

• Measurement principles: 

– Doppler-effect for measureing the relative velocity and

– Running-time measurement for detecting the distance of objects

• Objects occur as moveing points in a reflection center

• Advantages of RADAR sensors: 

– Independence of weather conditions

– Direct measurement of distance and rel. velocity possible

• Disadvantage: 

– Objects occur as points (no realistic measures)
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Concrete systems - RADAR

• Longrange-RADAR

• Range: 2 – 120m

• Angle: +/-4°

• Since 2001 in mass production by Daimler, BMW, Audi, VW

• Minimum speed: 30 km/h

• Very unadaquate shortrange sensing
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Concrete systems - RADAR

• Shortrange-RADAR

• Range: 25cm – 20m

• Accuracy: +/- 20cm

• Angle: +/- 45° (hor.)

+/- 15° (vert.)

• Eff. Power: 1mW, low

• Legal and used in the USA since 2002

• Frequence authorization missing in Europe
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Concrete systems - LIDAR

• LIght-Detection-And-Ranging

• Example: „ALASCA“ by IBEO

• Class 1 Laser (safe for eyes)

• Wavelength: 1000nm, infrared rays, not visible for the eyes

• Angel resolution: 0.25°

• Range: 100m

• Accuracy: +/- 3cm

• Horizontal range: 270° (wide range!) at 10 – 40Hz

• Vertical range: 3.2° (four levels, see page 30)

• Principle: Light-running-time measurement with 14.4kHz 

lightpulsing
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Concrete systems - LIDAR

LIDAR-Scanner

• Advantages:

– High resulotion

– Direct measureing of distance and real object measures (no points!)

• Disadvantages:

– Weather

– Unreal refections
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Concrete systems - LIDAR

• Hard- and Software support

• Processing of the gathered

information necessary

• Classes:
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Concrete systems – Ultrasonic

• Only for the near environment (20cm – 1.5m)

• Wavespeed: 330m/s (slow)

• Frequency: 50kHz

• Direct measureing of distance with 

piezo ceramics (transceiving)

• Advantages: cheap, easy integration

• Disadvantages: covers short distance, low frequency (only 

usable up to 20km/h)

• Most used of all types of sensors!
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Concrete systems – Infrared camera

• Often used by the militaries

• Detection of warm/cold objects/environment as a source for 
generating a picture/film that can be watched regularly

• Infraredray-wavelength: 0,8 bis 1000micrometer

• Advantages: weather independent, night-use possible, HUD 
usable
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Concrete systems – Infrared camera

• FIR (Far-Infrared-Radiation)

• Wavelength: 7000 bis 12000nm 

• Range: 0 bis 200m

• No light source necessary

• Not used in cars (Problem: cooling, -200°C)

• But new optics with germanium and tex-glass make FIR 

attractive for cars

• Quality: 320x240 QVGA

• Can be ordered in Cadillac

cars (USA)
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Concrete systems – Infrared camera

• NIR: Near-Infrared-Radiation

• Wavelength: 800 bis 1100nm 

• Active light source necessary (front halogenlamps, 380 to 

2000nm )

• Range: 0 – 80m

• Silicium-sensors

• Quality: VGA (640x480 pixels)
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