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AKTIV – History of the Research Initiative
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AKTIV – Cost, Funding

• AKTIV    Adaptive and cooperative technologies for intelligent traffic
(Adaptive und kooperative Technologien für den intelligenten Verkehr)

• Total Budget 60 Mio. €

• Duration 01.09.2006 – 31.12.2010

• Funding about 27 Mio. €

• Supported by the

• More information    www.aktiv-online.org
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AKTIV – Project Overview

Active SafetyTraffic 
Management Cooperative Cars

Interaction

VehicleTraffic Network Communication
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AKTIV – 24 partners

• Audi          • BMW          • Daimler  • Ford • Opel          • MAN          • VW

• Bosch          • Continental • Ericsson          • Ibeo • Siemens

• ifak Magdeburg   • Uni Hannover   • Uni Kassel   • TU München   • Hochschule Saarland

• Allianz • DDG           • PTV           • Teleatlas        • TRANSVER        • Vodafone

• BASt • Verkehrszentrale Hessen

Partner in AKTIV AS Additional partner in AKTIV



Aktiv © 2011   •   2nd Intern. Conf. on Driver Distraction and Inattention (DDI 2011), Gothenburg, Sept. 5-7, 2011 9

AKTIV – Objective of Project Active Safety

Development of assistance systems

• to increase traffic safety 

• to reduce road traffic accidents

• to ease the driver‘s load

• to improve safety for vulnerable road users

• by holistic and robust perception of the driving environment 

• considering the driver
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AKTIV – Structure of Project Active Safety



Aktiv © 2011   •   2nd Intern. Conf. on Driver Distraction and Inattention (DDI 2011), Gothenburg, Sept. 5-7, 2011 11

AKTIV AS – Active Hazard Braking

Objective: Development of systems to avoid collisions and to reduce 
consequences of accidents by automatic braking adapted to the 
situation, earlier than existing emergency braking systems.

Base:
• High grade detection of the driving environment
• Accurate interpretation of the driving situation
• Plausible system decision adapted to situation 

Concept:
Typically graduated warning and interfering concept

(warning > braking > full braking) 
considering driver awareness and active 
driver assistance to avoid accidents or 
to reduce their consequences.
Single warning steps can be shortened or skipped, 
if necessary.
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AKTIV AS – Integrated Lateral Assistance

Objective: Continuous lateral guidance over 
full speed range:

• during lane keeping in straights and curves
• by taking into account objects in the

driving environment
• with high availability also in congested 

traffic and within construction zones

Base:
Detection of driving environment with 
high performance front oriented sensors
as well as integration of high-precision 
digital maps and positioning.
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AKTIV AS – Intersection Assistance

Objective: Enhancement of safety at intersections 
by avoiding driver failures and critical manoeuvres.

Support of the driver 
• while crossing the intersection, 
• during turning and entering, 
• to keep the adequate distance to the 

preceding vehicle

Base:
Onboard sensing systems (radar, lidar, 
video), cooperative sensors such as 
V2V communication, 
Integration of positioning and digital maps, 
comprehensive situation analysis
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AKTIV AS – Pedestrian and Cyclist Safety

Objective: Enhancement of safety for vulnerable road users

Development of active means for protection:
• Driver warning (acoustic, optic and tactile)
• Warning the environment (horn)
• Active intervention in braking and steering
• Active protection mechanisms 

(e.g. reversible tilting hoods)

Big challenge for sensor systems (radar, lidar, video)
• High diversity of appearance in complex traffic environment
• High processing speed and robust environment detection
• Adaptive situation analysis

Development and test of strategies to avoid accidents and
to soften impacts.



Aktiv © 2011   •   2nd Intern. Conf. on Driver Distraction and Inattention (DDI 2011), Gothenburg, Sept. 5-7, 2011 15

AKTIV AS – Driver Awareness and Safety

Horizontal project with the objectives of …

Monitoring driver attention
• by detection of driver behavior
• by detection of line of sight and position of head 
• prototypic presentation and comparison

Consideration of attentional level for driver assistance systems
• integration of driver attention in warning and 

interfering concepts of the applications 
• methods to enhance driver’s attentional level

Test methods in the process of development
• development tools for testing sensor systems
• test methods for usability & controllability for driving simulator and field

General conditions and consequences of use
• long-term effects of assistance systems on traffic safety
• analysis of effects and benefits based on accident studies
• legal aspects regarding liability and introduction of assistance systems
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Motivation and Benefit

Result of 100 car-study (NHTSA, 2006):
driver distraction or inattention involved at

• 78% of accidents

• 65% of near-accidents
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Motivation: Inattention as a main 
accident cause

Benefit of information about 
attentional level

warning, 
general 
case

delayed warning 
when driver is 
attentive
reduction of false 
alarmes

earlier warning 
when driver 
distracted
Increased 
usefulness

• Feedback system

• Reduce warn dilemma by parameterization of 
Driver Assistance Systems (DAS)
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Measuring the Driver‘s Attention

Principle approach within AKTIV

A driver has the correct attentional level to fulfill the primary driving if …
• he can perceive all visual and acoustic information relevant for the driving task
• he has the cognitive ressources to react in an appropriate way.

There is no direct measurement of the attentional level.

The approach in AKTIV is to assess the attentional level by behavioral analysis.

Measurement of driver attention

by driving parameters by operational behavior by interior camera
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Interior Cameras

Head orientation and gaze direction to
assess the driver‘s visual behavior

Use of different systems within AKTIV
• Seeing Machines DSS-R 3.0
• SmartEye AntiSleep and SmartEye Pro
• own camera modules (Continental)

Vehicle integration of cameras
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The camera is detecting the driver‘s visual attention by analyzing his head 
orientation.

Head in driving direction means attention,
head to the side means inattention.

The two states are named „on road“ and „off road“.In the image five components of the face are searched, e.g. mouth and nose.
They can be detected only if the head is oriented in driving direction.

Detected components are colored in the image.
With less than three components the state „off road“ is assigned.

Camera-based Detection of Visual Distraction

Video Statement (German language with English subtitles)
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Visual Distraction by Head-pose Evaluation

System description

CMOS mono-camera system 
Integration of camera and near-infrared LEDs
Search for components in driver’s face
• right eye
• left eye
• nose bridge
• whole nose
• nostrils

On-road classification within 25°(hor.)   / 12°(vert.)
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Increasing Robustness of Camera Algorithms

Use „on-road“ value when occultations are detected to avoid false alarms
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Driving Parameters – Physiological Model

Source: Würzburg University

Attentiveness

Tonic component
“Alertness”
dependant on time of day

Phaseal component
Reaction on stimulimay enhance

• temporarily
• w.r.t. available 

resources

Activation of the central nervous system

to be controlled 
intentionally 

not to be 
controlled 
intentionally

Selective Attentiveness
Selection of information 
from the environment

Divided Attentiveness 
Organization of multiple 
tasks (parallel or 
sequential)

Constant Attentiveness
Maintenance of 
attentiveness over a 
period of time (vigilance)

short term (seconds) long term (minutes..hours)

Time aspect 
(significant for information / 
warning systems)



Aktiv © 2011   •   2nd Intern. Conf. on Driver Distraction and Inattention (DDI 2011), Gothenburg, Sept. 5-7, 2011 24

Driving Parameters – Literature Overview

Driving parameters and their relation to attentional level (studies from literature)
Source: Würzburg University

Parametergruppe Parameter 
Time on 
Task 

kognitive 
Ablenkung

visuelle 
Ablenkung 

unsichere 
Situationen

komplexe 
Situationen

unkontrollierbare 
Situationen Zeitdruck 

Längsregulation Abstand 0 + + +   - 
 v_mean 0 0 - - -   
 v_sd + + +  +   
Querregulation SDLP + 0 (-) + + 0  0 
 n Spurübertretungen +  0     
 t Spurübertretung +  0     
 Spurposition_mean 0 0 0  +  - 
 t innerhalb Spur   0     
Lenkverhalten Lenkfrequenz  0 +  0   
 Lenkfrequenz_sd +    +   
 Lenkgeschwindigkeit 0      + 
 Lenkgeschwin._sd +      + 
 SWRR - 0 +     
 Steering Entropy  + +     
 N große Korrekturen +  +     

 N kleine Korrekturen -       

 
N schnelle 
Lenkbewegungen +- 0 +     

Kohärenzmaße 
Güte des 
Folgeverhaltens  - -     

RT auf kritische Ereignisse Bremsreaktionszeiten  + +     
 RT in PDT + + + +    
 RT in VA 0       
 % vermiedene Koll     0   
N Fahrfehlern   0 + + +   
Risikoverhalten Anzahl Spurwechsel  - -  -    

 
Aggressives 
Verhalten      + + 

 Regelverstöße  +    +  
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Get more Empirical Data – Drowsiness

road: width 3,5m
length of lap 1,9 km

duration: 3h

stimuli: predictable

driving task: maintaining a speed of 50 km/h

driving according to their habits
no conversation

subjects: 46
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… more Data – Driving with Secondary Tasks

 Road trial 1: induce distraction by fixed 
secondary tasks
 Length 92km, mixed roads
 16 subjects
 20 secondary tasks on DIS

 Road trial 2: check for self-induced 
secondary tasks
 Length 41km, mixed roads
 33 subjects
 secondary tasks: self determined
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Analyze Individual Features in Driving Data

Typical example of plateaus in throttle position (blue=attentive, red=distracted)
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Additional Approaches via Machine Learning

 velocity
 acceleration pedal
 pedal plateau sum
 pedal prediction error
 steering angle
 steering velocity
 steering deadband
 steering prediction error
 steering gap
 std of steering angle
 yaw rate
 offset left
 offset right
 tlc left
 tlc right

 tlc event
 steering angle zero crossings
 lane change index
 turn index
 Features of Torkkola

 distToLeftLaneEdge_rd5_ra9
 steeringWheel_rv9
 stat3_of_steeringWheel_accel
 steeringWheel_ent15_ra9
 distToLeftLaneEdge_rv9
 crossLaneVelocity_rv9
 stat3_of_crossLaneVelocity_distToLeft

LaneEdge
 steeringWheel_rd5_ra9
 accelerator_ent15_ra9
 accelerator_rv9
 accelerator_rd5_ra9

Features for machine learning approach (Random Forests, Decision Trees)
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Operating Behavior

Easy in-vehicle access to numerous operating elements – what do they mean ?
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Experiment on Operating Complexity

Method:
• test drive of 90 km length 
• 31 secondary tasks given to the drivers
• subjective assessment of operating difficulty
• objective assessment of operating difficulty
• 24 subjects

Results:
• complexity assessment for each individual

secondary task
• criticality of control task by assessment of

driving performance
• model to evaluate distraction effect of 

operation derived from these values Histogram of distribution of pause lengths
between subsequent steps of operation
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Measuring the Driver‘s Attention

Summary of main assessment of the different approaches

Technical approach Advantages Disdavantages Suitability
Driving parameters • no additional HW

• can be individualized
• interference with 
assistance systems
• long learning phase

drowsiness
(distraction)

Operating behavior • no additional HW
• instantaneous values
• visual and cognitive

• no nomadic devices
• driver‘s preparation 
phase not detectable
• not differing driver 
and co-driver

distraction (vis./cogn.)

interior camera • detection of head 
and gaze direction
• best measurement 
for visual distraction

• requires camera HW 
and integration
• no cognitive 
distraction detectable
• robustness of 
measurement

distraction (visual)
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Principle for Adaptation of Assistance Systems

Functional architecture for adaptation of system for pedestrian and cyclist safety 

Front
Camera
Front

Camera

Lidar
(optional)

Lidar
(optional)

Pedestrian & 
Bicyclist
Detection

Driver Warning &
Brake Activation 

Signal

Collision Risk 
Assessment, 

TTC 
Estimation

Driver warning 
adapted to the level 

of attentiveness

Vehicle Motion (velocity, yaw rate)
Driver Activity (accelerator, brake, etc.)

Vehicle
CAN

Driver
Camera
Driver

Camera
Driver Inattentiveness 

Monitoring

Driver Inattentiveness:

• Driver inattentive (Yes/No)

• Time of driver inattentiveness (in sec)

• Signal availability / confidence
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Principle for Adaptation of Assistance Systems

Warning concept for pedestrian and cyclist safety system considering driver attention 

3 sec

2.7 sec

2.5 sec

C
ol

lis
io

n 
ris

k
in

de
x

Vi
su

al
 D

is
tra

ct
io

n 
D

ia
gn

os
tic

4 sec

VDD 
or 

CDD
Gas

attentive

inattentive

Off

On

No warning No warning

Warning
normal

1.8 sec
VDD 

or 
CDD

V<-5

attentive

inattentive

Yes

No

No warning

Off

On

No warning

0.9 sec

V<-10?

No

Yes

No warning
W

arning decision
process

D
etection

process

Normal 
timing

Early
timing

Gas

Warning
hard

Warning
normal

Warning
hard

C
og

ni
tiv

e 
D

is
tra

ct
io

n 
D

ia
gn

os
tic



Aktiv © 2011   •   2nd Intern. Conf. on Driver Distraction and Inattention (DDI 2011), Gothenburg, Sept. 5-7, 2011 35

Effects in Reaction Time – Secondary Tasks

Method:
• driving on freeway behind truck at 80 km/h

(ACC controlled for safety reasons)
• 4 conditions with secondary tasks

• use of information system (radio, navigation)
• phone conversation
• seat/climate control operation
• no task (control)

• visual reaction task in head-up Display
- react on steering wheel control (left/right)

• 25 subjects, 40 trials per condition

Results:
• mean reaction time difference of 0.5 sec

(for all tasks without motoric aspects 
but phone conversation)

• 85th percentile of most difficult task at 1 sec
(can be chosen as value to adapt systems)

Links/Rechts-Vergleich der einzelnen Nebenaufgaben 
hinsichtlich der absoluten Reaktionszeit
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Vehicle-in-the-Loop – Description of Test Method

Principle: Coupling of driving 
simulator and test vehicle

■ The subject receives virtual objects 
within a real driving environment
(perception on Head-mounted Display)

■ Driving dynamics, kinesthetic and 
vestibular cues remain realistic due to 
real vehicle surrounding
(minimizing simulator-sickness)

■ Two different operation modes
■ Augmented Reality

(semi-transparent)
■ completely virtual

■ Suitable especially for safety-critical 
driving experiments
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Effects in Reaction Time – Safety-critical Situation

Method:
• use of „vehicle-in-the-loop“ on test track

(augmented reality mode)
• car-following situation with virtual lead car
• road signs to motivate head turning for diffe-

rent degrees (observe the change in color) 
• sudden braking maneuver of lead car
• measurement of driver‘s braking reaction time

(dependent of actual head orientation at start)
• 45 subjects

Results:
• individual differences and large variance, 

but reaction time difference of 20 ms / °
can be used as approximate value

• method of vehicle-in-the-loop suitable
for safety critical tasks
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Demonstration 1 – Collision Avoidance

Demonstration of a collision avoidance function
Calculate distraction from
• driving parameters (steering wheel, throttle)
• operating behavior

Combine for overall level of distraction

Adapt the time of driver warning
(acoustic and visual warning)
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Demonstration 1 – Collision Avoidance

Conventional Warning     
The collision warning will be issued too late, 
if the driver is distracted –
his reaction time is too long to avoid the 
colision

Adaptive Warning     
If a distraction of the driver is recognized, 
the warning will be issued earlier –
a collision can be avoided
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Demonstration 2 – Traffic Light Assistance

Demonstration of a traffic light assistance
Calculate distraction from
• operating behavior
• head orientation

Combine for overall level of distraction

Adapt the time of driver warning
(acoustic and visual warning)

Additional adaptation of position of visual warning
(cluster instrument plus overlay in information system)
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Demonstration 2 – Traffic Light Assistance

Conventional Warning     
The conventional warning can be too late 
for an inattentive driver –
late reaction results in need for sharp 
braking maneuver

Adaptive Warning     
The attention-adaptive traffic light assistant 
issiues an earlier warning –
the driver has enough time to stop with an 
ordinary braking maneuver
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Managing the Attention for Truck Drivers

Objective: Keep the driver‘s attention on appropriate level

What is the effect of a continous lateral support on driver attention?

Options for system adaptation:
• change degree of lateral support

(more support if workload is higher)
• vary following distance to avoid

monotonous situations
• give driver the option to choose the 

level of support 

Different approaches were implemented
in truck driving simulator.
Effects studied in empirical tests.
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Exploitation of AKTIV results

Status of AKTIV initiative

presented to the public at Final Presentation
June 23/24, 2010 (Mendig)

project officially terminated at
December 31, 2010

Follow-up activities

exploitation of project results
individually by partners

For driver attention this means:
Introduce the results to series cars
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AKTIV is over – what‘s next?

Outlook – the research initiative UR:BAN

Trends and Challenges
• increased mobility requirements in highly

populated areas
• sustainable design of urban mobility
• increased safety expectations in urban traffic
• need for integrated driver assistance
• more intelligent traffic infrastructure
• user-friendly driving and traffic assistance

The UR:BAN approach
• former activities were concentrated on freeway

and highway traffic
• trend towards urbanization asks for city-friendly

assistance and traffic management
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Careful analysis showed that inattention of the driver is a contributing factor in 
70% of all accidents.

In a critical situation, the reaction time of a non-attentive driver is about one 
second longer than for an attentive driver.

Therefore, we have developped different procedures to detect the inattention 
directly in the vehicle.

This works for example with interior cameras detecting gaze direction or head
orientation, by analysis of operating behavior at radio or navigation system

… or by detailed analysis of the driver‘s behavior with pedals and steering wheel.Using this information the warning of an emergency brake system will be given 
one second earlier, to reach the full safety potential of the system.

Summary

Video Statement (German language with English subtitles)
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Thanks for your attention !


