
INITIAL SITUATION

Advanced Driver Assistance Systems 
(ADAS) increase on the one hand the 
safety on the road by alerting drivers to 
critical situations which can lead even to 
taking action autonomously to avoid col-
lisions or reduce the severity of accidents 
(for example emergency braking func-
tion). On the other hand, they enhance 
driving comfort with features like auto-
matic parking, lane keeping assistance 
and adaptive cruise control. Drivers and 
passengers will only perceive a gain in 
comfort and safety if the support given 

by the assistance system is provided in a 
safe, reliable and pleasant manner.

Objective assessments of driveability 
perception, safety and perceived safety 
of ADAS are a great help to developers, 
because they give precise feedback on 
the shortcomings of the application in 
question, allowing developers to elimi-
nate such weaknesses effectively.

From the broad variety of new or 
advanced driver assistance systems, this 
article deals with these ADAS function-
alities: distance control as longitudinal 
guidance using Adaptive Cruise Control 
(ACC), lane assistance as lateral guid-

ance using Lane Keeping Assistance 
(LKA) as well as functions for auto-
mated/autonomous driving.

CONCEPT

The methodology pursued by the AVL 
tool AVL-Drive to achieve an objective 
assessment of subjective impressions 
covers the objective assessment of longi-
tudinal dynamics (operating and driving 
behaviour of engine and transmission), 
lateral dynamics (handling, steering, 
chassis suspension) and vertical dynam-
ics (chassis suspension comfort). Based 
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on measured variables supplied by sen-
sors and control devices, a variety of 
operating modes are detected automati-
cally, using fuzzy logic and behaviour 
patterns. These are physically evaluated 
in real time and assessed online by 
applying ratings in much the same way 
as driveability experts would do on the 
basis of their own subjective perception. 
For developing the rating modules for 
ADAS, this methodology was extended 
by adding an environment detection sys-
tem. The methodology shown in ➊ was 
applied in the project.

MEASURING TECHNIQUES 
AND ANALYSIS

The choice of sensors and measuring 
technique was made on the assumption 
that the assistance system was to be 
assessed either by the environment detec-
tion system built into the vehicle as stand-
ard or by special additional sensors. This 
would allow the use both of series-pro-
duction sensors and additional sensors. 
Radar sensors and lane-measuring video 
cameras serve as additional sensors.

The subjective ratings were provided 
by male and female subjects of various 
ages and with different levels of driving 

experience. The study was conducted on 
vehicle end-customers and driveability 
experts, who gave their subjective ratings 
on the driver’s seat (as driver) and on the 
front passenger seat (as passenger). Based 
on the evaluation of the surveyed criteria 
in conjunction with the comments in the 
questionnaires, it was possible to deter-
mine the necessary criteria for an assess-
ment of both ACC and LKA.

CORRELATION OF SUBJECTIVE 
PERCEPTION AND PHYSICAL 
PARAMETERS

To objectify subjective perception, it is 
necessary to defi ne physically measura-
ble variables that correlate with subjec-
tive perception. In the case of the driver 
assistance systems we are dealing with, 
the physical parameters are fundamen-

1. Selecting of sensors and measurement method

2. Performing tests with a lot of drivers:
    - Criteria, impressions
    - Subjective ratings
    - Influence of vehicle character

3. Correlation of human subjective perception and 
    sensor signals; training of formula and neural 
    networks

4. Implementation, validation

➊ Methodology for the objective assessment of subjective perception

OBJECTIVE ASSESSMENT 
OF DRIVEABILITY WHILE AUTOMATED 
DRIVING
Driver assistance systems increase both safety and driving comfort. AVL and Daimler describe here a method 

for the automatic assessment of quality and safety in these systems. This is illustrated by the example of three 

important features: adaptive cruise control (for longitudinal guidance), lane keeping assistance (lateral guidance) 

and automated respectively autonomous driving. Thus, AVL implements new rating procedures for assisted 

 driving into the tool AVL-Drive.

   12I2014     Volume 116 25



tally very different, as the ACC has an 
impact on the vehicle’s longitudinal 
dynamics, whereas the LKA and auto-
mated driving also affect the lateral 
dynamics. Even so, each key criterion 
results in an obvious main input varia-
ble. The accuracy of the ACC distance 
control is, of course, dependent on the 
distance from the vehicle ahead. In 
addition to what is probably the most 
important key criterion, a large number 
of additional physical variables were 
measured too to ensure a good 
correlation.

LKA SYSTEMS

Before developing the objective assess-
ment criteria and functions for tracking 
stability, lane control and choice of driv-
ing line for an autonomous vehicle with 
lateral guidance system or LKA system, 
extensive subjective ratings were carried 
out, as mentioned before. An analysis of 
the measured data from the test drives 
revealed that achieving a mathematical 
description of the subjective perception 
of tracking stability and choice of driving 
line is an extremely complicated matter. 

The perception of choice of driving line 
and lane control is not only character-
ised by a multitude of physical vehicle 
variables but also by the way the envi-
ronment and the course of the route are 
perceived. The perceived safety provided 
by the LKA system’s choice of course 
depends on the difference between the 
current and the expected choice of 
course.

Lane control rating is perceived as the 
control accuracy of steering wheel angle 
and yaw angle, as well as the choice of a 
driving line that seeks to follow a trajec-
tory within the lane, which the driver 
would perceive as pleasant and safe in 
all driving situations. Vehicle passengers 
will perceive the chosen driving line as 
calm, controlled and safe if, due to its 
combination of curves, the driving path 
largely corresponds to an ideal line with 
radiuses as large as possible and smooth 
changes of direction.

Studies on chosen test routes showed 
that when driving curves with very low 
lateral acceleration humans drive 
approximately in the middle of the lane 
and, already at low lateral acceleration, 
they have a tendency to move toward the 
ideal driving line with radiuses chosen 
as large as possible.

Here an example for choice of driving 
line assessment: ➋ (left) shows the driv-
ing line chosen exactly in the middle of 
the lane (blue line) for a slight left-right-
left curve combination. In the analysis of 
subjective perception, this choice of driv-
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ing line is rated as acceptable due to the 
relatively clear directional changes at 
road points 2 and 3 with regard to lane 
control.

② (centre) shows a slightly delayed 
lane control system reaction with 
regard to the centre of the driving line 
(blue line). Here, the relatively sharp 
changes in direction are perceived and 
rated as too late and, accordingly, also 
as unsafe at point 3, as the car steers 
too far towards the oncoming lane and 
traffi c.

The green choice of driving path in ②

(right) corresponds to an ideal line with 
the largest possible curve radiuses and 
the smallest possible directional changes 
within the lane. This behaviour was 
rated best in view of safety and superior-
ity perception. On the one hand, the 
example shows the demands placed on 
the control quality and the tuning of 
ADAS for automated driving and LKA. 
On the other hand, it reveals the high 
complexity involved in fi nding a way to 
represent human subjective perception 
of lane control based on physical meas-
urement parameters in an objectively 
assessable way. In addition, the traffi c 
situation (in ②, the oncoming traffi c) 
may also affect subjective perception, 
and thus the choice of the driving path.

ACC SYSTEMS

The physical parameters which needed 
for assessing an ACC system objectively 

are divided into vehicle mode data and 
environmental interaction data (situation 
relative to vehicle ahead or vehicle cut-
ting in, traffi c situation) as mentioned 
before for the LKA system.

Research on subjective perception has 
shown that car occupants exhibit poten-
tially the highest sensitivity to the ACC 
system’s start of braking and braking 
behaviour when the vehicle approaches 
a vehicle ahead moving at a slower 
speed or braking. In such cases, sensitiv-
ity is even higher than when encounter-
ing a so-called cut-in manoeuver.

APPLICATION EXAMPLES

With regard to the development and tun-
ing of ADAS, the use of AVL-Drive offers 
developers great advantages, especially 
for the analysis and evaluation of test 
drives. ➌ shows the objective ratings of 
the LKA system with the lane precision 
criterion of the LKA system on a longer 
test drive in semi-automated/autono-
mous driving mode.

In ➍ the ACC systems of four different 
vehicles are compared. Clear differences 
can be seen in the way they were tuned 
by the individual car manufacturer. 
Vehicle 3 exhibits a weakness in its stop-
ping behaviour because during the tests 
it occasionally stopped far behind the 
vehicle ahead, leading to a poor rating. 
On the other hand, Vehicle 3 was very 
agile and pleasant when pulling away 
from standstill.

BENCHMARK RESULTS

The AVL-Drive tool has been used in 
the vehicle and powertrain development 
process for many years to improve the 
quality of the vehicles and to enhance 
development effi ciency. ➎ shows the 
achieved quality improvements in 
series-production vehicles of different 
vehicle classes from 2006 till today 
(area in blue). The slight decline in the 
increase is caused by fuel consumption 
measures such as start-stop systems 
and downsizing.

⑤ also shows the overall assessments 
of ACC and LKA systems of different 
series-production vehicles. In current 
series-production vehicles, ACC systems 
all reach consistently a very high level 
of quality. Substantial improvements 
are also seen in the relatively new 
LKA systems. Nevertheless, there is 
 furthermore room for improvement, 
achievable by the use of better sensors 
and improved evaluation and control 
algorithms.

SUMMARY AND OUTLOOK

The presented method for objective 
assessment of driveability quality in 
driver assistance systems is implemented 
in the AVL-Drive tool. New driving mode 
detection functions and new objective 
assessment functions for subjectively 
 relevant driveability criteria for ADAS, 
such as semi-automatic driving with 
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ACC, LKA and highly automated/auto-
nomous driving, have been developed. 
In future, the new AVL-Drive module 
for assessing driver assistance systems 

can be employed in the vehicle develop-
ment process to achieve improved tun-
ing for the ADAS much more effi ciently. 
The module additionally enables auto-

matic evaluation of test drives in view 
of quality and safety.

The vast range of subjective ratings 
delivered essential insights into what cus-
tomers would perceive as the perfect ADAS 
design. Particularly important, in this 
respect, is the factor “perceived safety” 
alongside the factors comfort, dynamics 
and real safety. These insights will be 
incorporated into the further develop-
ment of ADAS on a continuous basis.

REFERENCES
[1] List, H.; Schoeggl, P.: Objective Evaluation of 
Vehicle Driveability. SAE Technical Paper 980204, 
1998, doi:10.4271/980204
[2] Schoeggl, P.; Ramschak, E.: Vehicle 
Driveability Assessment Using Neural Networks 
for Development, Calibration and Quality Tests. 
SAE Technical Paper 2000-01-0702, 2000, 
doi:10.4271/2000-01-0702
[3] Zehetner, J.; Schoeggl, P.; Dank, M.; 
Meitz, K.: Simulation of Driveability in Real-time. 
SAE Technical Paper 2009-01-1372, 2009, 
doi:10.4271/2009-01-1372
[4] Schoeggl, P.; Schrauf, M.; Holzinger, J.; 
Bogner, E.: Objective Driveability Assessment of 
Automated / Autonomous Driving. Motor & Umwelt 
Conference, Graz, 2013

➎ Benchmark results for ACC and LKA systems of series-production vehicles
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