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Abstract— In this work, we propose a novel taxonomy to
partition the problem of testing advanced driver assistance sys-
tems (ADAS) into three basic dimensions. These dimensions are
detailed and confirmed with recent research. Our framework
permits the consideration of open research questions which have
to be answered to pave the way for future highly automated
driving. Despite the importance of this problem, a similarly
comprehensive and structured survey has to the best of the
authors’ knowledge not been developed before.

I. INTRODUCTION

A. Motivation

Advanced driver assistance systems (ADAS) feature an
increasing degree of automation towards the goal of fully
automated driving for safe and comfortable travel. This trend
promises a reduction in the number and severity of traffic
accidents, of traffic congestions as well as fuel consumption
and thus leads to resource-saving mobility.

Therefore, intelligent vehicles have to perceive the en-
vironment, understand the current situation and plan and
execute an appropriate behaviour. Due to the highly com-
plex and dynamic workspace, algorithms for environment
perception and cognition tasks have to cope with uncertainty
in measurements and predictions.

However, with an increasing complexity of a system and
the system’s workspace, the effort for testing and evaluation
rises. The safety and reliability of future ADAS have to be
validated in high-dimensional and complex traffic situations,
including traffic participants with different horizons of acting
as well as interaction between different degrees of coopera-
tion. MAURER and STILLER comment that:

”If testing and assessment methods cannot keep
pace with this functional growth, they will become
the bottleneck of the introduction of advanced DAS
to the market.” [1]

Thus, new and efficient testing methods are required to pave
the way for future ADAS.

B. Goal of this paper

In this paper, a novel taxonomy of testing methods for ad-
vanced driver assistance system is proposed. In our opinion,
a structured reflection on recent accomplishments in research
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Fig. 1: Our taxonomy consists of three axes: 1) Test criteria
and metrics (Sec. III), 2) referencing (Sec. IV) and 3) test
scenarios (Sec. V).

is necessary in order to highlight open questions related
to future automated driving. Screening published testing
approaches with respect to the methodological challenges,
we have identified a framework of relevant axes. Thus, the
current state of the art is compiled and structured.

II. TAXONOMY

Our survey is based on the understanding that a test
performs an evaluation of:

A statement on the system-under-test (test criteria)
that is expressed quantitavely (metric) under a set
of specified conditions (test scenario) with the use
of knowledge of an ideal result (reference).

This understanding is based on the IEEE definition of testing
[2] and implies three different axes, as visualized in Fig. 1.

The eventual goal is to validate whether a statement on
the system is fulfilled. Thus, the derivation of technical test
criteria and metrics from non-functional requirements (e.g.
comfort, safety) represents the first axis in the framework
and is discussed in Sec. III. The second axis, detailed in
Sec. IV, is the reference system. This entity delivers ground
truth information for quantitative attributes, necessary for an
evaluation on an absolute scale. Thirdly, test scenarios repre-
sent specified conditions, under which the system-under-test
is evaluated. Due to a complex, uncertain and unpredictable
traffic environment, the definition and parametrisation of test
scenarios for intelligent vehicles is a non-trivial task. This is
detailed in Sec. V. Our taxonomy carves out open research
questions, summarised in the conclusion in Sec. VI.

Although the axes will be discussed separately, there are
of course dependencies. For example, in order to evaluate
the effectiveness of a collision mitigation system, one has to
define test scenarios that comprise accidents. This constraints
the possible ways of conducting the test to those, e.g.
simulations, which can be safely executed.
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III. TEST CRITERIA AND METRICS

The cornerstone of any ADAS test is a formal specification
of the statement to be tested. We differentiate between three
representations, that are 1) non-technical test criteria, 2)
technical system level criteria and 3) sub-system metrics.

At the highest level, requirements on a system, e.g. from
customers or legislations, specify the test goal. These are
of course system-specific, but might include dimensions like
comfort, reliability, robustness and safety [3]–[5].

We stress that it is often required to first translate such non-
technical criteria to a technical, quantitative level, which is
an important step of abstraction. The eventual test result thus
reflects a technical view only on the demanded statement.

The derived technical test criteria are in general function-
specific. For current ADAS though, one can often define
system level criteria on a high level of abstraction in terms
of a system response (correct, false) given an objective
reason for intervention [6]. We argue that this concept,
as it is visualised in Fig. 3, might be too simplistic for
future continuously intervening automated driving functions.
Hence, it might be necessary to define a generalisation to
continuous scales measuring the level of objective danger in
contrast to the appropriateness of the system’s reaction.

Lastly, criteria and metrics can be defined on a sub-system
level. That is because ADAS are typically not monolithic
but modularised systems, comprising sensors for environment
perception, algorithms for object tracking as well as situation
interpretation and action planning. To select appropriate
components and algorithms, metrics are required at this level.

At the perception layer, metrics quantify the completeness
and accuracy of an observation [7], [8], e.g. for image-based
sensors [9], [10], optical flow [11], stereo vision [12], [13],
LIDAR sensors [14] or a grid-based representation [15].

Similarly, object tracking can be evaluated in terms of
how complete and accurate the spatio-temporal estimates are
[16]–[18].

Quantifying the capabilities of situation interpretation and
action planning algorithms becomes increasingly ambiguous
though. On the one hand, recognised intentions of other
traffic participants and predictions of their future course may
be evaluated for being complete and accurate. Similarly,
control actions can be assessed in terms of tracking error,
control effort and robustness [3].

However, for future highly automated driving, this might
be insufficient. Therefore, metrics are required to measure
how human-like an autonomous vehicle can interact in a traf-
fic situation [1], though without the inherent imperfections
and misunderstandings caused by human drivers.

IV. REFERENCING

Test criteria, which aim at an evaluation of a system on
an absolute scale1, inherently require the definition of a
reference frame. Therefore, ground truth information has to
be obtained and we will review approaches to do so in the
following. Commonly, this is related to perception and object

1In contrast to a mere relative comparison between two systems.
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Fig. 3: Current ADAS are often evaluated on a binary scale
but fully automated driving requires continuous measures.

tracking tasks but this is mainly a question of the focus of
the test and technical feasibility.

Before we survey the different means for ground truth
generation, it should be remarked that this concept is an
abstraction of the real world and thus a postulated axiomatic
truth. For example, vehicles which are detected by a per-
ception sensor are typically abstracted to boxes with certain
position and size. As it is illustrated in Fig. 4, a similar
abstraction is performed for ground truth generation, e.g. by
using a more precise sensor. Thus, misconceptions in this
abstraction will propagate to the evaluation results.

We follow the usual classification, that there are two
fundamental approaches for creating reference data, namely
by measurement or simulation [18], [19]. The underlying
difference is the origin of the reference information which
can be empirical (data-based) or model-based.2

The ground truth property of the first approach has to be
justified by the accuracy of the reference measurement, e.g.
one order of magnitude better than the system-under-test.
In the second approach, accurate and realistic models are
assumed, so that the behaviour in a simulated environment
represents the real system. Thus, the ground truth property
relates to the congruence of these models with reality.

A. Reference by measurement

Obtaining reference data by sensory measurements is the
most intuitive approach at the perception layer. The basic
principle is to run a second, significantly more accurate (in

2Obviously, this differentiation is never really clear-cut. Using a reference
sensor often requires to map two different physical measurement principles
and thus models as well.
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Fig. 4: Reference systems deliver ground truth informa-
tion for the abstraction that is performed by a system
and hence perform an abstraction of reality themselves.

Fig. 5: FZI’s Cognitive Car: On-board reference sensors,
like a high resolution laser scanner, facilitate referencing
less accurate sensors.

terms of spatial and temporal resolution) reference sensor in
parallel to the perception system. Therefore, it is necessary
that both systems share a similar measurement space or the
mapping between these spaces is sufficiently simple.

One is then faced with a classical data association task,
where reference measurements have to be assigned to all
observations. For example, referencing a camera- with a
laser scanner-based obstacle detection, see Fig. 5, requires
associating all detected objects between both sensors. Per-
forming this association task efficiently and unsupervised
may become very challenging or impossible:

• Measurement spaces may be not perfectly congruent.
For example, depth maps calculated from stereo video
images and laser scanner point clouds exhibit different
behaviour at transparent surfaces, e.g. windows [20].
Further post-processing steps are hence necessary.

• For certain attributes, e.g. image classification tasks,
sufficiently reliable reference information cannot be
provided by technical devices. Hence, manual labelling
by human experts is required [21], which is a very costly
and time-consuming task.

• A lower sampling rate of the reference sensor requires
interpolation or limits the use to static scenes [20].

The key advantage of using reference sensors is that the
vehicle can be operated in the real world. Therefore, realism
with respect to environmental conditions, driver behaviour
etc. is automatically ensured.

The central drawback though is that only one situation
thread can be recorded in real-time and thus no alternative
reactions of the system can be incorporated (open-loop
testing). Moreover, a technical reference system may pose
additional restrictions on the range of operation [8].

The following survey concerns reference measurements at
the perception layer, i.e. the detection of static and dynamic
objects in the vehicle’s surroundings. Therefore, position and
motion quantities are to be obtained with high accuracy. Two
approaches can be distinguished, that are the use of on-board
or external reference sensors.

1) On-board reference sensors: Having a reference sensor
inside the ego vehicle allows a great flexibility, as the
evaluation can be performed without any prerequisites on the
test environment or other traffic participants. Many examples
are reported for different features and we will list these

according to the reference sensor that is used.
Laser scanner: Multi-layer laser scanners provide highly

accurate range information. This can be used to validate
the existence of object detections, e.g. for an image-based
pedestrian detector [21]. Likewise, position and motion of
dynamic objects can be obtained [22], [23].

High resolution laser scanner: In contrast to the former,
lidar sensors with dozens of scan layers provide a dense 3-D
image. This can be employed as reference for comprehensive
world representations, e.g. built from dense stereo video
images [20]. Creating reference measurements for objects
and static environment [24] as well as semi-dense 3-D maps
[25] are also reported.

Tri-focal optical sensor: An interesting approach pre-
sented in [13] is to use a third optical sensor as reference
for a stereo camera setup (prediction error evaluation).

Reference from the system-under-test: Lastly, spe-
cialised approaches are known which avoid the need for
additional sensors altogether by intelligent use of model
assumption. Concerning stereo imaging, [26] discusses a
pixel-wise reference for depth measurements on the road
surface by exploiting a planar road assumption. Similarly,
[27] proposes to check the existence and estimated velocity
of stereo vision features by comparison to the vehicle’s future
driving corridor, which is of course collision-free. Although
often impractical, one can also improve the accuracy in static
scenes by simply averaging over multiple measurements [28].

2) External reference sensors: Given that techniques for
vehicle localisation with a centimetre level accuracy exist,
these can be used to provide ground truth information for
sensors that measure relative distances.

To this end, both observer and observed vehicle are
equipped with, e.g. differential GPS, and their absolute
positions transformed to relative distances [8], [29], [30].
The concept is equally applicable to other objects such as
a remotely controlled moving base [3], full-scale robotic
vehicles [27] or artificial pedestrian dummies [31].

Apart from using satellite-based global positioning, cam-
eras mounted above a proving ground can be used to identify
and measure the position of vehicles below [32]. Using laser
scanners and video sensors, a similar concept is applied to
create a dataset of traffic at a public intersection in [33].
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B. Reference by simulation
Synthetic ground truth data solves many of the afore-

mentioned problems in the technical realisation of reference
measurements. A simulation model generates all underlying
input signals of the algorithm or system-under-test and maps
these to the ideal output signal.

For example, consider a camera-based algorithm for the
detection and distance measurement of vehicles. Here, the
ideal result is the correct distance if a vehicle is present
in the simulated scene. To test the algorithm, one has to
synthetically generate its input data, i.e. images. The validity
of all conclusions drawn from the algorithm’s assessment is
hence linked to the degree of realism of the synthetic images
(e.g., ambient lighting, shadows, reflections etc.).

One central advantage is that simulations provide an
omniscient observer model, which means that the past and
all future evolutions are known in every time step. Thereby,
ADAS components can be tested in closed-loop by regarding
the exertion of influence [34].

Another relevant aspect is the ability to easily combine
multiple simulation models and thus reuse existing work.
This is one of the reasons why many approaches focus on just
one specific but complex component of a holistic simulation
environment, e.g. models of vision-based sensors.

The central issue with simulations is that all conclusions
are only valid with respect to the underlying models. Thus,
an important question is how the realism of a simulation
environment can be evaluated and quantified. Contributions
on model validation have been reported for vehicle dynamics
[35], synthetic imaging [36] and human behaviour in driving
simulators [37]. Still, given the variety of sensors and other
parts of a simulation environment, e.g. other traffic partici-
pants, further research in this area could yield great value.

In the following, works on holistic simulation environ-
ments, as visualised in Fig. 6, will be surveyed first.
Secondly, dedicated models of environment sensors as the
central component of ADAS are reviewed.

1) Simulation environments: A simulation environment
comprising multiple idealised sensor models, vehicle dynam-
ics and traffic situations is developed in [38]–[40] within
the European research project DECOS. From an industrial
perspective, a similar objective is followed with the VIRTUAL
TEST DRIVE [41]. Another commercial product is introduced
in [42]. The development of an open-source solution is
presented in [43]. In [44], [45], a simulation architecture
is described and evaluated on the platooning behaviour
of automatically controlled electrical carts. Aiming at the
evaluation of a preventive pedestrian protection system, [6]
presents a simulation environment with probabilistic models
of driver’s and pedestrian’s behaviour as well as injury
severity in accident situations.

2) Simulation of perception sensors: Two levels of ab-
straction can be distinguished for the modelling of environ-
ment perception sensors. Depending on whether an early
indication on the feasibility of a new function or an in-
depth evaluation are strived for, either idealised high-level
or accurate low-level models can be employed [46].

High-level sensor models: In a generic approach, a sen-
sor’s ability to detect objects and environment features within
its field of view with a specific measurement uncertainty is
modelled [40], [47], [48]. Because an effect-based model
is created, the adaptation to different sensors is straight-
forward. However, the physical measurement principles and
hence sensor-specific effects are not taken into account.

Low-level sensor models: The goal is to accurately model
the physical measurement principle (cause-based), which
leads to sensor-specific models:

• Video sensors: A virtual camera sensor is presented in
[49] and with fisheye lenses in [50]. In [51], a model
is developed and compared to real images with a focus
on colour correctness.

• Stereo vision: An evaluation of stereo imaging algo-
rithms on synthetic and real images is given in [52].

• Radar: Realistic modelling of radar sensor measure-
ments in vehicular applications is studied in [53], [54].
To this end, multiple reflections per object and the
angular resolution are considered.

C. Combination of measurements and simulations

Given the strengths and weaknesses of the aforementioned
concepts, it is a natural further step to combine the advan-
tages of reference measurements with simulations [30]. Our
taxonomy distinguishes between two general concepts:

1) X-in-the-loop: As it is visualised in Fig. 7a, the overall
complex of vehicle, environment and driver is divided block-
wise (sequentially) to real world or virtual data. Examples
for this partitioning are:

• Hardware in the loop (HiL): Synthetic environment
models, e.g. renderings of 3-D environments, are pro-
jected on a screen and recorded by real video sensor
hardware [42], [55].

• Driver in the loop (DiL): A human driver takes a
seat in an artificial vehicle with projections of a virtual
environment and vehicle-like controls. An immersive
virtual driving experience can be generated but at the
cost of expensive, immovable simulators [56]. Hence, a
simple PC-based solution has been proposed in [57].

• Vehicle hardware in the loop (VEHiL): A real vehicle
is fixed on a chassis dynamometer and equipped with
real sensors. A robotic moving base acts as a control-
lable target [3].

• Vehicle in the loop (ViL): In contrast to the former
approach, a human driver is additionally included in the
simulation loop. In order to add virtual objects to both
human and the system’s perception, these are projected
into the driver’s gaze using a HeadUp display [58],
[59] or virtual reality glasses [60]. Because the potential
driver reactions stem from synthetic objects, a proving
ground with sufficient free space is required.

2) Augmentation of measurement data: For complex mea-
surement principles, e.g. vision-based, simulating all influ-
ences with sufficient realism can be infeasible. One approach
to alleviate this problem is to augment real recordings with
additional synthetic elements. For example, recorded video
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Fig. 6: An ADAS simulation includes
models of the environment, the human
driver, sensors and the vehicle dynamics.
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(a) X-in-the-loop: Hardware components
are connected to the virtual environment.
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(b) Measured and simulated environmen-
tal aspects are augmented and aligned in
order to test ADAS on both worlds.

Fig. 7: Different concepts of combining measurements and simulations.

sequences from test drives can serve as realistic image
background. Then, the simulated appearance of objects, e.g.
pedestrians [61], [62] or vehicles [63] is added to this
data. Effectively, real and virtual data are used in parallel,
as illustrated in Fig. 7b. A comparison between real and
augmented images is presented in [64], where a pedestrian
classifier is learned from both datasets and the eventual
performance is evaluated.

A different direction is pursued in [65], where image data
is first collected using 360◦ cameras and laser scanners. From
these raw recordings, synthetic images with an arbitrary
viewing angle and camera field of view can be rendered in
order to emulate different sensor configurations.

D. Conclusion

Retrieving ground truth information from measurements
is advantageous in order to capture real world realism (e.g.
environmental influences and human reactions) but often
limited in practice due to repeated effort per measurement.
The ground truth assumption can be justified by comparing
the measurement accuracy of the reference sensor and the
system-under-test. Generating reference data with simula-
tions offers the potential for reproducible closed-loop testing.
The main drawback is the high initial effort to build the
simulation environment. How to quantify the achieved degree
of realism has not yet been finally answered.

Generally, a further significant benefit of virtual test envi-
ronments is the ability to cover a variety of test scenarios, es-
pecially those which involve dangerous accident situations.

V. TEST SCENARIOS

In order to compare different (meta-) models for the
structuring and derivation of test scenarios, the term traffic
situation is generically defined to integrate different works.
Thereby, in our framework a test scenario is defined as the
sum of all relevant conditions in the workspace, under which
a system is operated during the test. This concerns dimen-
sions like road type, current weather, static environment and
especially other traffic participants. The fact that intelligent
vehicles have to cope with different grades of automation
increases the space of behaviours to be considered further.

Our taxonomy implies two general research questions in or-
der to structure the compilation of appropriate test scenarios
for ADAS to automated driving:

1) How to obtain test scenario definitions?
2) What is encompassed by the test scenario?

In each case, two different concepts of approaching these
research questions have been identified. They are visualised
in Fig. 8 and will be detailed in the following.
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Fig. 8: Our framework identifies two complementary axes of
defining and deriving test scenarios.

A. Test scenario inference

The first approach for the definition of a test scenario
is called knowledge-driven: Thereby, holistic considerations
lead to the definition of dimensions, which have to be taken
into account to build up a test scenario for the system-under-
test. In order to do so, known use-case catalogues or meta-
models can be used. In this approach, implicit information
is made explicitly available. This is similar to the concept
of deduction, where no extension of the deductive hull takes
place and thus, the resulting test scenarios are restricted to
the specified meta-models or use-cases.

In [66] an ontology for generating test and use-case
catalogues for cooperative vehicle guidance is presented.
A fundamental terminology is given in order to describe
the traffic situation dimensions from the ego vehicle’s point
of view. In [67] a meta-model consisting of four layers
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is presented: the road course, adaptions like building sites,
the traffic situation and the environmental conditions like
snow or rain. The model presented in [68] consists of three
dimensions, considering driver, environment as well as the
vehicle. These patterns are then refined with attributes and
can be instantiated in order to create a test scenario. A
hierarchical tree is presented in [69], which splits up a
situation into two sub-trees for the driver within its vehicle as
well as the locality. Another example for a knowledge-driven
derivation is given in [70] for a parking assist function. In
[71] promising design considerations for a testing language
are presented, which formalises different aspects of a test
scenario, including the cyber-physical system, traffic partic-
ipants as well as the definition of evaluation agents.

A data-driven approach on the other hand generalises
implicit information in empirical data in order to obtain crit-
ical dimensions. In [72], for example, the GIDAS3 database
is used to infer representative, critical traffic situations
for pedestrian protection systems. Similarly, [31] combines
accident data from different country-specific databases. In
[73] the traffic situation space is partitioned using accident
patterns from the database of the German Insurance As-
sociation [74]. Test scenarios for Autonomous Emergency
Braking (AEB) are defined in [75] based on an accidentology
study. These have been adapted to the EURONCAP testing
procedure [76] and their use in simulations is discussed [77].

B. Test scenario scope

The scope of the test scenarios is directly linked to the
conclusion that should be drawn from the test. That is,
the performance of a system-under-test can be evaluated in
specific singular use-cases case-by-case or concerning its
overall impact in the field. The importance of the latter
category, denoted as traffic-based, is that unwanted negative
side-effects are revealed as well [6].

As an example for case-by-case evaluation, a collision
prevention system can be evaluated within delimited accident
situations for crossing pedestrians [31], [72], [75]. This
enables the evaluation of an ADAS regarding its effectiveness
in a specific use-case. Similarly, [70] considers only the
geometry of parking spaces due to the limited functionality
of a parking assistant. In [38] situation templates are used,
that are parametrised by a single criticality factor.

In a traffic-based evaluation, generic traffic scenes are
considered. Typically, this applies to public road tests or field
operational tests like the Bertha-Benz drive [78]. Presented
in [79], [80] urban and inter-continental public road tests
are performed without any prior assumption on the passed
test cases. Thereby, varying road infrastructures, weather and
illumination conditions, and traffic patterns are included.

Reference sensor recordings from real test drives can be
replayed in simulations [81], however the behaviour of traffic
participants is implicitly contained, which restricts to open-
loop testing. In order to identify relevant scenarios from
recorded data, model-based footprints on different scales

3German In-Depth Accident Study

[82], [83], system exposure metrics [84] or machine learning,
e.g. of convoy merging situations [85], can be used.

C. Implications on future ADAS

Our taxonomy raises several questions, which have to be
discussed for the creation of test scenarios for future ADAS.

Systems with higher degree of automation have to cope
with more complex traffic situations. Thus, evaluating the
system’s performance in a case-by-case fashion becomes
tedious or leads to incomplete conclusions only.

It is therefore essential to consider efficient means for
traffic-based evaluation. The effort in inference of traffic sit-
uations from recordings is accompanied by the challenge of
achieving completeness when creating an all-encompassing
traffic situation world model. Growing and learning ontolo-
gies [66], based on an open-world assumption, may be the
key to this challenge.

VI. CONCLUSION

The main contribution of this work is the proposal of
several dimensions that allow comparing and contrasting
testing methods for advanced driver assistance system. We
demonstrate how a significant number of relevant works fits
into this framework and thus confirm its usefulness.

Despite the abundance of promising approaches that have
been identified and classified, a number of research questions
remain unanswered to date. These can be summarised as:

1) How to define test criteria to measure the performance
and safety of automated vehicles and transfer these to
quantitative metrics on system and sub-system level?

2) How to overcome the challenge of accurately mod-
elling complex measurement principles, e.g. in vision-
based sensors?

3) How to overcome the dilemma of testing the entire
complexity of real-world traffic?

Future works could tackle the problem with a twofold
approach, that is a reduction of the problem space and a faster
test execution, e.g. using simulations or analytical models.

On the one hand, efficient inference of test scenarios
could be achieved by an intelligent combination of data-
and knowledge-driven approaches. On the other hand, once
the challenges in different test scenarios are understood and
related to the individual components and algorithms of the
system, testing might be executed individually, using the
most efficient and accurate reference available at this layer.
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in städtischen Umgebungen,” in AAET - Automatisierungssysteme,
Assistenzsysteme und eingebettete Systeme für Transportmittel, pp. 87–
107, GZVB e.V, 2009.

[74] German Insurers Accident Research, “Unfalltypenkatalog der Unfall-
forschung der Versicherer (UDV): UNKA.”

[75] W. Hulshof, I. Knight, A. Edwards, M. Avery, and C. Grover, “Au-
tonomous emergency braking test results,” Proceedings of the 23rd
International Technical Conference on the Enhanced Safety of Vehicles
(ESV), 2013.

[76] R. Schram, A. Williams, and M. van Ratingen, “Implementation of
autonomous emergency braking (aeb), the next step in euro ncap’s
safety assessment,” Proceedings of the 23rd International Technical
Conference on the Enhanced Safety of Vehicles (ESV), 2013.

[77] C. Berger, D. Block, S. Heeren, C. Hons, S. Kuhnel, A. Leschke,
D. Plotnikov, and B. Rumpe, “Simulations on consumer tests: A
systematic evaluation approach in an industrial case study,” in Intel-
ligent Transportation Systems (ITSC), 2014 IEEE 17th International
Conference on, pp. 1474–1480, 2014.

[78] J. Ziegler, P. Bender, M. Schreiber, H. Lategahn, et al., “Making bertha
drive—an autonomous journey on a historic route,” IEEE Intelligent
Transportation Systems Magazine, vol. 6, no. 2, pp. 8–20, 2014.

[79] A. Broggi, M. Buzzoni, S. Debattisti, P. Grisleri, M. C. Laghi,
P. Medici, and P. Versari, “Extensive tests of autonomous driving
technologies,” Intelligent Transportation Systems, IEEE Transactions
on, vol. 14, no. 3, pp. 1403–1415, 2013.

[80] M. Distner, M. Bengtsson, T. Broberg, and L. Jakobsson, “City
safety—a system addressing rear-end collisions at low speeds,” in
Proc. 21st International Technical Conference on the Enhanced Safety
of Vehicles., 2009.

[81] U. Lages, M. Spencer, and R. Katz, “Automatic scenario generation
based on laserscanner reference data and advanced offline processing,”
in 2013 IEEE Intelligent Vehicles Symposium (IV), pp. 153–155, 2013.

[82] M. Benmimoun, F. Fahrenkrog, A. Zlocki, and L. Eckstein, “Detection
and classification of critical incidents by means of vehicle data,” ATZ
worldwide, vol. 114, no. 10, pp. 60–66, 2012.

[83] C. Berger, “Scenario pattern matching in large sensor recordings with
simulation models for cyber-physical systems,” Proceedings of the
46th Summer Computer Simulation Conference 2014, 2014.

[84] P. Glauner, A. Blumenstock, and M. Hauneis, “Exposition zur Raf-
fung der Felderprobung für Fahrerassistenzsysteme,” in 9. Workshop
Fahrerassistenzsysteme, 2014.

[85] M. Reichel, M. Botsch, R. Rauschecker, K.-H. Siedersberger, and
M. Maurer, “Situation aspect modelling and classification using the
scenario based random forest algorithm for convoy merging situa-
tions,” in 2010 13th International IEEE Conference on Intelligent
Transportation Systems - (ITSC 2010), pp. 360–366, 2010.

8


	Introduction
	Motivation
	Goal of this paper

	Taxonomy
	Test Criteria and Metrics
	Referencing
	Reference by measurement
	On-board reference sensors
	External reference sensors

	Reference by simulation
	Simulation environments
	Simulation of perception sensors

	Combination of measurements and simulations
	X-in-the-loop
	Augmentation of measurement data

	Conclusion

	Test scenarios
	Test scenario inference
	Test scenario scope
	Implications on future ADAS

	Conclusion
	References

