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1 Executive Summary

Personal mobility is a key aspect of social participation. Most of the travel is still carried out using
manually driven passenger cars. Despite the many advantages of this form of mobility, it also leads to
risks to road safety. Every year, the Member States of the European Union record around 20,000 road
deaths and a far higher number of serious injuries.

To realise the vision of accident-free mobility, the European legislator has made the implementation of
safety-related advanced driver-assistance systems mandatory for new vehicles. These systems have
considerable potential to significantly improve road safety. Scientific analyses show that the use of driver
assistance systems can significantly reduce the number of people killed and injured in road traffic
accidents. With the increasing market penetration of these systems and further improvements in their
performance, disproportionately large improvements in road safety are expected in the coming years.

To realise the full safety potential of ADAS in real-world vehicle operation throughout their entire service
life, it is essential that they function as intended. Unnoticed functional impairments caused by damage,
ageing and wear and tear, as well as by repairs that have not been carried out or have been carried out
incorrectly, or by faulty calibrations, reduce the effectiveness of the systems in operation. Even though
it is currently difficult to quantify ~ ADAS faults in the field with any precision, studies and analyses
show that a significant number of vehicles do not function as intended.

The use of ADAS leads to a significant increase in vehicle complexity, placing high demands on garages
and insurers, as well as on the periodical technical inspection (PTI). Even today, the fitment and condition
of the systems are checked manually, visually and electronically. This approach enables numerous
defects to be identified and safety risks to be minimised; however, the detection rate of current testing
procedures is limited. To significantly increase the depth of testing and to ensure the functional reliability
of modern vehicles in the long term, it is essential to expand the PTI to include a dedicated function and
efficiency test.

This paper demonstrates the need to extend the general roadworthiness test to include a function and
efficiency test of advanced driver-assistance systems. The argument is based on a meta-analysis of
existing research and studies, which examines in detail the safety potential of driver-assistance systems,
known instances of failure in the field and possible testing approaches.
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2 The contribution of driver assistance systems to road safety

Road safety objectives

Most of the private transport in Germany and many other countries is currently provided by manually
driven passenger cars. Despite a range of new mobility solutions and concepts that are creating greater
diversity in transport, particularly in urban areas, the passenger car remains the most important type of
transport for passenger travel [1]. In recent years, various developments in vehicle propulsion systems
and the integration of ADAS have brought lasting changes to vehicles. In addition to improvements in
environmental and climate protection, the focus is particularly on enhancing road safety.

Through the ‘Pakt fiir Verkehrssicherheit”, Germany’s key objective is to reduce the number of road
deaths by 40 per cent by 2030 compared with 2021. In addition, the number of people seriously injured
in road traffic accidents is to be significantly reduced [2].

European road safety targets stipulate that the number of people killed in road traffic accidents should
be reduced to half by 2030 compared with 2019. By 2050, the aim is to have zero road deaths.

The United Nations also reaffirmed the Vision Zero target in the ‘Stockholm Declaration’, which aims to
reduce the number of road traffic fatalities and serious injuries to zero by 2050. In specific areas of
action, measures such as investment in safe infrastructure and the promotion of safe vehicle technologies
are recommended [3].

Although the European Court of Auditors considers it unlikely that these targets will be fully achieved,
ADAS will make an increasing contribution to preventing road deaths and serious injuries during the next
years [4].
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Figure 1: Number of road deaths in the EU (green), EU objective for 2030 [5]

Under Regulation (EU) 2019/2144 (General Safety Regulation II, GSR II), key safety-related driver
assistance systems have been made mandatory from July 2022 for newly type-approved vehicles and
from July 2024 for all newly registered vehicles [6] . Market penetration of these systems is expected to
reach approximately 50% by 2030 [7]. Furthermore, minimum requirements for these systems are
defined in the relevant regulations and standards (e.g. UNECE R 152 [8]). It can be assumed that the
actual implementation of the systems will, partly, exceed these minimum requirements.
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Relevant systems in the context of this analysis are:
e Automatic Emergency Braking (AEB)
e Intelligent Speed Assistance (ISA)
e Emergency Lane Keeping Assist (ELK)
o Reversing assistant

Although road safety in the European Union has improved in recent years thanks to a series of measures
and developments, approximately 20,000 people currently die each year because of road traffic accidents
[9]. The number of seriously injured people is estimated to be over 100,000 [10]. 2,814 people lost
their lives in road traffic accidents in Germany in 2025. 48,400 people were seriously injured [11]. ADAS
have great potential to reduce these figures, particularly if their functionality also considers interaction
with vulnerable road users. [12] estimates that, over a period of 15 years following mandatory
introduction, there will be approximately 25,000 fewer road deaths and 140,000 fewer serious injuries
than there would be without these systems. It should be taken into account that market penetration will
continue to rise over this period and that, as a result, the reduction in the number of road deaths and
serious injuries will not be linear but will increase disproportionately.

Effectiveness of ADAS

Driver assistance systems are developed and validated under defined conditions using specific
scenarios, both through simulation and during real-world driving testing. As part of the type-approval
process, the systems’ characteristics are tested for compliance with statutory minimum requirements
and standards. As conditions in real-world traffic can vary greatly, the actual effectiveness of the systems
is lower than the theoretically possible level. It must also be considered that some systems warn the
driver but do not intervene in the vehicle’s control systems. These warnings, such as those from a
reversing assistant, can be overlooked or ignored, resulting in reduced effectiveness. Despite these
limitations, ADAS are already leading to significant reductions in road traffic accidents and the related
personal injuries.

[13] reports a 50% reduction in accidents for AEB systems in the case of front-to-rear collisions (56%
for accidents resulting in injuries). Other sources attest to an effectiveness of 49% [14] or 45% (58% for
accidents involving injuries) [15] for AEB systems, also for rear-end collisions. It should be noted that
these figures are not based on the total number of all accidents. As the analysis is limited to specific
types and conditions of accidents, the impact on real-world accident patterns is only partially reflected:;
nevertheless, the systems’ suitability for reducing accidents is demonstrated. Although quantitative
extrapolation to other countries is only possible to a limited extent due to the specific characteristics of
US traffic on which this data is based, the qualitative correlations are transferable to other countries and
regions. A study from the UK [16] confirms that AEB systems are the most effective of all driver
assistance systems, achieving a significant reduction in accidents in the categories of junctions (28%),
rear-end collisions (27.7%) and accidents involving pedestrians (28.4%), provided the entire vehicle
fleet is fully equipped with these systems.
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Figure 2: Potential reduction in rear-end collisions through ADAS, 10 most common accident scenarios [16]

The potential for accident prevention through systems designed to monitor traffic behind the vehicle and
to prevent lane departure is estimated to be lower in the studies available. [13] states that a lane departure
warning system is 21% effective in preventing single-vehicle accidents resulting in personal injury. The
same study finds a 23% reduction in lane-change accidents resulting in injuries when a blind-spot
warning system is fitted. It should also be noted here that, when considering all road traffic accidents,
the actual effectiveness is significantly lower.

ADAS functionality over the vehicle’s lifetime

A key prerequisite for the correct functioning of ADAS is the perception of the vehicle’s surroundings by
sensors installed in the vehicle for this purpose. Only when the systems function as intended their full
potential for accident prevention and the mitigation of accident consequences can be realised. Like any
other system in the vehicle, driver assistance systems can suffer a degradation in performance due to
damage, improper repairs, tampering or ageing. Conditions may also arise that already lead to a
significant reduction in performance, yet are not recognised as faults by the vehicle’s diagnostic system
and are not indicated to the driver [17] ,[18] ,[19] ,[20] ,[21] ,[22].
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Based on the research and studies analysed as part of this meta-study, there is ample evidence of
potential reduction in ADAS functions during operation. However, the sources considered do not allow
conclusions to be drawn regarding the full range of faults that may occur during operation and their
frequency in the field. The use of accident data to indirectly infer the nature and frequency of ADAS faults
is also limited, as the way this data is collected means that no conclusion can be drawn regarding ADAS
faults as a cause of accidents. In [23], the road safety potential of AEB systems was determined using
simulations based on known accident scenarios. Due to the lack of actual data on the frequency of faults
in the field, the confidence in the quantitative findings of this type of analysis remains limited, even if the
methodological approach is correct.

Driver assistance Systems enhance road safety and are an important tool for achieving the transport policy
objectives of Germany and the European Union. During operation, functional impairments may occur
which are often unnoticed by the driver and can only be partially detected using current PTI test methods.

Potential faults and their associated frequencies in motor vehicles cannot be precisely determined using
currently available sources. The following chapter therefore demonstrates, through a detailed analysis of
known faults and anomalies, that a significant number of vehicles with impaired ADAS functionality can be
expected to be in operation.
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3 Derivation of the need for extended testing based on known fault
cases

In the following chapter, a qualitative overview of potential faults and their effects is provided through a
detailed analysis of existing studies, investigations and other sources.

Research results on the functional impairment of ADAS caused by misaligned environmental
Sensors

Mechanical misalignment of the sensors required for correct environmental detection plays a significant
role in the context of ADAS malfunctions. This misalignment can be detected by the on-board diagnostics
system, and the driver can be alerted to the malfunction once a vehicle- and system-specific threshold
is exceeded. It is possible to flag this as a defect during the PTI by using data from the on-board
diagnostics system. If the misalignment is below the so-called misalignment threshold, the system
tolerates it. However, existing studies show that even when misalignment falls within the tolerance range,
a sometimes significant deterioration in performance occurs.

Adjustment OK Range of tolerance Adjustment not OK

Correct alignmeni Increasing misalignment of the sensor

mpd

ADAS deactivation

[

m===e uj] JUSWIUBIESIN

Effect on ADAS?

Figure 3: Sensor misalignments in vehicles [24]

In [19] DEKRA investigated the effects of camera misalignment on the functionality of the AEB using
three test vehicles. Furthermore, the study examined the influence of rear radar misalignment — such as
that which may occur following a minor parking collision — on the warnings issued by the blind spot
assistant. In both cases, significant functional limitations occurred, even though the faults were not
detected as such by the on-board diagnostics system. In the scenarios for the AEB investigation,
collisions occurred with test targets that the system would have been able to avoid had it been correctly
calibrated. The blind-spot assist warnings were also delayed, leading to an increased safety risk. Even
prior to this investigation, the ErVast research project — in which DEKRA participated — had identified
similar effects on the AEB of a test vehicle caused by manipulation of the front camera [21]. The
adjustment angles of the front camera were correctly detected by the vehicle as part of a dynamic
calibration. However, as these were within the tolerance limits, the self-diagnostic system did not flag
any fault.

A white paper by Ascential Technologies [18] examines the impact of poor or faulty calibration of the
front camera and front radar on a 2024 Nissan Altima. The results show a significant deterioration in
performance, manifesting as collisions with the targets used, which were prevented in tests conducted
with correct calibration. Furthermore, delayed warnings and system failures of the lane departure warning
system were also observed due to incorrect or missing calibration of the front camera.
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Figure 4. Vehicle collides with a vehicle target without braking (sensors misaligned, calibration missing), left; vehicle collides
with a pedestrian dummy (actual condition after 12,900 miles, collision avoided following calibration), right [18]

In [24] FSD Fahrzeugsystemdaten GmbH and DEKRA present a comprehensive study of the impact of
misalignment of radar and camera sensors on three test vehicles. The study examined both front and rear
scenarios in which the sensors were misaligned individually as well as in combination. Various vehicle
and occupant dummies were used for the scenarios, some of which were based on NCAP criteria. To
draw well-founded conclusions about the functionality of the ADAS, the tests were conducted at low and
medium speeds.

The results show measurable, negative effects on behaviour of the ADAS under consideration. Compared
with test drives without sensor adjustment, vehicle-specific collisions (ACC and AEB), reduced time to
collision (AEB), altered control behaviour (ACC), delayed warning times and missing warnings (AEB,
BSM and SEW), as well as faulty warning sequences and steering corrections (LKA) were observed. All
adjustments and manipulations to the vehicles were carried out within the tolerance limits of the vehicles’
self-diagnostic systems. In addition, a run-in routine for ‘self-calibration’ of the system was performed
prior to the test. The driver was not informed of any potential malfunctions of the ADAS. Figure 5
illustrates the test results for one of the vehicles examined.
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Figure 5: Performance degradation due to adjustment of the environmental sensors near the misalignment limit [24]
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Effects similar to those caused by sensor misalignment can also result from modifications to the vehicle
or its chassis. In [25] TRL investigated the influence of changes in vehicle height — caused by raising or
lowering the vehicle — on ADAS functionality. The study concludes that changes to vehicle height also
have a vehicle- and sensor-specific impact on ADAS functionality. Altering the height of the sensors also
affects the detected distance to objects ahead. Calibration following suspension adjustment is necessary
to ensure the correct functioning of the ADAS.

Impaired ADAS functionality due to faulty repairs and incorrect calibration

As result of an accident or a minor parking collision, a sensor may be misaligned. This can occur with
radar sensors, which may be concealed behind bumpers or radomes, but are sometimes also fitted
directly into the bumper. However, the repair work itself can also interfere with the radar sensors. In the
study presented in [20], the impact of repairs to rear bumpers within the radar's field of view is examined.
The application of body filler and subsequent painting in this area can lead to the detection of non-
existent objects, sporadic system errors and reduced detection ranges. Furthermore, it is possible that
objects may not be detected at all. The transmission properties of objects mounted in front of sensors
must be taken into account as early as the vehicle development stage. The paint layer on bumpers, for
example, can already cause attenuation of several dB due to resonance effects, even in the absence of
repaired accident damage [26]. There are also specifications regarding the maximum attenuation of
radomes to ensure that the functionality of ADAS systems is not adversely affected [27].

In the case of front-mounted cameras used to detect static and dynamic traffic objects, replacing the
windscreen introduces a risk of error due to incorrect fitting of the windscreen or the camera, as well as
incorrect or completely missing calibration following the repair. Furthermore, [28] suggests that a
significant percentage of sensors were not correctly calibrated at the factory.

In 2023, around 2 million cases of windscreen damage to vehicles in Germany were settled through
comprehensive motor insurance [29]. The actual number of windscreens replaced must be significantly
higher, as not every windscreen replacement is settled through insurance. At the same time, there are
indications that the front camera was not always calibrated correctly, as is actually required by the
manufacturer’'s specifications.

An article in “kfz-Betrieb” reports on inadequate calibration [30]. It explains, by way of example, that due
to a lack of standards for documenting calibrations of test equipment and test conditions, there are
instances where there are significant deviations from the manufacturers’ specifications. Another article
in “kfz-Betrieb” highlights malfunctions in driver assistance systems caused by incorrectly or faulty
calibrated sensors [31]. A study involving around 700 participating workshops found that just under 64
per cent of those with experience of ADAS had identified faults in the systems’ functionality. The most
common problem here was calibration not being carried out correctly.
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Figure 6: Incorrect setup for calibrating the front camera [30]

According to an analysis by “adasThink”, in a sample of 122 calibrations required following vehicle
repairs, 88% of the calibrations were not carried out [32]. Although the representativeness of this study
is limited, it shows that a lack of calibration also appears to play a significant role in the US market.

In a study, TUV Rheinland and TRL found that, by 2029, lane departure warning systems in around
790,000 vehicles across the EU could malfunction [33]. Around 500,000 of these cases are attributable
to front cameras that have not been correctly calibrated following a windscreen replacement. These
figures are based on the assumption of an average potential frequency of faults and may be significantly
higher in real-world conditions. Performance issues arising from other potential faults and additional
ADAS systems further increase these figures.

Estimated total number of LKA related risk events in the EU in 2029

Events in mio. by scenario

Low :| 0.2

= On top of the windscreen camera calibration aspect, estimated
impact from collision and vibration on LKA functionality take the
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Figure 7: Potential number of vehicles with LKA malfunctions in 2029 [33]

The nature and frequency of ADAS faults in the field cannot currently be directly determined, as studies
focusing on this area are either unavailable or inaccessible. However, the sources presented show that a
significant number of ADAS systems in operation may exhibit faults, which often go unnoticed by the
driver. Due to the limited reliability of self-diagnosis, faults in ADAS systems and their sensors can
currently only be partially detected during the PTI. It is necessary to expand the PTI to include suitable
test methods — for example, in the form of function and efficiency tests of ADAS — to improve the detection
of ADAS-specific defects and thereby ensure the road safety of vehicles.
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Extract: ADAS-related recalls

Another indicator that problems with ADAS systems can arise during operation is voluntary recalls by
vehicle manufacturers or mandatory recalls ordered by market surveillance authorities (e.g. the Federal
Motor Transport Authority, KBA). As ADAS systems become more widespread, ADAS-specific recalls
are also on the rise. These may involve faults in the sensor systems, the software or damage caused by
normal use.

In general, it is not the role of the PTI to identify systematic faults that may lead to recalls. However, if
these faults result in a loss of functionality in safety-critical systems, they must be detected and reported
as defects during the PTI. Furthermore, aspects such as the validity and integrity of the software (e.g. the
implementation of software updates following a mandatory recall) are already checked as part of the PTI.
The nature and frequency of the faults underlying recalls show that ADAS systems can exhibit faults
during operation, even if they were able to demonstrate fault-free operation during type-approval.

An analysis of publicly available recalls ordered by the KBA at national level reveals a large number and
wide range of recalls relating to driver assistance systems. These may, on the one hand, address ADAS
systems — such as automatic emergency braking, adaptive cruise control or lane departure warning
systems — as complete systems, and, on the other hand, also concern individual components, such as
environmental sensors. It should also be noted that some of these faults are not detected by the vehicles’
on-board diagnostics and are therefore not indicated to the driver. There are repeated recalls, in which
the driver assistance systems appear to be activated in principle, but their safety-critical functions are
restricted, faulty or only operational under certain specific conditions.

This is demonstrated, amongst other things, by the recalls KBA 15624R (recall date 26 September 2025)
[34] and KBA 11677 (recall date 17 March 2022) [35]. In both cases, faulty software causes driver
assistance systems to be deactivated without a corresponding warning being issued to the driver,
meaning that the system fails to apply partial or full braking, or that the emergency braking assistant does
not issue warnings. In Germany, however, only a small number of vehicles are affected by both recalls.

The KBA database also contains recalls that affect a more significant number of vehicles across Germany.
Examples of these are recalls KBA 9818 (recall date 26 March 2020) [36] and KBA 11670 (recall date
16 March 2022) [37]. The cause of recall KBA 9818 was a software fault which could potentially lead to
the automatic emergency braking assistant not functioning properly. Over 55,000 vehicles in Germany
were affected by this recall. The reason for recall KBA 11670 was the possible incorrect initialisation of
the radar sensor, which in turn could lead to the failure of some driver assistance systems. Over 25,000
vehicles in Germany were affected by this.

The KBA database also contains recalls of vehicles in which, for example, the warnings from an automatic
emergency braking assistance system were generally correct, but automatic partial or full braking
subsequently failed to occur (KBA 9124 (1 August 2019)) [38].

One example of a recall directly related to environmental sensors is KBA 15128R (recall date 21 May
2025) [39]. The recall is due to a multifunction camera and interior mirror that have been incorrectly
bonded and may come loose during operation, thereby impairing various driver assistance systems.

Another key area of focus is camera-based systems, particularly in relation to the UN ECE R158 type-
approval regulation. For instance, there are frequent reports of camera images failing or freezing, which
result in non-compliance with UN ECE R158 [40]. Examples include recalls KBA 13709 (recall date 11
June 2024) [41] and KBA 14042R (recall date 20 August 2024) [42].

Other recall databases, such as that of the ADAC, also contain a large number of manufacturer recalls
directly related to ADAS and their sensors. Some of these affect a significant number of vehicles. The
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reason for recall BZ4X, for example, is the potential failure of the forward collision warning system. “A
memory failure when the ignition is switched off and on again, caused by incorrect programming of the
front camera systems, can lead to the front collision warning system failing. Remedy: The front detection
camera IS reprogrammed.” [43] This recall affects 1,293,588 vehicles worldwide. Another recall relates
to faults in AEB systems due to internal vehicle communication faults. “An error occurs when the front
camera is started. This is caused by a communication fault between the two processors in the camera
that control the CMBS (Collision Mitigation Braking System). The camera may not Start up correctly after
the vehicle is started. The driver cannot detect this fault, as although the activation light is on, the system
is not functioning. Remedy: software update.” [44] This recall affects 172,948 vehicles worldwide.

In summary, it can be deduced from the analysis of the recalls that, whilst the vehicles’ self-diagnostic
system is an essential component of ensuring the safely of driving functions, it does not detect all practical
fault conditions with sufficient certainty. This applies in particular to malfunctions resulting from faulty
software logic and inadequate parameterisation, but also to fault conditions specific to individual vehicles,
such as sporadic memory or communication errors [45). In particular, faults specific to individual vehicles
that are not detected by the self-diagnostic system require inspection as part of the PTI. A test of function
and efficiency of ADAS during the PTl is an effective way of detecting these faults and thus minimising the
Safely risk caused by faulty driver assistance systems.
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4 Test approaches for function and efficiency tests as part of the
PTI

ADAS and PTl today: fitment and condition testing

The significant potential for improving road safety through the introduction of modern driver assistance
systems is only guaranteed if they function as intended by the manufacturer. This applies not only at the
time of type-approval or placing on the market, but throughout the entire service life of the vehicle. The
PTl is an established tool for assessing the road safety of each individual vehicle whilst in use.

In Germany and other countries (including Slovakia, Croatia, Ireland and South Korea), ADAS are already
being inspected as safety-critical systems as part of the PTI, with regard to their fitment and condition.
This is carried out, on the one hand, visually by inspecting the sensors for damage (e.g. stone chips in
front of the camera) or by checking the waming lights on the display. In addition, the fault memory is
read out via the electronic vehicle interface using the PTl-adapter, so that any anomalies detected can
be assigned to standardised defects [46].

Figure 8: PTl-adapter [46]

This process also identifies ADAS-specific faults, thereby reducing associated road safety risks. In [47],
an analysis of a representative sample of PTI-data reveals that, each year, more than 150,000 vehicles
have defects at the time of their PTI that could directly affect ADAS. This analysis considered defects in
the sensors, the ADAS systems and other relevant components. Around 5% of these defects are directly
attributable to environmental sensors and ADAS.

Even today, faults detected by the vehicles’ on-board diagnostics can be flagged as defects during the
PTI. However, fault conditions that cannot be detected by the on-board diagnostics cannot be identified
using the current inspection methods employed in the PTI. In [48] and [49], it was established that a
significant number of potential faults in Intelligent Speed Assist and Lane Keeping Assist are not
addressed by current fitment and condition testing. These findings are applicable to other ADAS.

15 0f 23 I



ADAS and the PTl in future: addition of function and efficiency testing

The analysis of existing studies, investigations and recalls in the preceding chapters highlights the need
for function and efficiency testing of ADAS as part of the PTI. Various approaches are currently being
developed to expand the existing testing methods. In the Charter 2030 [50], the testing organisations in
Germany have adopted the following joint position on this matter:

“In addition to static methods, scenario-based test methods offer the possibility of testing the
response of the vehicle during a specific scenario by suitably depicting the traffic environment
(virtually/physically). Several methods, including a dynamic vehicle inspection with a moving
target or on functional test benches with environmental simulation, are being evaluated in
appropriate pilot environments.” [50]

Dynamic inspection technologies Static inspection technology

Performance inspection with target ~ Performance inspection with steerable function
test bench and environmental simulation

Figure 9: Approaches for function and efficiency testing of ADAS as part of the PTI [51] based on [50]

The testing of sensor systems using specific static test technology is designed to test each sensor
individually. Radar target simulators can be used to test the radar sensors fitted to the vehicle; these
enable the performance of each individual sensor to be assessed [52] ,[53]. A comparison with the
performance at the time of type-approval allows conclusions to be drawn regarding the correct
functioning of the sensor and the associated ADAS. This technology can also be used to virtually simulate
and introduce other road users. A comparison of the simulated positions of these objects with the
locations detected by the vehicle provides further information for evaluating the sensor systems. The
availability and integrity of the relevant data at an electronic vehicle interface are crucial for this testing
approach [54]. Calibration test benches offer a further means of verifying the current alignment of camera
and radar sensors. Vehicle- and sensor-specific elements can be used to determine the alignment of the
respective sensor, thereby enabling conclusions to be drawn about ADAS functionality, even though this
method cannot test the entire chain of functions.

In this context, it is also worth mentioning the retrieval of the sensor calibration values currently stored
in the vehicle. The analysis of this data as part of the PTI can provide indications of a malfunction in the
ADAS. The use of electronic vehicle data is also essential for this approach.

Scenario-based testing approaches have been developed for testing at the overall system level. In this
type of testing, the respective ADAS are tested within their Operational Design Domain (ODD) using
specific scenarios. These can be carried out, on the one hand, on a roller test bench [55], [56] and, on
the other hand, as part of the real-world test drive conducted during PTI [21], [57]. When using a roller
test bench, static and dynamic environmental parameters must be simulated in a sensor-specific manner.
If the scenario-based testing takes place as part of a real-world test drive, real-world objects are used in
the form of dynamic targets and static traffic elements.
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5  Findings, research needs and necessary development

Research needs

To describe the actual instances of ADAS failure in real-world road traffic in terms of their type and
frequency, a study involving a meaningful number of real vehicles is required. It is therefore
recommended that a study be carried out to determine the frequency of faults.

Based on this field data, the potential of the PTI to improve road safety can be more precisely identified
through further investigation of the road safety potential of a function and efficiency test. Building on this,
the overall societal benefit can be highlighted through a cost-benefit analysis.

Necessary development; access to vehicle data

The regular technical vehicle inspection is an established tool for ensuring road safety in operation. To
be able to verify the proper functioning of driver assistance systems during the PTI, the testability of the
systems must be taken into account as early as the development stage and in the type-approval
regulations. The regulator has already recognised this to some extent. For instance, Delegated Regulation
(EU) 2021/1958 on the type-approval of intelligent speed assistance systems stipulates [58]:

For the purposes of periodic technical inspections, it must be possible to verify the following
characteristics of the ISA:

[...] the correct functioning and software integrity through the use of an electronic vehicle
interface [...] Manufacturers must ensure that the technical information required for the use of
the electronic vehicle interface is made available in accordance with Article 6 of Regulation (EU)
2019/621 (3).

In order to be able to apply effective and efficient test methods for the function and efficiency testing of
ADAS and their environmental sensors for all driver assistance systems and automated driving functions
as part of the regulatory activities of the PTI, standardised data from the relevant assistance systems and
their components via the electronic vehicle interface, as well as data on the vehicle or vehicle model to
be tested, will be mandatory in future.

The requirement for ADAS-test-relevant data, which must be available at the vehicle’s electronic interface
during the PTI, can be summarised into four categories:

= Live and operational values

= |dentity, integrity and version characteristics
= (alibration data

= Diagnostic Trouble Codes (DTC)

Further data describing the vehicle model or specific equipment variants must be known to correctly
assess the vehicle and its systems. These include, amongst others:

= Vehicle geometry data
= Sensor- and control unit-specific information

= Description of ADAS functional parameters

17 of 23 I



Findings

The mandatory use of ADAS significantly improves road safety. As these safety-critical systems become
increasingly widespread, the number of people killed and injured in road traffic accidents will continue
to fall in the coming years. However, it is also evident that, as currently specified, ADAS do not have an
impact on all road traffic accidents. An increase in the minimum requirements for these systems is
necessary.

The potential for improving road safety depends on the specific system and is reduced in real-world
operation by instances of failure. Damage, improper repairs, faulty or completely missing calibrations,
or deliberate modifications to the vehicle can reduce this potential to a significant extent. Of particular
concern are functional impairments that are not detected or are tolerated by the system’s self-diagnostic
functions, and thus remain unknown to the driver until the system is expected to intervene.

Even today, some of the potential faults can be identified as part of the PTI. However, a significant number
of defects cannot be detected using the testing methods currently in use. These faults can be identified
by carrying out function and efficiency tests on the systems. An extension of the PTl is therefore necessary
in order to significantly improve the depth of testing and thus further enhance road safety.

Itis not possible to quantify precisely the number of faults in the field that currently go undetected, given
the data currently available. However, an analysis of a wide range of sources shows that functional
impairments in safety-critical ADAS systems represent a significant problem.

18 of 23 I



6

1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

19 of 23

Bibliography

TUV Verband, ,TUV Mobility Studie 2024, 2024. [Online]. Available: https://www.tuev-
verband.de/studien/tuev-mobility-studie-2024. [Zugriff am 26. 02. 2026].

BMV, ,Verkehrssicherheitsprogramm 2021 bis 2030, 2025. [Online]. Available:
https://www.bmv.de/SharedDocs/DE/Artikel/StV/Verkehrssicherheit/verkehrssicherheitsprog
ramm-2021-bis-2030.html. [Zugriff am 14. 04. 2026).

VOD, ,VISION ZERO konkret,“ 2023. [Online]. Available: https://vod-ev.org/download/VOD-
Schriftenreihe-2-vision-zero-konkret.pdf. [Zugriff am 14. 04. 2026].

Européischer Rechnungshof, ,Verwirklichung der EU-Ziele im Bereich der
Straenverkehrssicherheit,” 2024. [Online]. Available:
https://www.eca.europa.eu/ECAPublications/SR-2024-04/SR-2024-04_DE .pdf. [Zugriff am
26. 02. 2026].

Mobilitatsforum Bund, ,Verkehrssicherheit in der EU," 2023. [Online]. Available:
https://www.mobilitaetsforum.bund.de/DE/Themen/News-
RADar/_texte/Verkehrssicherheit_EU_Statistik_2022.html. [Zugriff am 18. 03. 2026].

Das europaische Parlament und der Rat der européischen Union, ,Verordnung (EU)
2019/2144 des europaischen Parlaments und des Rates,“ 2019. [Online]. Available:
https://eur-lex.europa.eu/legal-content/DE/TXT/PDF/?uri=CELEX:32019R2144. [Zugriff am
06 03 2026].

BCG, CLEPA, Wolk, ,At the Crossroads: The European Aftermarket in 2030, 2021.
[Online]. Available: https://iweb-
assets.bcg.com/36/39/e80d073a4067bfe89c7482d6db69/the-european-aftermarket-in-
2030.pdf. [Zugriff am 06. 03. 2026).

UNECE, ,UN Regulation No. 152, 2023. [Online]. Available:
https://unece.org/sites/default/files/2024-04/R152r2E.pdf. [Zugriff am 06. 03. 2026].

Destatis, ,Stralenverkehrstote in der EU," 2025. [Online]. Available:
https://www.destatis.de/Europa/DE/Thema/Verkehr/Verkehrstote. [Zugriff am 06. 03. 2026].

Européisches Parlament, ,Sichere Straflen: EU-MalRnahmen fiir weniger Verkehrsunfalle,*
[Online]. Available:
https://www.europarl.europa.eu/topics/de/article/20190307STO30715/sichere-strassen-eu-
massnahmen-fur-weniger-verkehrsunfalle. [Zugriff am 06. 03. 2026].

DESATATIS, ,Unfallbilanz 2025: 44 Verkehrstote mehr als im Vorjahr,* 2026. [Online].
Available:
https://www.destatis.de/DE/Presse/Pressemitteilungen/2026/02/PD26_062_46241.html#:~:t
ext=Zahl%20der%20Schwerverletzten%20um%204,2024%20(2%20770%20Todesopfer)..
[Zugriff am 14. 04. 2026].

European Commission, ,Cost-effectiveness analysis of Policy Options for the mandatory
implementation of different sets of vehicle safety measures — Review of the General Safety
and Pedestrian Safety Regulations,* 2018. [Online]. Available: https://www.clepa.eu/wp-



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

20 of 23

content/uploads/2018/05/2018_TRL_cost-effectiveness-analysis_for-
GSR_March2018_ET0217486ENN.en-1.pdf. [Zugriff am 06. 03. 2026].

[IHS HLDI, ,Crash avoidance technologies, Real-world benefits,” 2025. [Online]. Available:
https://www.iihs.org/media/290e24fd-a8ab-4f07-9d92-
737b909a4b5e/_mTwzA/Topics/ADVANCED%20DRIVER%20ASSISTANCE/IIHS-HLDI-
CA-benefits.pdf. [Zugriff am 06. 03. 2026].

PARTS, ,A Study on Real-world Effectiveness of Model Year 2015-2023 Advanced Driver
Assistance Systems,” [Online]. Available: https://www.mitre.org/sites/default/files/2025-
01/PR-25-0114-Study-Real-world-Effectiveness-Model-year-2015%E2%80%932023-
ADAS .pdf. [Zugriff am 06. 03. 2026].

Andrew J. Leslie et al., ,Analysis of the Field Effectiveness of General Motors Model Year
2013-2020 Advanced Driver Assistance System Features,” [Online]. Available:
https://backend.production.deepblue-
documents.lib.umich.edu/server/api/core/bitstreams/dedd6bad-f3bd-45f1-8¢62-
9fab1e33f7db/content. [Zugriff am 06. 03. 2026].

Leandro Masello et al., ,On the road safety benefits of advanced driver assistance systems
in different driving contexts,” 2022. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/'S2590198222001300?ref=cra_js_challeng
e&fr=RR-1. [Zugriff am 06. 03. 2026].

FSD Fahrzeugsystemdaten GmbH, DEKRA, ,Effects of Sensor Misalignment and
Manipulation,” Vortrag CITA ADAS TF, 2025.

Ascential, ,The importance of ADAS calibration for collision prevention and road safety,”
2025. [Online]. Available: https://testandmeasure.ascentialtech.com/wp-
content/uploads/2025/07/ADAS-Collision-Prevention-Whitepaper_V3-1.pdf. [Zugriff am 07.
03. 2026].

DEKRA, ,Korrekt eingestellte Sensoren sind fiir die Sicherheit das A und O, 2023. [Online].
Available: https://www.dekra.de/de/korrekt-eingestellte-sensoren-sind-fuer-die-sicherheit-
das-a-und-o/. [Zugriff am 07. 03. 2026].

Helge Kiebach, ,Maintaining Performance of Driver Assistance Systems and Automated
Driving Functions over the Life Cycle,“ Vortrag Auto[nom]Mobil, SafetyWeek, 2020.

A. Stoller et al., ,ErVast — Einsatz dynamischer Verkehrselemente fir die Prifung
automatisierter Fahrfunktionen, Schlussbericht des Verbundes,* 2022. [Online]. Available:
https://edocs.tib.eu/files/e01fb23/183073427X.pdf. [Zugriff am 08. 03. 2026].

Auto Bild, ,Fahrerassistenzsysteme kalibrieren: Lieber auf Nummer sicher gehen,” 2025.
[Online]. Available: https://www.autobild.de/artikel/ratgeber-kalibrierung-28459021.html.
[Zugriff am 16. 03. 2026].

Daniel Block, Anja Kdhler, ,Auswirkung dejustierter ADAS Sensoren auf die
Verkehrssicherheit am Beispiel der automatischen Notbremse AEBS,* Vortrag, VSP Forum,
FSD Fahrzeugsystemdaten GmbH, 2025.

FSD Fahrzeugsystemdaten GmbH, DEKRA, ,Untersuchung des Einflusses von
Sensordegradationen auf die Funktionsweise von Fahrerassistenzsystemen als Grundlage



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

210f 23

fir neue Priifverfahren fir die Hauptuntersuchung,” 19. Tagung, Diagnose in
mechatronischen Fahrzeugsystemen, 2026.

TRL, ,Calibration of advanced driver-assistance systems (ADASs) on modified vehicles,*
2023. [Online]. Available: https://www.trl.co.uk/uploads/trl/documents/XPR125_calibration-
of-advanced-driver-assistance-systems-on-modified-vehicles.pdf. [Zugriff am 11. 03. 2026].

Pfeiffer, F., ,Analyse und Optimierung von Radomen flir automobile Radarsensoren,
Dissertation 2009, [Online]. Available:
https://mediatum.ub.tum.de/doc/814771/document.pdf. [Zugriff am 23. 03. 2026].

Continental, ,Short Description ARS 404-21 (Entry) + ARS 408-21 (Premium) Long Range
Radar Sensor 77 GHz," 2017.

Autoservicepraxis, ,Jmmer nach Vorgabe,“ 2025. [Online]. Available:
https://www.autoservicepraxis.de/downloadfile/3690977/90007_2025_29 07_M_032-

033_n30_Kalibrierung_ADAS_Sensoren_120504_print.pdf. [Zugriff am 12. 03. 2026].

GDV Gesamtverband der Versicherer , ,Kfz-Versicherer zahlen 1,7 Milliarden Euro fiir
Glasbruch-Schaden,” 2023. [Online]. Available:
https://www.gdv.de/gdv/imedien/medieninformationen/glasbruch-schaeden-auto-statistik-kfz-
versicherung-182344. [Zugriff am 12. 03. 2026].

kfz-Betrieb, ,Pfusch am Bau," 2025. [Online]. Available: https://www.kfz-
betrieb.vogel.de/pfusch-am-bau-a-874772d3526fedbc2317bf0d10ab03f3/. [Zugriff am 12.
03. 2026].

kfz-Betrieb, ,Viele Fahrerassistenzsysteme funktionieren nicht,“ 2023. [Online]. Available:
https://www.kfz-betrieb.vogel.de/viele-fahrerassistenzsysteme-funktionieren-nicht-a-
8593fe3c7f39e15d994f302f57b1038f/. [Zugriff am 12. 03. 2026].

adasThink, ,adasThink Report: 88% of ADAS calibrations missed by body shops,“ 2020.
[Online]. Available: https://www.repairerdrivennews.com/wp-
content/uploads/2020/10/20201026-adas Think-Report-Final.pdf. [Zugriff am 12. 03. 2026].

TUV Rheinland, TRL, ,Ensuring life ime performance of Advanced Driver Assistant
Systems: Risk Analysis of Lane Keeping Assistant Systems / WP.29," 2021.

KBA, ,Riickruf 15624R, Mercedes Benz CLA, Fehlerhafte Software,” [Online]. Available:
https://www.kba-online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].

KBA, ,Ruckruf 11677, Ford Transit, Fehlerhafte Programmierung,” [Online]. Available:
https://www.kba-online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].

KBA, ,Riickruf 9818, Volvo XC60 u.A., Softwarefehler,” [Online]. Available: https://www.kba-
online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].

KBA, ,Riickruf 11670, Toyota Yaris, Fehlerhafte Initialisierung Radarsensor,” [Online].
Available: https://www.kba-online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].

KBA, ,Riickruf 9124, C-Klasse u.A., Software entspricht nicht der Spezifikation," [Online].
Available: https://www.kba-online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

22 0f 23

KBA, ,Rickruf 15128R, Mercedes-Benz GLS u.A., Fehlerhaft verklebte
Multifunktionskamera,” [Online]. Available: https://www.kba-online.de/rrdb/buerger/#/.
[Zugriff am 13. 03. 2026].

UNECE, ,UN Regulation No. 158, [Online]. Available:
https://unece.org/sites/default/files/2021-07/R158e_0.pdf. [Zugriff am 13. 03. 2026].

KBA, ,Riickruf 13709, TESLA Model 3, Ausfall Riickfahrkamera,” [Online].

KBA, ,Riickruf 14042R, LEXUS RZ u.A., Ausfall Riickfahrkamera,” [Onling]. Available:
https://www.kba-online.de/rrdb/buerger/#/.

ADAC Riickrufdatenbank, ,Reparatur & Riickruf, Toyota Corolla u.a.,” [Online]. Available:
https://lwww.adac.de/rund-ums-fahrzeug/reparatur-pflege-wartung/reparatur-
rueckruf/rueckrufe/?recallType=PKW&brandld=42&rangeld=1350. [Zugriff am 20. 03. 2026].

ADAC Riickrufdatenbank, ,Reparatur & Riickruf, Honda Jazz 5. Generation,” [Online].
Available: https://www.adac.de/rund-ums-fahrzeug/reparatur-pflege-wartung/reparatur-
rueckruf/rueckrufe/?recallType=PKW&brandld=20. [Zugriff am 20. 03. 2026].

KBA, ,Riickruf 7483, Mercedes-Benz G-Klasse, Fehlfunktion Software ESP,* [Online].
Available: https://www.kba-online.de/rrdb/buerger/#/. [Zugriff am 13. 03. 2026].

FSD Fahrzeugsystemdaten GmbH, ,VIS.HUA - ein universelles Priifwerkzeug von
Sachverstandigen fiir Sachverstandige,” 2026. [Online]. Available: https:/fsd-
web.de/aktuelle-prueftechnologien/#vishua. [Zugriff am 14. 04. 2026].

DEKRA, ,ADAS/AD at PTI - A potential concept for targeted and efficient testing,” Vortrag,
CITA ADAS TF , 2025.

A. Stumpf, ,Konzeptentwicklung zur Uberpriifung des Fahrerassistenzsystems , Intelligent
Speed Assistance” im Rahmen der Hauptuntersuchung, Bachelorarbeit, TUV Siid, 2021.

A. Reimchen, ,Einfluss des Automated Lane Keeping Systems auf die Prifumfange der
gesetzlichen Hauptuntersuchung,” Bachelorarbeit, TUV Siid, 2022.

Priforganisationen, ,Charta 2030, [Online]. Available: https://charta2030.de/. [Zugriff am
16. 03. 2026].

Burckhardt, Daniel, ,DynamX - a dynamic approach to ADAS testing during a PTI,“ Vortrag,
SAFETYUPDATE, FSD Fahrzeugsystemdaten GmbH.

Rhode & Schwarz, ,ADAS-Tests im Rahmen der Hauptuntersuchung (HU)," [Online].
Available: https://www.rohde-schwarz.com/de/loesungen/automotive-
testloesungen/automotive-radar/adas-hauptuntersuchung/adas-tests-im-rahmen-der-
hauptuntersuchung_257204.html. [Zugriff am 16. 03. 2026].

DEKRA, ,Hauptuntersuchung flr Sensoren: Im Dienst fiir den Assistenten,” 2024. [Online].
Available: https://www.dekra.de/de/hauptuntersuchung-fuer-sensoren-im-dienst-fuer-den-
assistenten/. [Zugriff am 16. 03. 2026].

Hella Gutmann, ,Der Assistent fir Fahrerassistenzsysteme,” [Online]. Available:
https://www.hella-gutmann.com/de/for-workshops/pruef-einstellloesungen/adas-kalibrierung.
[Zugriff am 16. 03. 2026].



[55] KUS DRIVE, ,Sicherheit immer an Bord? Mit KUS DRIVE Kurs nehmen auf die Priifung von
Fahrerassistenzsystemen flir mehr Verkehrssicherheit,” [Online]. Available: https:/kues-
drive.de/. [Zugriff am 16. 03. 2026].

[56]  MAHA Maschinenbau Haldenwang GmbH, Hochschule Kempten, ,Wirkpriifung von ADAS
in der PTI1,“ Tagungsbandbeitrag, Diagnose in mechatronischen Systemen 2025.

[67]  FSD Fahrzeugsystemdaten GmbH, ,Dynamische Priifung von ADAS/ADS in der HU,*
Tagungsbandbeitrag, Diagnose in mechatronischen Systemen 2023.

[58]  Europaische Kommision , ,Delegierte Verordnung (EU) 2021/1958 der Kommision vom 23.
Juni 2021, 2021. [Online]. Available: https://eur-lex.europa.eu/legal-
content/DE/TXT/PDF/?uri=CELEX:32021R1958. [Zugriff am 14. 04. 2026].

23 of 23



	Contributing Authors
	Contact Details
	Tabel of Contents
	List of Figures
	1 Executive Summary
	2 The contribution of driver assistance systems to road safety
	3 Derivation of the need for extended testing based on known fault cases
	4 Test approaches for function and efficiency tests as part of the PTI
	5 Findings, research needs and necessary development
	6 Bibliography

