














Technological State
of the Art

For cars to become robotaxis, two core components are
required: sensors to detect the surroundings and automotive-
grade processors that enable data handling and decision-making.
The exact combination of sensors and system architecture can
vary by provider, including Waymo, Mobileye, WeRide, Pony.ai,
Aurora Innovation, and Huawei. Similar to aircrafts, most systems
deliberately rely on redundancy — that is, the combination of
multiple and different types of sensors — so that vehicles can
reliably perceive their surroundings even when faced with
limitations. However, there are also other approaches that

rely largely or exclusively on a single type of sensor. A well-
known example of this is Tesla, which relies on camera-based
environmental detection.

Figure 5: Mobileye camera sample configuration
(Mobileye, 2026)

Figure 6: Mobileye LiIDAR sample configuration
(Mobileye, 2026)

Figure 7: Mobileye radar sample configuration (Mobileye, 2026)

28 Offering

Mobileye is one of the leading provi-
ders of such self-driving systems. The
company’s approach is a good example
of how sensors, Al, and decision-
making logic work together. The
environment is detected using three
different layers of sensors:

¢ Cameras detect visual elements
such as lane markings, traffic signs,
or other road users (Figure 5).

¢ LiDAR uses laser pulses to generate a
precise 3D image of the surroundings
and enables the accurate determina-
tion of distances and obstacles
(Figure 6).

® Radar reliably measures distances
and speeds even under poor visibility
conditions (Figure 7).

These sensors make up two indepen-
dent sub-systems for perception: one
based on cameras and one based on
radar and LiDAR. These sub-systems
create sensor redundancy. Mobileye’s
AV mapping system “REM” acts as an
additional sub-system that provides
accurate information on the driving
environment, based on crowd-sourced
data. The key is to integrate these
sub-systems to enable highly reliable
environmental perception, as shown
in Figure 8.

Camera View

LIDAR/Radar View

by el (1)

Mobileye’s “Compound Al” approach
uses multiple specialized AI compo-
nents that work together and cross-
check one another, rather than relying
on a single all-purpose model. This can
improve robustness and safety by
reducing the risk that one error or
uncertain interpretation leads to an
unsafe driving maneuver. They
analyze the traffic situation in real time
and determine how the vehicle should
respond. A key element is the so-called
“fast-slow” architecture: The “fast
system” operates very quickly and
reactively. It handles ongoing vehicle
control and responds rapidly to sudden
events in traffic. Simultaneously, the
“Slow System” analyzes more complex
traffic situations, for example, how the
vehicle should behave at a manually
controlled intersection after the traffic
light system fails. The interaction
between these systems is designed to
enable the autonomous vehicle to react
swiftly while accurately and safely
assessing complex situations
(Mobileye, 2026).

Although such
systems may

seem like a true
innovation, they
have already been
tested on millions
of kilometers under
a wide variety of
conditions as well as
virtually simulated.

Figure 8: Combination of camera,
LiDAR, and radar to perceive the
environment (Mobileye, 2026)

MOIA’s robotaxis have been tested over
thousands of kilometers in Austin,
Munich, and Hamburg. In Oslo,
vehicles are subjected to temperatures
of -20 degrees Celsius, putting them
through a rigorous endurance test
(MOIA, 2025). Waymo’s and Baidu/
Apollo Go’s robotaxis have each already
covered over 300 million kilometers
(Apollo Go, 2025; Campbell, 2025).
These test kilometers and driverless
operations are often decisive factors in
choosing a particular provider, as they
provide insight into the robustness of
the system (hardware and software).
So the question is no longer whether
robotaxis are technically feasible, but
rather how they can be scaled safely,
quickly, and cost-effectively in various
contexts. To this end, there is growing
discussion of Al-based validation
methods intended to eliminate the
time-consuming and costly process of
test-kilometer training and to enable
intensive training even for rare traffic
situations.
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AcTive 18

Robotaxi
Safety

In addition to the number of test
kilometers driven, providers must also
be evaluated based on the safety of
their robotaxis. Waymo regularly
publishes data and analyses from
real-world fleet operations showing
that, in various safety-related catego-
ries, including accidents resulting in
injuries and airbag deployments, its
robotaxis have lower accident rates
than human drivers in the same
service area (Waymo, 2026).

Nevertheless, a direct comparison
with human drivers is only possible
to a limited extent:

Autonomous vehicles and
human drivers record
incidents differently.

Robotaxis typically operate within
clearly defined service areas, while
human drivers encounter a much wider
range of traffic situations. Furthermore,
robotaxis must record every incident,
no matter how major or minor. With
human drivers, on the other hand,
minor collisions are often not recorded
at all, which further skews the accident
rate for human drivers.

In addition to such real-world - though
not entirely trivial — accident compari-
sons, there are therefore also safety
approaches that rely more heavily on
formal rules. With its “Responsibility-
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Figure 9: Responsibility-Sensitive Safety system with a mathematically defined safety frame-

work (Mobileye, 2026)

Sensitive Safety” (RSS) concept,
Mobileye is developing a mathemati-
cally defined safety framework that
specifies the conditions under which
driving behavior is considered safe,
as shown in Figure 9 (Mobileye, 2026).
The focus here is not on comparisons
to human accident rates, but on
compliance with formally defined
safety limits.

Both approaches show that autono-
mous systems already achieve a high
level of safety today. Nevertheless,
robotaxis are not infallible, and
accidents can occur in very rare cases.
One such incident occurred earlier
this year in Santa Monica, California,
involving a Waymo vehicle and a child
who ran into the street from behind
parked cars (Koetsier, 2026). Waymo
analyzed the robotaxi’s data, which
reportedly show that an emergency
braking maneuver from 27 to less
than 9 km/h was initiated before

the collision; according to Waymo,

a human driver in the same scenario
would have struck the child at
approximately 22 km/h (Waymo, 2026).
In California, robotaxi operators are
required to report all incidents —
whether involving a collision or not,
and regardless of whether the vehicle
is operating as part of a pilot project
or in commercial service — to the
authorities in detail (California
Public Utilities Commission, 2024).
Accordingly, the National Highway

Traffic Safety Administration (NHTSA)
is investigating the incident (NHTSA,
2026). Both the authorities and the
affected providers are working to
resolve the matter quickly in order to
improve robotaxi technology, prevent
similar incidents in the future, and
ensure high safety standards overall.

Incidents like this can hardly be ruled
out with 100% certainty, but data from
both safety approaches already show
that robotaxis are significantly safer
on the road than human drivers in
similar situations. Accordingly, the
focus of development is shifting from
fundamental safety issues to safer
integration into new contexts and
transportation systems. Ultimately,
what matters most is people's trust in
the technology; the high usage rate
already demonstrates that transpor-
tation solutions based on self-driving
vehicles enjoy broad acceptance and
great potential.

Passenger Safety
and Security

Even though robotaxis no longer need
a driver, they are usually monitored
remotely by so-called teleoperators at
the technical control center. In the
event of a technical malfunction or an
emergency, the robotaxi can request
assistance from them. However,
teleoperators should by no means be
thought of as remote drivers. Rather,
they are available to assist in exceptio-
nal situations. Waymo uses the “phone
a friend” metaphor to describe the
interaction between a teleoperator and
a robotaxi (Waymo, 2024). The number
of robotaxis that a teleoperator moni-
tors simultaneously varies by provider
and region: In China, a maximum ratio
of 1:3 was long mandated, while Pony.
ai aimed to reach a ratio of 1:30 by the
end of 2025. At Waymo, the ratio is said
to have once been as high as about 1:40
(Templeton, 2026). Passengers can also
contact teleoperators in an emergency
using emergency buttons built into the
robotaxi.

Another key safety concept is the
so-called “Minimal Risk Condition™:
This maneuver occurs when the vehicle
cannot continue a trip as planned, for
example due to technical problems, a
collision, or changes in environmental
conditions. In such cases, the vehicle
reduces its speed in a controlled
manner until it can come to a stop to
minimize the risk to passengers and
other road users (Waymo, 2021).
Guidelines and video tutorials are
also available for emergency response
agencies, designed to standardize
procedures for dealing with autono-
mous vehicles in the event of an
incident (Waymo, 2026).

Data Security and
Vehicle Integrity

To ensure the safety of passengers and
other road users, robotaxis must record
their surroundings with a high degree
of accuracy and process the resulting
data. As with any modern, connected
technology, this raises questions
regarding data security and vehicle
integrity.

When it comes to data
collection and storage, it
s important to consider
both exterior and
interior monitoring of
robotaxis.

Both types of recordings are primarily
intended to ensure road safety and
passenger safety. Nevertheless, there
is a risk that this data could be leaked
and misused. Robotaxi providers must
address the resulting data protection
requirements. In the Swiss iamo
project, for example, user data is to be
stored in a local data center within
Europe (SRFE, 2025), which means it
would be subject to European data
protection laws. In addition, according
to the project’s sponsors, a comprehen-
sive data protection and security
strategy has been developed, and they
intend to continuously implement
measures to ensure data protection
(iamo, 2026).

Similarly, connected vehicles carry the

risk that third parties could manipulate

them and thereby influence their
driving behavior. The software, sensor
systems, communication, and backend
infrastructure all present potential
vulnerabilities for hackers. Even
ordinary modern passenger cars are
susceptible to such attacks. This risk
is addressed through high security
standards already during the vehicle
development phase (Zego, 2025). In
addition, most providers manage their
computing on-site, i.e., in the robotaxi,
to prevent outside sources from
interfering with the driving behavior.

Technical supervision can only suggest

new drivable paths, but the robotaxi
ultimately determines whether this
suggestion is safe. Finally, comprehen-
sive risk management is required
across the distributed ecosystem,

from the vehicles to the platforms and
throughout the value chain (Chen,
2026). Robotaxis can also be tampered
with mechanically. In California, for
example, incidents of vandalism have
occurred in which vehicles have been
spray-painted, sensors have been
covered with tape, or roads have been
deliberately blocked with traffic cones
(Talbott, 2025). Unintended disruptions
also occur because users, for example,
do not close vehicle doors properly or
do not fasten their seat belts correctly,
preventing the robotaxi from continu-
ing its journey (Dnistran, 2025). Such
incidents cannot be completely
avoided. However, they become less
frequent as monitoring by teleoperators
becomes more sophisticated and as the
legal framework for such incidents is
defined more clearly. To address the
issue of vehicle doors left open, Waymo
is relying on the assistance of Door-
Dash delivery drivers (Silberling, 2026).
There are also technical concepts such
as “Safety by Design,” which do not
allow for remote control in the safety
architecture of robotaxis. This ensures
that even in the event of a successful
hacker attack on a technical monitoring
center or teleoperations center, no
steering, braking, or acceleration
commands can be sent to robotaxis.
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Conditions

The divergent conditions currently in place for autono-
mous driving mean that different regions are at different
stages of implementing robotaxis. Regulatory, political,
and infrastructural conditions are particularly important
for the deployment of robotaxis on public roads.

The following section examines and compares these
conditions to identify the factors that have a significant
impact on the introduction and adoption of robotaxi
services.

From a regulatory perspective, robotaxis
operate at the intersection of several
areas of law, in particular type approval
law, national traffic law, and data and
liability law (V. Hartmann, personal
communication, Feb. 13, 2026).
Regulatory approaches differ significantly:
While Europe relies heavily on legally
defined frameworks, other regions
pursue more experimental or market-
oriented approaches. Table 1 provides
an overview of the various approaches.
A common theme across all regions is
liability: Who is responsible if an autono-
mous vehicle causes an accident — the
vehicle owner, the manufacturer, or the
operator!

In the EU, the Regulation on Vehicles” General
Safety (EU 2019/2144) in particular provides the
legal framework for the approval of automated
vehicles. It defines technical requirements
regarding, for example, cybersecurity, software
updates, data recording, and safety monitoring.
Under the European system, owner liability
generally remains in effect: The vehicle owner
is initially liable for damages resulting from the
operation of the vehicle. In addition, manufac-
turer liability may apply if an accident is
attributable to technical faults or product defects.
However, the specific operation of vehicles on
public roads remains regulated at the national
level. (Connected Automated Driving Europe,
2023; European Commission, n.d.)

Under the AFGBV of June 24, 2022, Germany,

as an example, permits the operation of Level 4
vehicles without a driver on board, but only
within operating areas defined by the authorities.
In addition, a technical supervisor must monitor
operations remotely. Such operational areas
already exist as part of pilot projects, for example
in Hamburg with “ahoi,” in the Rhine-Main
region with “KIRA,” or in Berlin with “NoWeL4"”
(see page 14). ©

“One thing is certain: the EU, and Germany in parti-
cular, have the most systematically codified regulati-
ons. From the perspective of promoting innovation,
however, some U.S. states are implementing more
practical regulations — and the Chinese are pursuing
a pilot-project-based ‘grand strategy’ in the field of
autonomous driving. There is certainly a lot to be
learnt in terms of speed and pragmatism. However,
the EU's great advantage lies precisely in its reliable
legal framework. Anything that is market-ready and
safe in Europe is competitive on a global scale.”

Dr. Volker Hartmann, CLO and CHRO at ARX
Robotics GmbH, Munich and Of Counsel at
Kanzlei reuschlaw, Berlin
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Jurisdiction  Legal Basis

Europe Vehicle General Safety Regulation
(EU 2019/2144)

Switzerland Ordinance on Automated Driving

United Automated Vehicles Act 2024

Kingdom

United Decentralized state-level regulation

States

China Road Traffic Safety Law + Standards for road

tests and demonstration applications of
intelligent vehicles

Key Points

Regulates the approval of automated vehicles and defines technical requirements (e.g.,
cybersecurity, software updates, data storage). Liability remains primarily with the vehicle
owner, supplemented by manufacturer liability for technical defects. Operational deployment is
regulated nationally.

(Example: Germany permits Level 4 vehicles without a driver, but only in officially defined
operating areas. Approval requires regulatory authorization as well as technical oversight that
monitors and can intervene remotely.)

National framework for the use of automated vehicles in road traffic (incl. driverless systems).
Operation only on approved routes with oversight possible. Independent of EU regulation.

Comprehensive legal basis for the use of self-driving vehicles, enabling centralized national
approval and commercial application. Independent of the EU legal framework.

Regulation at the state level, permits tests and commercial robotaxi services. Liability is heavily
based on product liability law, making manufacturers responsible for technical defects.

Permits tests and demonstration operation of autonomous vehicles in state-approved test
areas. Requires approval for operators and vehicles; authorities define safety and operating
requirements. Liability continues to follow existing traffic laws, supplemented by manufacturer
responsibility for technical defects.

Table 2: Overview and comparison of various regulatory frameworks for robotaxis (own illustration)

European countries that are not part of the EU are
pursuing their own regulatory approaches. With
the Automated Vehicles Act 2024, the United
Kingdom has established a comprehensive legal
framework for the use of self-driving vehicles
(Department for Transport, 2025). Switzerland,
too, has created a national framework through

its Ordinance on Automated Driving, which has
permitted various applications in road traffic
since 2025 (FEDRO, 2026). Both countries can
shape their regulations independently of EU-wide
coordination processes, which may give them
additional flexibility.

In the U.S,, the regulation of autonomous vehicles
is significantly more decentralized. Many legal
decisions are made at the state level. States such
as California, Florida, and Texas have created their
own regulatory frameworks that permit testing
and, in some cases, commercial robotaxi services.
This decentralized approach enables companies to
test and introduce new technologies relatively
quickly. Liability is also an important issue in the
U.S. In addition to traditional vehicle owner
liability, product liability law is particularly
relevant here. Manufacturers of autonomous
systems can be held liable for technical faults or
safety defects, which provides a significant
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incentive to adhere to high safety standards.
(Asche, Gumushian, & Worley, 2026; Jansma, 2016;
National Conference of State Legislatures, 2020)

China takes a more federally directed approach.
The legal framework consists of a combination

of national laws, various relevant ministries, and
the regulations governing local pilot programs.

A key foundation is the “Road Traffic Safety Law,”
supported by “Standards for the Conduct of

Road Testing and Demonstration Applications

of Intelligent and Connected Vehicles.” Many
cities are initially testing autonomous vehicles in
designated test zones before they can be deployed
more widely in public transportation. With regard
to liability, the existing rules of traffic liability
generally continue to apply here. In addition to
vehicle owners and operators, manufacturers

or developers of autonomous systems may also

be held liable, particularly if an accident is
attributable to technical errors or product

defects. (Gliick & Wu, 2025; Zhang, 2025)

’

Policy is a key driver of robotaxi
deployment: it can help shape regulatory
and infrastructural frameworks conducive
to the widespread adoption of these
autonomous systems. In addition, it can
provide financial support for promising
projects, which is particularly valuable
for initiatives that are not (yet) profi-
table. There are five building blocks
available to policymakers to guide the
expansion of autonomous driving, as
illustrated in Figure 10. In addition to
regulations, licensing, and operating
guidelines, policymakers can support
pilot projects and establish strategic
guidelines (World Economic Forum,
2026). Above all, policymakers signal
whether they support the expansion

of robotaxis, thereby influencing whether
robotaxi providers choose a particular
location.

Primary law to
establish the legal basis for
the deployment of
autonomous vehicles

Strategic goals and
societal priorities to
guide the implementation of
autonomous vehicles

Approval frameworks

An example of strong political support for
robotaxis is China’s Five-Year Plan. The govern-
ment issues a plan that sets strategic priorities

for the next five years. The 14th Five-Year Plan
(2020-2025) promoted the expansion of electric
mobility and “intelligent,” connected vehicles
(Covington, 2021). In March 2026, the 15th Five-
Year Plan (2026-2030) was approved, prioritizing
the mass production of Level 3 and Level 4
autonomous vehicles, along with the development
of humanoid robots and the achievement of
significant advances in Al (Leung, 2026). In
addition, the government is investing heavily in
the expansion of these technologies, which has
significantly accelerated the adoption of robotaxis.
©

Picture: Mobileye

Structured pilot
projects aimed at gaining

Operating regulations

and requirements to and conditions for the

allow autonomous vehicles insights for decision-making deployment and integration
to operate on public roads in the areas of regulation, of autonomous vehicles into

safety, and operations the transport system

Figure 10: Policy building blocks for the implementation of autonomous vehicles (based on WEF, 2026)
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The United Arab Emirates are pursuing dedicated
mobility strategies based on two pillars:
e-mobility and autonomous driving. In doing

s0, they are also establishing a clear strategic
framework for robotaxis, the adoption of which

is likewise being financially supported

(see page 22).

In the U.S,, strategies for self-driving vehicles
are developed at the state level; in California,
for example, there is the “Autonomous Vehicles
Strategic Framework” from 2022. This strategic
framework includes a concrete vision and guiding
principles for autonomous driving (State of
California, 2022). Now that experience has been
gained through various robotaxi pilot programs
in the U.S. and providers such as Zoox are
working toward commercialization, authorities
are beginning to harmonize safety standards
and define nationwide minimum requirements.
In March 2026, the NHTSA held the first “AV
Safety Forum” with industry representatives to
update the guidelines and safety standards for
autonomous vehicles (U.S. Department of
Transportation, 2026).

In the EU, member states, industry, and the
Commission are collaborating through the
“European Connected and Autonomous Vehicle
Alliance” (ECAVA). The alliance held its first
meeting in late 2025 to establish strategic
priorities. Four areas are of particular interest:
software-driven vehicles, automotive hardware,
Al and data, and the further adoption of
autonomous vehicles (European Commission,
2025). Under the umbrella of “Connected and
Automated Mobility” (CAM), the EU also
supports projects related to automated vehicles
at various levels: by developing guidelines and
roadmap strategies, introducing standards at
the EU level, funding research and innovation
projects, and drafting EU-level legislation as
needed (European Commission, 2024). Within
individual European countries, there are also
efforts to support autonomous driving and
expand robotaxi projects. In June 2026, 18 Euro-
pean member states signed a declaration to
accelerate and enhance large-scale cross-border
testing of autonomous vehicles, aimed at facilita-
ting their deployment under a common frame-
work across participating countries (European
Commission, 2026; Katanich, 2026).

“Robotaxis have already become established in many cities in
China and the U.S,, as the regulatory authorities and ride-hailing
and taxi companies are working together, in an iterative pro-
cess, with the technology firms to roll them out. Technologically
speaking, there are hardly any differences, but commercial and
regulatory hurdles are far lower and more flexible — this is
leading to rapid, widespread integration in what are now more
than 20 major cities, with thousands of vehicles. To achieve this
in Europe as well, there needs to be a willingness to tackle the
driver shortage in the lucrative taxi market first, so that the
investments made by vehicle manufacturers, technology firms
and transport companies can be justified — public transport
providers will then gain significantly cheaper access

to automated vehicles.”

Dr. Andreas Reschka, Senior Director of Product,

Systems, and Safety, Pony.ai
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In Germany, both the federal and state govern-
ments have issued their own declarations of intent
regarding autonomous driving. For example, the
Federal Ministry of Digital and Transport has
published the strategy paper (2024). The focus
here is not only on the technical development of
autonomous technologies (including robotaxis)
but also on their systematic integration into
transportation. The objectives are to strengthen
Germany’s position as a hub for innovation in
autonomous and connected driving, to transition
autonomous mobility services into regular
operation, to further develop the legal and policy
framework, and to support research projects.

At the state level, there are memoranda of
understanding to establish and expand model
regions for autonomous mobility. Since December
2022, Hamburg has been a metropolitan model
region for mobility. The “ALIKE” project on
autonomous driving (see Section 3.2.1) is conside-
red a key initiative of this model region in this
context (Metropol-Modellregion Mobilitdt, n.d.).
Just under four years later, Berlin also joined the
Metropolitan Model Region for Mobility. The two
federal states intend to collaborate on autonomous
driving as part of the model region (Berlin, 2026).
In Munich, too, representatives from politics,
business, and research signed a memorandum of
understanding on autonomous driving last year.
The goal is to network and expand model regions
for autonomous mobility and logistics. The goal
is to implement innovations more quickly and
consistently and to put autonomous systems

into practice, particularly in public and freight
transportation (Technical University of Munich,
2025).

“A European Way can be achieved
precisely through high standards

of safety, data, and environmental
protection, combined with targeted
support measures, thereby not only
addressing the need to catch up, but
also establishing a globally competitive,
sustainable mobility model.”

Prof. Dr. Nikolaus Lang, Managing Director
and Senior Partner, BCG
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Infrastructural
Condrtions

Road and Transport
Infrastructure

Robotaxis make use of existing road networks,
provided these have recognizable and consistent
lane markings, clear signage, and roads in good
condition. They rely on their environment being
clear and unambiguous; inconsistent lane
markings, temporary traffic controls, or frequent-
ly changing construction zones can limit their
wuse (International Transport Forum, 2023; Knie,
Canzler, & Ruhrort, 2019; World Economic Forum,
2025). Whether a road is suitable for robotaxis
depends primarily on the ODD, the predefined
operational design domain. It describes the
conditions under which an automated vehicle
may be operated, such as specific road types,
traffic conditions, and environmental conditions.

In urban areas, access to parking areas and stops

(PUDOs) is also becoming increasingly important.

For commerecial fleets, it is necessary to organize
boarding and alighting zones to ensure traffic
flow and safety (DB Regio, 2026).
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Digital Infrastructure and
Connectivity

In addition to mapping the surroundings using
sensors and software, a connected infrastructure
could support and complement autonomous
vehicle operations (Connected Automated Driving
Europe, n.d.; Hammerschmidt, 2019). While this
was long considered a promising direction, most
self-driving system providers have since moved
away from active investment in infrastructure
connectivity, and the discussion below reflects
this conceptual perspective rather than current
industry direction.

One such concept is "Vehicle-to-Infrastructure”
(V2I) communication: Vehicles could receive
information from traffic lights, traffic control
centers, or roadwork alerts. V2I systems could
enable better integration of vehicles into existing
traffic infrastructure (World Intellectual Property
Organization, n.d.). Another factor is “vehicle-
to-vehicle” (V2V) communication, which allows
vehicles to exchange information with one
another. This information may include current
location, speed, or braking maneuvers. Coopera-
tive systems such as these could enhance traffic
safety and improve traffic flow, especially when
many automated vehicles are operating in the
same area. A special form of V2V communication
is known as “platooning.” In this process, several
vehicles drive in close formation, one behind the
other, with the lead vehicle setting the speed and
driving behavior, and the following vehicles
adapting to it. This approach may enable more
efficient use of road space and offers energy
savings, as vehicles follow very closely behind
one another, thereby avoiding unnecessary
braking or acceleration. (Martinez-Diaz,
Al-Haddad, Soriguera, & Antoniou, 2021)

A robust digital infrastructure is essential for the
operation and integration of connected transpor-
tation systems (European Climate, Infrastructure
and Environment Executive Agency, 2025). While
mobile network connections are crucial for AVs,
many systems today are operational with mini-
mal connection speeds on the road, since vehicles
must remain safely operational regardless of
connection quality. Higher connectivity require-
ments are concentrated around depots and
maintenance sites, where they support uploading
data from the vehicle to centralized data centers
for tasks such as fleet monitoring and map
updates.

Operational, Energy, and
Service Infrastructure

Off-road, it is essential to establish a
robust infrastructure for charging and
maintaining robotaxis. This includes
charging infrastructure for fleets and
service infrastructure.

DEPOT,
MAINTENANCE,
AND SERVICE
INFRASTRUCTURE

/

Depot and service locations centralize key
operational tasks, such as charging, technical
inspections, and preparing vehicles for their
next robotaxi assignment, in a single location.
Robotaxis are also equipped with extensive
sensor technology, such as camera, radar, and
LiDAR systems (see page 28). Since these
components are critical to the safety of autono-
mous driving, they must be regularly inspected,
cleaned, and maintained. Robotaxis differ from
private autonomous vehicles in this respect as
well: due to their high daily mileage, maintenance
intervals are much shorter. (Skogsmo & Beiker,
2025; Verne, n.d.)

CHARGING
INFRA-
STRUCTURE

/

For robotaxi fleets, a dense and high-performance
charging infrastructure is a key component of
operational planning. Unlike privately owned
electric vehicles, which are generally used
relatively infrequently and primarily during the
day - and are therefore often charged overnight

— robotaxis are in service almost continuously.
This often results in very short charging windows
that operators must integrate into their day-to-day
operations.

The number, location, and charging capacity of
charging stations affect how often and for how
long — or over what distances — the vehicles can
be used. The charging infrastructure should be
available where many trips take place to avoid
unnecessary detours. In cities, different types of
charging stations are also needed: Fast-charging
stations allow for short charging breaks between
trips, while central depot locations can accommo-
date longer charging sessions as well as mainte-
nance and service (Joint Research Centre, 2025). In
practice, autonomous fleets are still often charged
manually. This increases operating costs and
represents a break in the automation process.

As a result, there are an increasing number of
automated charging solutions. Robot-assisted
systems, such as those offered by Rocsys, are
designed to automatically detect vehicles and
connect them to the charging station (Youd, n.d.).

Another limiting factor is grid capacity. In many
regions, power grids are not designed to provide
high charging power for numerous robotaxis
simultaneously. This can lead to bottlenecks,
particularly at central charging hubs. A sufficient-
ly sized and stable grid infrastructure is therefore
a prerequisite for scaling up robotaxis (L-Charge,
2026).
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In addition to attractive conditions
cases is crucial for the widespread

, developing use

adoption of robo-

taxi services. The relatively large number of robotaxi
options in the U.S. and China provides insights into

usage patterns.
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In San Francisco, you can book a ride-hailing
trip with a Waymo or Zoox robotaxi. Compared
to conventional, human-driven ride-hailing
services from Uber and Lyft, a Waymo robotaxi
costs about US$ 9.50-11 more (O'Kane, 2025).
Nevertheless, Waymo’s market share is growing,
while those of Uber and Lyft are shrinking
(Campbell, 2025). Observers see one possible
reason for this in users' preference for privacy
afforded by a driverless robotaxi (O'Kane, 2025).
This user perspective is valuable both for cities
and municipalities and for providers and their
business models.

Due to the lack of established robotaxi services
in Europe, there is currently no European user
perspective. Select pilot projects, such as those
in Oslo and Darmstadt (see page 16 and 17), have
tracked user perspectives — and continue to do
so — albeit limited to their respective pilot
contexts. Understanding (potential) users also
beyond the pilot context is crucial for the
successful establishment of robotaxi services.

Hoppy Donat ~ Lifemark C oup

Thus, in collaboration with Uranos, a Germany-

wide survey (n=2,511) was conducted between
February and March 2026 to answer the following
questions:

User Acceptance

Who is already using robotaxis? Who plans
to use them in the future? And under what
conditions would users consider taking a
shared ride (as part of a ride-pooling service)?

Micromilieus
In which target groups will robotaxis
first gain a foothold?

User Perception

How are robotaxis perceived by potential users?
What role will they play in the mobility mix from
the users’ perspective?

4



User Acceptance

The survey began by asking who has
already used robotaxis and who plans to
use them in the future. Based on the
responses, it is possible to estimate the
market potential for robotaxis. In addi-
tion, the survey was intended to reveal
what percentage of respondents is
somewhat skeptical of robotaxis and
why. Answers to these questions should
be taken into account to ensure the
acceptance and adoption of robotaxis.

The results show that while about two-thirds of
respondents are familiar with the concept of

robotaxis, only about half of them would consider

using one in the future (see Figure 11). The other
half stated that they had no interest in using a
robotaxi. Only about two percent said they
already use robotaxis. This comparatively low
figure is likely due to the lack of established
robotaxi services in Europe.

Gender

o)

2%

30% 37%

31%

43%

27%

Figure 11: Demographic characteristics of the respondents (Institute for Mobility/Uranos, 2026)
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18-24

25-34

35-44

45-54

55-64

>65

B | have used robotaxis before
B | am familiar with robotaxis but have not used them yet

| am familiar with robotaxis but am not interested in using them
| don’t know robotaxis

Demographics

2%

33%

29%

>

|

|

o

36%
24%
36%

33%
25%

37%
21%
40%

35%
28%
37%

34%
30%
35%

28%
36%
36%

(Prospective)
Robotaxi Users

The robotaxi user base was surveyed about their experiences
and intentions regarding future use of robotaxis. About 30%
reported positive experiences and said they would like to
use a robotaxi again. The majority, however, found the rides
to be average and would therefore “only maybe” use a
robotaxi again (see Figure 12).

In addition to the intention to use a robotaxi, it is important
for ride-pooling business models to understand the condi-
tions under which users are willing to share a ride with
other passengers. Evidently, cost is a crucial factor. Further-
more, it is important to respondents that sharing a ride does
not result in any time loss and that they know in advance
who they would be sharing the robotaxi with.

People without Interest
in Robotaxi Usage

Respondents who were not interested in using a robotaxi
were asked why. The results show that the majority are
satisfied with the status quo of their mobility and therefore
simply have no need for a robotaxi (see Figure 13). However,
a subjective sense of safety is also a decisive factor: 34%
reported safety concerns about autonomous driving and are
therefore not interested in robotaxis. In addition, people who
are not interested in robotaxis expect the cost of a ride to be
too high. These concerns reveal a gap between the actual
and perceived safety of robotaxis.

Reasons for sharing a robotaxi
Under what conditions would you be willing to share a
robotaxi with other passangers?

If it lowers the cost _ 49%

If it doesn't extend my travel time 38%

If | can see who the other passangers 32%
are before booking

If there’s no other option 30%
Only if I know the other passangers - 17%

If it lets us use priority/express lanes - 15%

| would never share a ride 9%

Other 6%

| will never ride in a robotaxi again 0%

Experience with robotaxis
Selection of one option

Positive experiences — would use it again 30%
Average experiences — would maybe use it again - 34%
Unpleasant experiences — would try again 13%

Good experience — but no interest in using it again 4%

Bad experience — would not use it again 4%

Other 15%

Figure 12: Reasons for sharing a robotaxi and experience
with robotaxis (Institute for Mobility/Uranos, 2026)

Reasons for rejection
Please indicate why you have no
interest in using robotaxis

I'am completely satisfied with my
current mobility options

| don't believe autonomous vehicles are safe 34%

| assume using robotaxis will
be too expensive

20%

I avoid using brand-new technologies 12%

I am worried about job losses

in the transport industry 12%

| assume robotaxis will lead to

. 10%
unnecessary traffic congestion

| am worried about the

. ‘ 7%
environmental impact )

Other (e.g. I've heard bad things about robotaxis) 5%

| don't like driving a car 4%

Figure 13: Reasons for rejection (Institute for Mobility/Uranos, 2026)
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Micromilieus

A particularly interesting question for the adop-
tion of robotaxis in Europe is who would use
them. Based on the Uranos Micromilieus and the
survey results, an analysis was conducted to
determine which milieus — with their varying
values, attitudes, and lifestyles — would be most
likely to use robotaxis. The results show that
even very different micromilieus are united by a
high willingness to try out a robotaxi (see Figure
14). There are only a few common characteristics
shared by all micromilieus with high levels of
willingness: they tend to be progressive, are more
likely to live in urban areas, are predominantly

male, and have medium-to-high social status.

The most conservative prospective
customers come from the micromilieu
of Wealthy Technocrats. They are
almost exclusively male, highly
educated, and wealthy. What likely
appeals to them most about robotaxis
is the thrill of a self-driving vehicle, the
individualism of a ride at the push of
a button, and a comfortable mobility
experience that allows them to catch
up on their emails at their leisure.

Urban Performers also enjoy a

high social and educational status,
have considerable wealth, and are
predominantly male. However, they
are more open to innovation than
the Wealthy Technocrats and are
occasionally willing to share a ride
in a robotaxi. They want to show off
their style, remain curious, and are
very interested in trying out new
technologies. For them, strong robo-
taxi brands and a unique in-vehicle
experience are likely essential.

Both Self-determined Individualists
and Techie Adventurers seek status,
design, and thrills in their mobility.
Like the Urban Performers, they are
also open to innovation, tend to be
male, and seek out unique experiences.
They value flexibility and multiple
options. In robotaxis, they are likely to
discover a new sense of freedom:
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They can book a ride spontaneously
and flexibly, which, thanks to self-
driving technology, offers a new appeal
compared to other mobility options —
even without a fellow passenger, if they
so choose. In their daily lives, members
of both micro-communities use shuttle
services like Uber or Lyft more
frequently.

Among predominantly female micro-
milieus interested in robotaxis, a
different picture emerges when it
comes to their motivations: They are
likely to choose robotaxis less for
reasons of status or design, or out of
enthusiasm for technology, and more
because of a sense of social responsibi-
lity and a commitment to sustainabili-
ty. The Conscientious Bourgeoisie
tends to consist of middle-aged women
who are committed to lifelong learn-
ing, have diverse interests, and remain
open to new ideas, including those
related to technology. Their mobility
decisions are guided by a sense of
responsibility, and they value social
interaction. Accordingly, they are
likely to find a shared robotaxi or
ride-pooling experience particularly
exciting. For them, sharing the ride

is not a necessary evil but rather an
opportunity to try something new and
connect with others.

The younger Mindful Creatives,

too, want to continually broaden

their horizons and therefore embrace
lifelong learning. Rather than social-
izing, sustainability is their top priority
when it comes to both their mobility
choices and their consumption habits.
They might see autonomous ride-
pooling with robotaxis as a sustainable
alternative to private cars and conven-
tional shuttle services — one that offers
new experiences.

For Urban Avantgarde the sustainabil-
ity aspect of robotaxis is likely to be
very important as well. They are
environmentally conscious and willing
to actively advocate for economic,
cultural, and environmental change.
The shared service and the opportuni-
ty to travel “on demand” are likely to
be yet another bonus for them: They
can enjoy their freedom and flexibility
and relax in a robotaxi without
spending a lot of money or even
having to buy their own car. Compared
to the Mindful Creatives, the Urban
Avantgarde is significantly more
critical of consumerism and tends to
have lower incomes. As a result, they
prioritize affordability when it comes
to their mobility.

Finally, there is the Status-oriented
Bourgeoisie. This is a metropolitan
micromilieu characterized by high
income and a focus on quality.

When they want to treat themselves
to something special, they turn to
exclusive, high-prestige products and
services. Nevertheless, financial
security remains important to them.
Robotaxis could be just such a special
treat for them — something they
occasionally indulge in when they
want to leave their car at home. For
additional prestige, they are likely to
prefer private rides over shared
robotaxi rides.

It turns out that the motivations for
trying out a robotaxi vary widely:

On the one hand, early adopters are
looking for unique experiences with a
certain appeal under a strong brand.
On the other hand, sustainability- and
price-conscious target groups demand
efficient and environmentally friendly
services that are definitely shared. It
remains to be seen whether thrill-seek-
ers will become regular robotaxi users
or whether, after one or a few rides,
their desire for something new will

be satisfied.

Picture: Verne

User Perception

Two questions are of central importance to the
societal impact of robotaxis: Are robotaxis a
supplement to existing modes of transportation,
or do they cannibalize them? And: If robotaxis
replace existing modes of transportation, which
ones will they replace? Answers to these questi-
ons can only be found through real-world expe-
rience and are likely to depend on robotaxi
availability, integration into existing services, and
pricing. Nevertheless, people were asked how
they assess the role of robotaxis in traffic volume.
The results show that, from the users’ perspecti-
ve, robotaxis are primarily a supplement to
existing modes of transportation. Despite their
presumed role as a supplement, however, the
majority of respondents assume that robotaxis
will have no impact on traffic volume.
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Willingness to use robotaxis

If there were robotaxis in my city, | would try them out
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Figure 14: Micromilieus with a high willingness to try out a robotaxi (Institute for Mobility/Uranos, 2026)
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Recommendations for Action

Recommendations
for Action

The exploration of robotaxi value proposition, existing services and initiati-
ves, the enablers and conditions, and usage intentions clearly shows that
robotaxis are gaining momentum in Europe — but there is still ground to
make up. The U.S. and China are still many steps ahead. Thanks to support
from tech giants, the Middle East is catching up quickly. The major robotaxi
providers are working to scale up their operations worldwide and could soon
come to dominate the European market as well. From a European perspec-
tive, there is an urgent need for action to catch up with global competition
and ensure that robotaxis are implemented “the European Way”: as a
meaningful complement to existing mobility services, delivering the greatest
possible benefit to society. This objective calls for action in five areas. ®
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