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A NEW ERA FOR
ROBOTICS



‘)bots in 2026: hype or trend?

Key innovations and announcements

#MakinglnnovationHappen

2026 has been marked by a significant
acceleration in the capabilities of robotic
systems, driven primarily by
breakthroughs in Al.

Events like CES 2026 transitioned the
conversation from experimental prototypes
to commercially viable systems ready for
real-world deployment.

This shift is not confined to a single area but is
happening across hardware, software and

human-robot interaction.



https://www.nytimes.com/wirecutter/reviews/best-ces-2026-products/
https://www.cbc.ca/news/business/consumer-electronics-show-photo-scroller-9.7035070
https://lasvegasweekly.com/news/2026/jan/09/cool-tech-that-flew-under-the-radar-at-ces-2026/
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‘yond humanoids

Clarifying the scope and diversity of modern robotic systems

While the "Physical Al" revolution has captured global attention with advanced humanoids,
they represent only one branch of a much larger transformation.

The real story of Al in robotics is broader and more diverse, with a wide spectrum of highly
capable, task-focused machines that are already reshaping industries, years before humanoids
are likely to achieve large-scale deployment.

For most industrial applications, specialisation remains more efficient and
cost-effective than general-purpose humanoid forms.

As Jean Marc Salotti notes in his work “La robotique humanoide”,

‘ ‘ When efficiency and cost must be taken into account for a given task, a humanoid robot is
rarely the most suitable solution (Salotti, 2018).

Across factories, warehouses and construction sites, Al is equipping a new generation of these
specialised systems with advanced perception, adaptive motion and autonomous decision-making:

# Collaborative Robots (Cobots) now represent over 10% of all industrial robots installed worldwide
(source), working safely alongside humans in tasks like assembly, welding and quality inspection to
enhance productivity.

# Autonomous Mobile Robots (AMRs) are transforming logistics by navigating complex
warehouses to transport goods and manage inventory, increasing efficiency and reducing the need
for fixed infrastructure.

# Construction Robots are automating dangerous and repetitive work like bricklaying, site
inspection and demolition, which improves safety, reduces waste, and accelerates project timelines.



https://ifr.org/ifr-press-releases/news/how-robots-work-alongside-humans
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‘e path from automated to autonomous systems
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A brief history
The era of automation Sensing and reacting Inflecticc;n point
(1960s-2000s) (2000s — 2020s) (today)

©

The fusion of generative, agentic and
Machines executing repetitive, rule-based Systems using advanced sensors to physical Al enables systems to reason.
tasks with precision but no environmental react to obstacles without Machines can now imagine potential results
awareness. understanding broader context.

and devise new solutions to problems.
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'(ternal catalysts as innovation enablers

Technological and economic factors

The emergence of Al-powered robotics today is due to a simple and tangible convergence.

@ A leap in Al capabilities: multimodal models now allow robots to see, understand and act in real

environments, with generative and agentic layers adding reasoning and orchestration.

Hardware and compute have caught up: sensors, processors, batteries and on-board Al accelerators
are more powerful, more energy-autonomous and less expensive than five years ago.

Faster, cheaper skill acquisition: simulation tools, digital twins and reinforcement learning (boosted by
spill-overs from autonomous-driving R&D) let robots master dexterity and mobility without disrupting
operations.

Companies are facing and , making robots that can
perform a variety of tasks safely and reliably an attractive option.

The democratisation of certain models is bringing them closer to , meaning that the
integration of Al-enhanced robotics for companies is becoming equal or lower to human work.

Finally, , such as performance-based leasing, reduce risk and
facilitate deployment.

#MakinglnnovationHappen

Together, these converging
factors are accelerating the
transition from prototype to
practical application.

In addition, they are
unlocking new strategic
options, including the
relocation of production
back to local factories (see
part on “Emerging Use
Cases”).

—
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‘e Al engine

From automation to autonomy

The shift from simple automation to robust autonomy is
driven by the convergence of three branches of Al inside the
robot's body, turning it into what is now called a Physical Al
system: an Al that no longer lives only on a server, but
perceives, decides and acts in the real world.

AGENTIC Al:

The orchestration
layer

GENERATIVE Al:

The understanding
layer

Interpret scenes, language
and instructions

Turn understanding into
action by planning multi-step
tasks
The convergence of generative Al with physical Al
elevates the machines’ ability from merely detecting objects
to comprehending scenes with human-like context. A robot
can understand natural language commands in relation to
what its sensors capture.

This enhanced perception is then operationalised by
agentic Al, providing the crucial link between understanding
and action. As recent research from MIT demonstrates, this
is powerfully realised through concepts like predictive

PHYSICAL Al:

The embodiment
layer

Vision-Language Vision-Language-

processing, where a robot uses a "neural blueprint" to Models Convergence of the above Action Models
"imagine" the outcomes of its actions before committing to with sensors, actuators and
them onboard compute: physical

manifestation of Al.



https://news.mit.edu/2026/neural-blueprint-human-intelligence-in-soft-robots-0219

‘e Al engine

From automation to autonomy

The convergence shown in the previous page is unlocking a
series of capabilities that generate concrete industrial
advantages:

# Thanks to generative and agentic Al, robots can be
instructed in plain language and re-tasked without
code, which lowers the barrier to deployment
(particularly relevant for service applications in
healthcare, retail and hospitality).

# Vision-Language-Action models let robots translate what
they see and hear directly into safe, context-aware
movements (moving out of caged factory cells, through
warehouses, hospitals and construction sites).

@ Drawing on agentic Al, robots can build internal "neural
blueprints” of their environment and imagine the
outcome of an action before committing to it, which
represents a foundation for safer, more reliable
autonomy.

—
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What is Physical Al vs. Embodied Al?

Embodied Al: Learning by interaction

A scientific paradigm where intelligence is built from the ground up
through active physical interaction. The robot’s sensors and body shapes
its “mind”.

In embodied Al, forms dictate intelligence. The robot is not just a vessel
carrying a pre-trained Al programme. Instead, it is an agent that learns,
understands and builds its intelligence from the ground up by actively
sensing and acting in the world. The physical constraints and capabilities
of the body directly shape the nature of the intelligence that emerges.

Physical Al

A broad category referring to any Al system with a physical manifestation
that senses and influences the physical world, distinguishing it from purely
digital software such as ChatGPT.

In basic physical Al, the robot is simply a vessel for pre-trained software.




How is Al used in robotics?

Having established how Al is transforming robotic
systems and what new capabilities this is unlocking,
the question now is which concrete Al techniques
are actually at work inside today's robots. Behind
every autonomous behaviour sits a specific family of
Al methods, each addressing a distinct part of the
“‘perceive-decide-act” loop.

The visual on the right maps the eight applications
that matter most in practice, from perception and
sensor fusion (how robots perceive) to reinforcement
learning and fleet learning (how they improve over
time).

Explore the annexes to find out more about each of these
applications, what they do and the kind of robotic tasks they
enable.

‘ applications in robotics
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Perception
—O enables robots to « see » and interpret their
environment

Sensor fusion
combines data from multiple sensors for a more
accurate model

o Intelligent navigation
allows robots to navigate dynamic spaces efficiently

o Real-time adaptation
‘ enables robots to react instantly to unforeseen events

o Advanced manipulation
Robots learn to handle objects with precision

Human-robot interaction
Al enhances safety and intuitiveness in collaboration

o Reinforcement learning
Robots learn through trial and error in simulations

Fleet learning

Knowledge sharing across robot networks for rapid
improvement

—



‘)botics at a glance

Core components of a robot

#MakinglnnovationHappen

The Al techniques described only deliver when embedded in a machine capable of carrying, powering and acting on them. Behind every perception model or learning algorithm sits a set of
core physical components that determine what a robot can sense, where it can operate and for how long.

Two of these components form the foundation of any robotic system:

Body/frame (« the skeleton »): The physical structure provides the housing for the robot's components and is designed to withstand the forces of its own movement, its operating environment.
Power system: The power system supplies the necessary electrical energy to all components, with battery life being a critical metric that dictates the robot's operational duration between
charges.

B

Controller (« the brain »): The controller is the central
processing unit of the robot. It is a computer that runs the
software responsible for executing tasks, processing data
and making decisions*.

Sensors (« the senses »): Sensors are the robot's gateway to
the physical world. They gather data about the robot's internal
state and its external environment, mirroring the senses of a
living organism. Common types of sensors include vision
sensors (cameras), proximity sensors, proprioceptive sensors,
etc.

Actuators (« the muscles »): Actuators are the components
that convert stored energy (typically electrical) into physical
motion. They are the "muscles" of the robot, responsible for
moving its limbs and other mechanical parts.

End-effector (« the hand »): This is the specific tool or device
attached to the end of a robotic arm that interacts directly with
objects.

Explore the annexes to dive deeper into the key functions of the controller.

—




‘ applications in robotics

Current capabilities, expectations and limitations

Current capabilities

Today’s Al applied to robotics capabilities primarly operates as Narrow Al*, designed for specific tasks.

#MakinglnnovationHappen

*Discover our dedicated
report on Al technologies

Key capabilities include object recognition, tracking and environment mapping (computer vision, LiDAR), multimodal perception (vision + sound + touch),
navigation in structured and semi-structured environments, basic manipulation (pick-and-place, grasping known objects), reinforcement learning for
specific tasks, imitation learning from human demonstrations, voice commands and natural language understanding.

Expectations for the future

The industry has high expectations for the evolution of Al, moving towards more general and
sophisticated intelligence. The long-term goal is to develop Artificial General Intelligence*, which would
match human-level adaptability, learning and reasoning capabilities across different contexts.

AGl is set to achieve:

* Higher autonomy: robots operating with minimal human supervision, planning long-term tasks and
manage themselves

* Generalisation: one robot can perform multiple tasks across various environments

+ Smarter interaction with humans, through a batter understanding of natural conversations and
emotions

+ Self-learning: robots would learn new skills without reprogramming and could transfer this learning to
other robots

ﬂimitations

Technical fragility: Robots can fail unexpectedly when
encountering situations outside of their specific training.

Data dependency and quality: Robotic systems need
vast amounts of high-quality data to learn effectively.

Cost and ROI: The high initial investment in intelligent
robots can be a barrier without a clear return.

Safety and governance: Autonomous robots introduce

significant safety and security risks that require strict
oversight.

—


https://luxinnovation.lu/resources/ai-ecosystem-technology-at-a-glance

LUXINNOVATION

03

MARKET
APPLICATIONS



LUXINNOVATION

#MakinglnnovationHappen

‘pact of Al-powered robotics by sector

Potential for sectors

Al-powered robotics will not impact every sector equally. This chapter examines the industries where its transformative potential is highest, starting with an
overview that compares the relative relevance of robotics across major sectors.

Manufacturing T
Transport & logistics T
Space _
Healthcare _

Retail & hospitality D

Telecom & IT

Energy & materials _

Banking & finance

MEDIUM HIGH

Potential of Al applied to robotics

—
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‘pact of Al-powered robotics by sector

Focus on Luxembourg

Transport & logistics

Having identified the sectors
Manufacturing where Al-powered robotics
could create the strongest
Space impact, we now add a

Luxembourg lens. This visual
compares the general
potential of Al-enabled
robotics by sector with the
HeleE sectors that are already
prominent or growing in
Luxembourg, helping identify
where national relevance and

/ Retail & hospitality robotics opportunity may

overlap.
/ Telecom & IT

MEDIUM HIGH

Sector relevance in Luxembourg

HIGH

Potential of Al-powered robotics by sector
MEDIUM
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High-impact sectors

MANUFACTURING TRANSPORT, LOGISTICS & SPACE

Al enables robots to move beyond simple, repetitive assembly tasks. They Al acts as the intelligence layer behind modern logistics, mobility and space

can now handle product variations, perform complex quality inspections operations, optimising everything from warehouse automation and autonomous

using computer vision and work safely alongside human employees. transport to satellite and robotic missions in orbit and beyond.

Key applications: Key applications:
@ Collaborative robots (Cobots): robots equipped with sensors and Al to @ Autonomous mobile robots (AMRs): Robots that navigate warehouses

safely share a workspace with humans, assisting with tasks like lifting, to pick, sort and transport goods, optimising fulfilment operations.

assembly and packaging.
@ Autonomous trucking: Al-driven navigation for long-haul transport and
@ Al-powered quality control: vision systems that identify defects in real-time last-mile delivery, aiming to reduce costs and delivery times.
with greater accuracy than human inspectors.
Autonomous drones and spacecraft: Al-driven navigation and decision-
Predictive maintenance: robots that monitor machinery and use Al to making Earth observation satellites, in-orbit servicing and planetary
predict failures before they occur. exploration, reducing costs, delays and reliance on human intervention.

Automotive supplier Novares has launched a pilot program with Innov8 to test Al-enabled
humanoid robots (Unitree) in its manufacturing operations. The aim is to assess how these
robots can perform repetitive and physically demanding tasks, move between workstations and
support production teams without disrupting existing factory workflows.

Serve Robotics is expanding the use of its Al-powered autonomous delivery robots beyond food
delivery through a pilot program with NoScrubs, a laundry service startup in Los Angeles. The
robots autonomously deliver clean laundry directly to customers, demonstrating how Al-driven
robotics can support new last-mile logistics use cases beyond the restaurant sector.

o —— o —

The project also compares humanoid robots with autonomous mobile robotics solutions to
identify the most effective technologies for material handling, internal logistics, and shop-floor
operations. ’

N o



https://www.roboactu.fr/serve-robotics-etend-ses-robots-trottoirs-au-dela-du-repas-chaud-et-livre-la-lessive-de-la-startup-noscrubs-a-los-angeles/
https://supply-chain.net/novares-robots-humanoides/

Luxembourg—based success story e o

. Lunar Outpost

Founded in 2017 in Colorado and with a presence in Luxembourg since 2022,
Lunar Outpost is a private space company specialising in autonomous robotic
systems designed for extreme environments, with a particular focus on the
Moon. The company develops robotic rovers and mobility systems that operate
with high levels of autonomy in conditions where human intervention is
impossible or severely constrained. Lunar Outpost has become a key industrial
partner in NASA's Artemis program, while also pioneering a commercial model
for off-Earth robotic services.
~

: autonomy in the harshest environment
Operating robots on the Moon presents one of the most extreme challenges for
Al and robotics: communication delays, extreme thermal cycles, fine
electrostatic lunar dust interferences with mechanical systems and unstructured
terrain, poorly mapped and highly variable.

: Al-driven robotic mobility platforms
Lunar Outpost addressed this challenge by developing the Mobile
Autonomous Prospecting Platform (MAPP), a compact yet highly capable
lunar rover designed around Al-driven autonomy rather than remote
control. MAPP integrates autonomous navigation and hazard avoidance,
Al-supported perception using stereo vision and onboard sensors.

Source: Lunar Outpost Youtube channel
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Medium-impact sectors

HEALTHCARE ENERGY & MATERIALS

In healthcare, Al-powered robotics brings a new level of precision, Al robotics is primarily deployed to enhance safety and efficiency for

consistency and assistance to medical professionals. inspection, maintenance and exploration tasks, often in hazardous or remote

environments inaccessible to humans.

Key applications: Key applications:

@ Robotic-assisted surgery: Surgeons use robotic systems to perform @ Automated inspection: Al-powered drones and crawlers inspect critical
minimally invasive procedures with greater precision and control. infrastructure like pipelines, wind turbines and power lines, using computer

vision.

' 4 Laboratory automation: Robots automate repetitive tasks like sample
handling and analysis, increasing throughput and reducing errors. @ Robotic drilling and mining: Autonomous drills and mining equipment use Al
to navigate complex geological formations and operate continuously.

@ Rehabilitation and companion robots: Robots that assist patients with

physical therapy exercises or provide companionship for the elderly. @ Hazardous material handling: Robots are used to handle radioactive waste,
——————————————————————————————————————————————————————————————— ~. decommission nuclear facilities and manage dangerous chemicals.
An ltalian hospital in Milan is piloting Alter-Eqgo, an Al-enabled humanoid robot X LT T T T T T T T T T T T T T e e e e  m—m e ————— -

’ ANYbotics' Al-powered quadruped robot ANYmal autonomously inspects offshore wind
platforms and substations. Equipped with computer vision, thermal imaging, acoustic sensors
and Al analytics, it detects equipment anomalies, corrosion, leaks and maintenance issues
without requiring technicians to enter hazardous environments.

designed to support patients and healthcare staff. The robot can welcome and guide
patients, answer questions, collect patient feedback such as pain levels, deliver basic
items and facilitate remote interactions with healthcare professionals.

ABB Robotics and Roche have partnered to bring Physical Al-powered robotics into
clinical laboratories, aiming to automate repetitive workflows and create more
connected, efficient diagnostic environments. The collaboration focuses on using
autonomous mobile robots and robotic manipulators to handle tasks such as pathology
slide management, sample movement, and laboratory intralogistics. ! .

GEODIS has modernised its logistics facility in Douvrin, France, by deploying robotic and
automated intralogistics solutions from BOA Concept with a strong focus on both operational
efficiency and environmental sustainability.



https://www.anybotics.com/news/worlds-first-autonomous-offshore-robot/
https://presseagence.fr/douvrin-logistique-geodis-et-boa-concept-allient-robotique-et-sobriete-energetique-pour-moderniser-un-entrepot/
https://sante.ouest-france.fr/medecins/dans-cet-hopital-les-patients-peuvent-discuter-et-etre-accompagne-par-un-robot-articule-e3d88cc4-6e18-11f1-971c-5aa54f866c16
https://sante.ouest-france.fr/medecins/dans-cet-hopital-les-patients-peuvent-discuter-et-etre-accompagne-par-un-robot-articule-e3d88cc4-6e18-11f1-971c-5aa54f866c16
https://sante.ouest-france.fr/medecins/dans-cet-hopital-les-patients-peuvent-discuter-et-etre-accompagne-par-un-robot-articule-e3d88cc4-6e18-11f1-971c-5aa54f866c16
https://www.abb.com/global/en/news/137077/prsrl-abb-robotics-collaborates-with-roche-to-bring-physical-ai-to-laboratories
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Medium- to low-impact sectors
TELECOM & IT BANKING & FINANCE
Al in robotics supports the Telecom and IT sectors by automating the The application of physical robotics in banking and finance is minimal and
maintenance and management of physical infrastructure. focused on automating niche physical tasks rather than core financial services,
which are dominated by software-based Al.
Key applications: Key applications:
@ Data centre automation: Robots perform routine tasks such as monitoring @ Robotic process automation in cash management: Robotic systems
server temperatures, swapping out failed drives and managing cabling. automate the counting, sorting and packaging of cash in large vaults.
@ Cell tower maintenance: Drones equipped with high-resolution cameras @ Customer service kiosks: Some banks have trialled humanoid robots in
and Al software inspect telecommunication towers for structural integrity and branches to greet customers and handle basic inquiries, although this
equipment functionality. remains a niche application focused more on marketing than operational
efficiency.

@ Fibre optic cable installation: Robotic systems are being developed to
automate parts of the labour-intensive process of laying fibre optic cable.

G+D provides robotic and highly automated cash-processing systems used by central banks,
commercial banks and cash centres to automate the counting, authentication, sorting, packaging
and movement of banknotes. The company has been expanding robotic automation to reduce

manual cash handling and improve efficiency in cash centres.

g —

e& UAE uses Al-powered autonomous drones to inspect telecom towers across the
UAE. The drones combine computer vision, real-time analytics, and autonomous flight
capabilities to detect structural defects, equipment issues, and safety risks without
requiring technicians to climb towers.



https://www.gi-de.com/en/spotlight/technology-talk/robotic-automation-a-game-changer-for-cash-processing
https://www.eand.com/en/news/16-april-25-eand-uae-revolutionises-telecom-towers-with-AI-powered-drones.html

- sveewesws
gEMerging use cases

Short-term perspective

#MakinglnnovationHappen

Combat robots

Al-enabled combat robots are moving from prototypes to real battlefield use, with
humanoid systems like the Phantom MK-1 already tested for reconnaissance, weapons
handling and breaching tasks, including deployments to Ukraine. Autonomous ground
and aerial systems have been used in coordinated attacks, such as Ukraine’s 2024
all-robot assault, showing that unmanned platforms are now fully integrated into combat
operations. At the same time, Lethal Autonomous Weapon Systems capable of selecting
and engaging targets without human input are increasingly deployed, raising major
ethical and legal concerns and driving international calls for tighter regulation.

3 x QINNODURA

Rl <'gssocient pour |a robotiquée du

patiment

In construction

The construction robots developed by Bouygues Construction in partnership with
Innodura are capable of performing complex specialist tasks, such as drilling for the
installation of thermal insulation, thereby speeding up energy-efficiency renovations, as
well as operations in confined environments, such as tunnels or nuclear power
stations, thanks to inspection robots capable of moving safely in restricted spaces. Their
technology, based on robotic arms equipped with 3D cameras, enables the robot to
perceive its environment, adapt its trajectory in real time and thus carry out guidance,
navigation, sorting (automated object classification) and traffic control tasks, paving the
way for assistants capable of handling the most repetitive, physical and risky tasks on
construction sites.



https://www.la-croix.com/international/phantom-mk-1-ces-robots-soldats-que-l-ukraine-experimente-sur-le-front-20260318
https://www.la-croix.com/international/phantom-mk-1-ces-robots-soldats-que-l-ukraine-experimente-sur-le-front-20260318
https://www.la-croix.com/international/phantom-mk-1-ces-robots-soldats-que-l-ukraine-experimente-sur-le-front-20260318
https://fsi.stanford.edu/sipr/content/lethal-autonomous-weapons-next-frontier-international-security-and-arms-control
https://modernconstructionnews.com/news/bouygues-construction-innodura-robotics-partnership-explained/
https://modernconstructionnews.com/news/bouygues-construction-innodura-robotics-partnership-explained/
https://www.globalconstructionreview.com/bouygues-partnership-to-bring-more-robotics-to-site/
https://www.bhaskarenglish.in/tech-science/news/foundation-sends-phantom-mk1-robots-ukraine-battlefield-testing-137442806.html
https://www.globalconstructionreview.com/bouygues-partnership-to-bring-more-robotics-to-site/
https://www.bhaskarenglish.in/tech-science/news/foundation-sends-phantom-mk1-robots-ukraine-battlefield-testing-137442806.html

'nerging use cases

#MakinglnnovationHappen
Medium to long-term perspective: reindustrialising Europe

Al-powered robotics is not only an automation technology; it could become a strategic
tool for rebuilding Europe's industrial capacity.

\\\\\\\\\\\\\\\\\\\\\\

Europe can still win with Al. The key is
focusing on physical Al

Closing the labour gap
Al-enhanced robots can take over tasks that are hard to recruit for, enabling industries to scale
production without relying solely on additional human labour.

Boosting productivity and competitiveness TRADE | GERMANY
Al-driven robotics can increase productivity, improve quality and enhance operational flexibility, helping Germany bets on industrial Al to rival US and China
offset Europe's higher labour and operating costs.

Enabling reshoring of critical manufacturing
Sectors like batteries, semiconductors, pharmaceuticals and advanced materials benefitfrom e

high-precision, flexible automation. NVidi?’s ..lensen Hu.ang says Al .
robotics is a ‘once-in-a-generation’
Strengthening European sovereignty and resilience opportunity for Europe

The pandemic and geopolitical tensions exposed Europe’s dependence on external suppliers. Investing
at a European level in Al-powered robots technology allows Europe to gain in digital sovereignty (see

section 3), but also to strengthen its resilience and supply chain risks. EUROPE SHOULD FOCUS ON INDUSTRIAL Al, SAP SAYS

Accelerating large-scale infrastructure and energy projects

Reindustrialisation requires building factories, energy systems and logistics hubs faster than Europe’s
construction workforce allows. Al-robotics in construction (inspection robots, drilling robots, robots for
constrained environments) improves speed on major projects, directly supporting industrial capacity
expansion.

—


https://www.dw.com/en/germany-industrial-ai-deutsche-telekom-china-us-robotics-car-industry/a-75871997
https://www.weforum.org/stories/2026/01/europe-can-still-win-with-ai-the-key-is-focusing-on-physical-ai/
https://www.cnbc.com/2026/01/21/nvidia-jensen-huang-robotics-opportunity-europe-.html
https://www.enca.com/business/europe-should-focus-industrial-ai-sap-says
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Why digital sovereignty matters in the world
of robotics

Every technological wave forces a strategic question on the businesses and policymakers adopting it:

? With Al-powered robotics, that question becomes unusually concrete. Unlike a piece of pure software, an intelligent robot is
a physical agent operating inside a company's premises, on its production lines or in public spaces. The robot's hardware may come from one country, its Al
models from another, its cloud back-end from a third, and its software updates from a fourth. Each link in that chain is a potential dependency and, if
disrupted, a potential point of failure.

These interdependencies raise three sets of stakes that no other technology combines in the same way:

: a robot whose Al runs on a foreign cloud platform, or whose firmware
depends on remote updates, can be slowed, disabled or remotely re-tasked outside the operator's
control.

: robots continuously capture images, sound, locations, biometric signals and
process intelligence. Where that data is stored, who can access it and under which jurisdiction is rarely
a neutral technical detail.

: autonomous systems make decisions in real environments. The
values, safety thresholds and legal standards embedded in their Al models are not always those of the
country in which they operate.
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Sovereign Al-powered robots
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All streams of data captured through the robot’s sensors (cameras,
microphones, LiDAR), the insights derived from that data (facial recognition,
factory floor mapping) and juridiction governing its use.

Robot’s operating systems, specific Al models used for navigation
(computer vision), interaction (LLMs), analysis and the overarching software
platform used to control the robot.

All physical part of the robots (body, engine, batteries, sensors, actuators,
end-effector), embedded processors (CPUs), Al accelerators (GPUs), local
network (wifi, 5G) and cloud servers used for updates and heavy
computation.
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Awareness before sovereignty

The realistic starting point for companies

In a globalised, deeply interconnected economy, full digital sovereignty is neither realistic nor, in most cases, desirable. No single country, and certainly no single
company, produces every chip, trains every model, hosts every dataset and operates every cloud it relies on.

The decisive variable today is not whether a company is sovereign, but whether it has consciously chosen its dependencies. For most organisations, the right first step
is an awareness exercise: knowing where each layer of their robotic stack comes from, what would happen if a given supplier, jurisdiction or platform became
unavailable, and which of those risks they can absorb, mitigate or must avoid.

Concretely, this translates into three pragmatic habits:
: For every robotic system in operation or under evaluation, identify the origin and
governing jurisdiction of the hardware, the Al models, the data flows and the cloud or connectivity
services it depends on.

: Before signing a contract, treat dependency, data-
localisation and remote-control risks with the same rigour as financial, operational or cybersecurity risks.
: Some risks justify European or local alternatives; others can be
managed through contracts, redundancy or insurance.

Done well, this discipline is not a brake on innovation. It is what allows companies to adopt Al-powered robotics with confidence, and what gives public
actors a clear basis to support strategic capability where it matters most.

26
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Despite the significant progress recent tech
and economic factors allowed, according to
Gartner’s hype cycle, robotics-relevant fields,
such as embodied Al, Al simulation and
world models, are expected to reach the
productivity plateau in the next 5 years.

Their elevated position on the curve suggests
accelerated innovation but also highlights that
expectations are temporarily outpacing
practical deployment. Integrating Al into
physical systems introduces complexities
(safety, reliability, real-time perception, and
cost) that slow down real-world adoption
compared to pure software domains.

Gartner
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2 — 15 years before impact

‘timated timeline for scale deployment

INDUSTRY

Controlled, predictable environment

> Industrial factories and warehouses are structured, repetitive and standardised.
> Robots can operate safely because variables are limited: fixed workflows, restricted areas, trained staff.

> Easier to validate and certify Al behaviour when the environment is stable.

10y

SERVICES

More complex environment
> Hospitals, hotels, retail stores and public spaces are dynamic and unpredictable.

> Robots must deal with irregular layouts, crowds, noise and constant change.
> Requires more advanced perception, planning and adaptability.

1 5y B2C

Highest safety, usability and ethical constraints
> Home environments are the least structured and vary massively from one household to another.

> Interactions with non-trained users (children, elderly people, pets) increase safety and liability risks.

v

2 years

10 years

15 years
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‘timated timeline for scale deployment

Focus on industry

Industry is the first wave: structured environments,
clear ROI and existing certification paths make 2 years

+/- 2 years until scale deployment 2 Eeellsle ol

Why? Concrete example
> Mature foundations: factories already run on automation, robotics and BMW x Figure Al: humanoid robots on the assembly line
igi i i isti h ilt h. . . : . .
digital twins, so Al is added to an existing stack rather than built from scratc BMW has introduged a pilot project af its Leipzig plant to
> Strong economic pull: labour shortages, reshoring and productivity deploy humanoid robots in automotive production for the first
pressure create a clear, measurable return on investment. time in Europe. These robots can perform repetitive and
physically demanding tasks, like delivering materials,
> Bounded risk: workflows are repetitive, perimeters are restricted and assisting in assembly and supporting high-voltage battery
operators are trained. Al behaviour is easier to validate and certify. production, while navigating autonomously through the
factory.

> Regulatory clarity: machinery, ISO and CE frameworks already cover most
industrial use cases, limiting legal uncertainty. In a nutshell

> Funding momentum: EU and national programmes (Horizon Europe,

> Figure Al humanoid robots handle sheet-metal parts in the
IPCEI, Fit 4 Digital) actively support industrial Al and robotics pilots. o ) ! . !

body shop, working alongside human operators.

> Al vision and large behaviour models let the robot adapt to
part variability without re-programming each station.

—



‘timated timeline for scale deployment

Focus on services

+/- 10 years until scale deployment

Why?
> Unstructured settings: hospitals, hotels, retail and public spaces involve
irregular layouts, crowds, noise and constant change.

> Higher perception demands: robots need advanced vision, language and
planning to handle non-trained users and unpredictable interactions.

> Fragmented integration: each site has its own IT systems, workflows and
staff routines, making rollouts slower and more bespoke.

> Stricter compliance: healthcare, hospitality and public-service contexts
add data protection, safety and accessibility requirements.

> Business-model maturity: robotics-as-a-service offers are still emerging,
which delays large procurement decisions.

#MakinglnnovationHappen

Services scale more slowly: technology is ready in
pockets, but environmental complexity and integration

effort push broad deployment to a 10-year horizon.

Concrete example

Diligent Robotics: Moxi in hospitals

Moxi, developed by Diligent Robotics, is an Al-powered,
socially intelligent hospital robot designed to assist nurses
and clinical staff by performing time-consuming, non-patient-
facing logistical tasks.

In a nutshell

> Moxi autonomously delivers medication, lab samples and
supplies across hospital floors.

> Relies on Al navigation and natural-language interaction to
operate in busy, semi-structured corridors.

> Even with strong clinical results, scaling from pilot units to

full hospital networks takes several years per provider. -
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‘timated timeline for scale deployment

Focus on B2C

+/- 15 years until scale deployment

Why?
> Extreme variability: every home has a different layout, lighting, objects and
routines. Generalisation is far harder than in factories or hospitals.

> Non-trained users: children, elderly people and pets increase safety,
liability and ethical risks that today's Al cannot fully mitigate.

> Affordability gap: consumer price points are still far from the cost base of
current humanoid platforms.

> Regulatory frameworks: consumer safety, Al Act obligations and product
liability rules for home robots are still being shaped.

> Trust and acceptance: living with a humanoid robot raises privacy, social
and cultural questions that take time to resolve.

B2C is the longest horizon: unstructured homes,
vulnerable users, regulation issues and cost barriers

make a 15-year timeline a realistic central scenario.

Concrete example

1X Technologies: NEO humanoid for the home

NEO is a humanoid robot developed by 1X Technologies
designed for everyday use in the home. It acts as a personal
assistant that can automate household chores like cleaning,
folding laundry, organizing items and carrying objects, helping
users save time on routine tasks. Powered by Al, NEO can
also interact naturally through conversation, recognize its
surroundings, and learn new skills over time.

In a nutshell

> NEO is designed for everyday household tasks.

> First deployments are limited to selected households with remote
human supervision, reflecting current safety and reliability limits.

> Reaching affordable, safe and fully autonomous home robots is

widely estimated at 10 to 15 years. -
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'nerging technology trends
What could we expect in the future?
Cloud robotics and collective learning Generative Al and robotics: from programming to conversation
The future of robotics is connected. Instead of each robot learning in The way we interact with robots is set to fundamentally change. The rise of
isolation, they will tap into a shared "brain" in the cloud. Through cloud generative Al is eliminating the need for complex programming, allowing us to
robotics, every experience, challenge and solution encountered by command robots using natural language and intent. A ground-breaking concept
one robot can be instantly uploaded, processed and shared across an in this area, researched by MIT, is "Speech to Existence", where users can
entire global fleet. If a delivery robot in London learns to navigate a new describe a desired object or environment in their own words, and an Al-
type of obstacle, a robot in Tokyo can benefit from that knowledge moments powered robotic system will understand the abstract request, design the
later. This paradigm of collective learning will exponentially accelerate skill required components and assemble them in the physical world. This shift
acquisition, reduce the computational burden on individual robots and lower from explicit instruction ("move arm to coordinate X, Y") to abstract intention
the barrier to entry by allowing simpler hardware to access powerful cloud- ("build a small table here") will democratise robotics, empowering anyone to

based Al. command and create with intelligent machines.

The hybrid workspace: from cobots to true teammates
The evolution from simple automation to agent-based infrastructure is creating a true hybrid workspace. Future robots will not just be tools that perform repetitive

tasks alongside humans; they will be autonomous agents capable of understanding and pursuing complex, multi-step goals. Powered by agentic Al, these
robotic teammates would be able to take on ambiguous objectives, proactively solve problems, coordinate tasks with human colleagues and other robots, and
adapt their strategies in real-time. This creates a dynamic, unified workforce where humans and intelligent machines collaborate as a single, highly efficient team.

—


https://news.mit.edu/2025/mit-researchers-speak-objects-existence-using-ai-robotics-1205
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‘ applications in robotics

How is Al used in robotics?

Perception: This is arguably the most critical Al application in robotics. Using cameras

and sophisticated deep learning models, robots can "see" and interpret their environment

in rich detail. This goes far beyond simply detecting an object. Al enables:

+ Object recognition and classification: Identifying specific items, people or obstacles.

+ Scene understanding: Building a holistic view of the environment.

+ Pose estimation: Determining the precise orientation of an object in 3D space, which is
critical for grasping and manipulation tasks.

Sensor fusion: Robots are often equipped with multiple sensors, such as cameras,
LiDAR (Light Detection and Ranging), infrared and sonar. Al algorithms are used to fuse
the data from these different sources into a single, more accurate and more reliable model
of the world. For instance, a camera might be fooled by poor lighting, while LiDAR is not.
By combining both, an Al system creates a robust perception that is greater than the sum
of its parts.

Intelligent navigation: Al enables robots, particularly Autonomous Mobile Robots
(AMRs), to navigate dynamic spaces. Instead of following a magnetic strip on the floor, an
Al-powered robot uses its perception system to create a map of its environment and
calculates the most efficient route to its destination, avoiding unexpected obstacles like a
misplaced pallet or a group of people.

Real-time adaptation: The real world is unpredictable. Al allows a robot to react instantly
to unforeseen events. A delivery drone, for example, can use Al to detect a sudden
change in wind speed and adjust its motor output to remain stable, or reroute its path if its
planned landing zone becomes obstructed.

O
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Advanced manipulation: Many tasks require a delicate touch. Using Al, particularly
reinforcement learning, a robot can learn to handle objects of varying shapes, sizes and
fragility. By processing feedback from force/torque sensors and cameras, a robot can
learn how much pressure to apply when picking up a piece of fruit versus a metal part,
mimicking the adaptive grip of a human hand.

Human-robot interaction: Al makes collaboration between humans and robots (cobots)
safer and more intuitive. Al-powered computer vision can track a human's position and
movements, automatically slowing or stopping the robot if the person gets too close.
Furthermore, Natural Language Processing (NLP) allows workers to give commands to a
robot using simple spoken language, eliminating the need for complex programming to re-
task the machine.

Reinforcement learning: This is a powerful technique where a robot learns a task
through trial and error, much like a person learning a new skill. The robot receives a virtual
"reward" for actions that lead it closer to its goal and "penalties" for incorrect actions.
Often, this training happens in a highly accelerated simulation, where the robot can
practice a task millions of time in a virtual environment before applying the learned skill in
the physical world. This is used to teach robots complex tasks like bipedal walking or
intricate assembly.

Fleet learning: When one Al-powered robot in a network encounters a new situation and
learns how to handle it, that knowledge can be shared across the entire fleet. For
instance, if one autonomous vehicle successfully navigates a tricky, unmarked
construction zone, the data from that experience can be used to update all other vehicles
in the network, leading to rapid, collective improvement.

—



‘)botics at a glance

Where does Al apply?

#MakinglnnovationHappen

Controller Hardware: The controller's hardware is the physical foundation
of the robot's "brain", comprising the electronic circuits that collect data. At
its core is a central processing unit (CPU), which manages the robot's
primary functions and runs its operating system. However, for modern
robotics, the CPU is rarely sufficient on its own. The immense volume of ——
data from sensors requires specialised processors. This is where ’
the computing power becomes critical. Graphics Processing Units (GPUs)
and, more recently, dedicated Al accelerators are integrated to handle the
parallel computations required for machine learning models. This
specialised hardware allows the robot to perform complex tasks in real-
time.

Controller Software: The software layer brings the hardware to life and is
where artificial intelligence truly transforms the robot's capabilities by
processing and analysing data. This is not a single program but a suite of
advanced software components:

» Perception: Al algorithms process the raw data from sensors to build a
meaningful model of the world. For example, computer vision models
analyse camera feeds to detect, classify and track objects.

» Decision-making: This is the core of the Al's "thinking" process. Instead
of following rigid, pre-programmed instructions, the robot uses machine
learning models (such as reinforcement learning or decision trees) to
choose the best course of action based on its current perception and
goals.

» Motion planning: Once a decision is made, Al-powered motion planning
algorithms calculate the precise sequence of movements required to
execute the action safely and efficiently.

CONTROLLER
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