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Introduction: Why the future of autonomous
operations must be human-centred

Are you automating yesterday’s
processes, or building systems that will
shape the future of work, decision-making
and human potential?

Too often, Al and automation are treated as end
goals and isolated upgrades. But true autonomy is
something more. It means creating intelligent sys-
tems that elevate human capabilities and operate
alongside people, not instead of them.

This playbook introduces a human-centred, full-
stack approach to cognitive autonomy. It chal-
lenges traditional automation by rethinking human
roles, workflows and trust to unlock real business
value—improving safety, strengthening workforce
resilience and retention and accelerating tech-
nology adoption and scaling in industrial opera-
tions. It’s not about adopting trendy technology for
its own sake.

Who is this playbook for?

This playbook is for organisations ready to move
from fragmented automation pilots to scalable,
trusted autonomy. It’s written for:

Technology developers who build autonomy-
enabling products or solutions

System integrators who need robust, modular
technologies that can scale across domains

Operations leaders managing safety-critical or
complex systems

Strategic decision-makers leading innovation
and transformation

What’s inside:

The three horizons of human-centred cogni-
tive autonomy > How autonomy matures over
time, with clear human roles in every phase

Full-stack cognitive autonomy platform >
How perception, data, Al and interaction fuse into
intelligent, human-centric systems

From research to impact - VTT’s multi-discipli-
nary co-creation model

How to take the next step - From vision to exe-
cution



HUMAN-CENTRED COGNITIVE AUTONOMY

Human-centred cognitive autonomy

The value of human-centred cognitive

What is human-centred cognitive autonomy

autonomy?

As autonomy moves into regulated, safety-critical | T o o el ST
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domains, trust can’t be an afterthought. Systems
must be explainable, governable and aligned
with ethical, legal and operational responsibilities
from the very beginning. Without trust, autonomy
doesn’t scale.

Cognitive autonomy means building intelli-
gent systems that can perceive, learn and
act while collaborating with humans, not
apart from them. Cognitive autonomy is:

m Context-aware: understands and
interprets not just data, but the context
around it

Human-centred cognitive autonomy is not about
productivity or efficiency alone—it unlocks stra-
tegic value rooted in safety, trust and workforce
= Adaptive: learns and improves through transformation:

feedback instead of static rules

) - Improves safety, not just efficienc
= Explainable: makes decisions that can " P y J y

be understood and trusted m Strengthens adoption through trust and
i i : trainin
= Ethical and safe by design: aligned 9
with ethics and human values from the m Future-proofs your workforce through stra- 010
start tegic skill development
m Collaborative: supports human-Al m Aligns Al development with human values,
interaction through XR, intuitive inter- compliance and long-term resilience

1 @ 0 10120

faces and human-in-the-loop control . :
P Autonomy isn’t the end of human work—it’s the

= Empowering: shifts human roles from next step in how people and intelligent systems
operators to orchestrators collaborate. We need autonomous systems that
are trustworthy, explainable and designed to

In short, autonomy depends on under- N
y aep enhance human capability.

standing, collaboration and trust—not
just technical performance.
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The three horizons of human-centred cognitive autonomy

The journey to autonomous operations
doesn’t happen overnight. It evolves
through three distinct horizons, each
building on the last—introducing new
capabilities, changing human roles and
unlocking new benefits.

These horizons reflect more than technical matu-
rity. They represent an organisational evolution
from tool-users to autonomy architects. Trust,
transparency, purpose and governability are
embedded into every layer of the process, from
first pilots to full-scale autonomy ecosystems.

Whether you’re currently in Horizon 1 or 3, explain-
ability, safety and ethical foresight are already busi-
ness critical.

HORIZON 1: 0-2 YEARS

Assisted autonomy

The journey begins with Al-augmented
operations, where autonomy supports peo-
ple—not the other way around. Intelligent
systems assist human operators with deci-
sion-making, hazard detection and digital
interfaces that help simplify complex tasks.

Operators still lead the work. Al and
advanced interfaces start to identify and
reduce cognitive load, flag risks and help
streamline operations. At this horizon,
organisations also begin to cultivate a
safety-first, Al-aware culture by training
teams, building trust and proving value
early.

HORIZON 2: 3-5 YEARS

Semi-autonomous systems

Autonomy begins to take on a more active
role. Machines shift from passive tools to
semi-autonomous teammates, guided by
human oversight. Operators become super-
visors of intelligent systems. They oversee
Al-driven fleets, coordinate dynamic tasks
and step in when needed.

At this horizon, trust becomes critical.
Interfaces must be explainable and safety
systems transparent. Organisations develop
human-Al collaboration frameworks, rede-
fine roles and reskill people to supervise,
rather than manually control, complex oper-
ations.

HORIZON 3: 5+ YEARS

Fully autonomous ecosystems

At this horizon, autonomy reaches matu-
rity—not by removing humans, but by ele-
vating their role. Machines handle execution
and Al systems coordinate operations.
People provide oversight, governance and
ethical boundaries.

This is where strategic autonomy emerges:
self-learning systems adapt in real time,
embedded Al governance safeguards
human values and teams evolve from
machine operators to designers, orchestra-
tors and leaders of autonomy.

The human factor remains essential. A fully
autonomous system is only sustainable if
it’s trusted, explainable and aligned with
real-world responsibilities.

2025 > 2027 > 203X >

Agentic Al with

Complete autonomy
in all conditions

Autonomy with
human in the loop

Autonomy in controlled

Basic Automation )
environment

human supervision
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Technologies, domains and stages of autonomy

At VTT, our approach connects
domain-agnostic technology
horizons with domain-specific use
cases in e.g. defence, machinery,
mining and manufacturing. This
allows us to transfer proven
technologies across industries and
tailor them to the needs of each
domain.

ﬁ\ Intelligent robotics

Defence and security, machinery, mining, harbour operations etc.

Future work with cognitive autonomy

Horizon 1: Assistive

Operator with Al support
and safety systems

Operational /
Manufacturing work

Mobile worker with Al-assisted

Field / Remote work diagnostics and AR tools

Specialist using Al-augmented

Knowledge work decision support tools

@ Spatial computing and

m extended reality

Domain-agnostic tech horizons

@i}' Industrial Al

Domain-specific use cases

Horizon 2: Semi-autonomous

Supervisor of semi-autonomous
machines and fleets

Remote operator supported
by real-time data and co-pilots

Collaborator with Al agents for
planning, simulation and co-creation

@ Safety and human factors

Horizon 3: Fully autonomous

Ecosystem orchestrator overseeing
full-stack autonomy

Mission coordinator managing
distributed autonomous operations

Designer and governor of intelligent
systems and workflows
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Unlocking value through cognitive autonomy

Spatial computing & Enabling real-time perception and holistic situational
sensor data analysis awareness to support simulation-driven development,
minimising risk and deployment costs.

Al & machine learning: Optimising decision-making, enabling predictive activities,
reducing failures and unlocking new service-driven revenue
models. Transfer and federated learning reduce Al training
costs and improve scalability, while explainable Al (XAl)
ensures transparency, trust and regulatory compliance.

m Transfer learning
m Federated learning
= Explainable Al

Robotics & Increasing productivity, lowering operational costs and

intelligent machines minimising downtime.

Extended reality & Improving human—-machine interaction to enable immersive

digital twins training, enhance remote monitoring and improve decision-
making.

Human factors & Enhancing workforce adoption, trust and operational safety.

organisational safety This reduces resistance to automation while ensuring

human-machine collaboration aligns with regulatory and
ethical considerations.
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VTT’s cognitive autonomy platform

Advancing through the autonomy horizons
requires more than Al models, machine
learning algorithms or robotic upgrades.
Many pilots stall because they focus on
iIsolated features and fail to grasp the
bigger picture.

True advancements require systems that can see,
understand and do while keeping humans at the
center of decision-making. Real transformation
happens when perception, learning and action are
fused into one cohesive system—designed not just
to optimise performance, but to empower people
every step of the way.

At VTT, we call this full-stack cognitive autonomy.
Intelligence is built layer by layer, from real-world
sensing to strategic execution.

_@_

Real-time situational awareness

In the first layer of autonomy, machines must
sense and interpret the world around them con-
tinuously, safely and with precision.

Key technologies that enable perception include:

Sensor fusion for comprehensive environ-
mental input

Spatial computing for mapping and context
awareness

Edge computing for low-latency decisions on
the move

Robotics and automation platforms for data
collection

Without perception, there is no autonomy, only
automation. With perception, machines start

to understand the present status and adapt in
real time. Some systems, like robotics and edge
computing, span multiple layers. They support
both real-time sensing and precise action,
serving as bridges between perception and
action.

Cognitive insight and trustworthy
decision-making

Perception alone is reactive. We need learning
to turn perception into intelligence. The learning
layer enables systems to analyse, adapt, predict
and evolve based on data, feedback and simu-
lated futures.

Key technologies that enable learning include:

Al and machine learning models that person-
alise and adapt

Digital twins that simulate actions before
they happen

Al learning techniques that address the scar-
city of raw data, preserve privacy across
multiple data sources and ensure trans-
parency and human trust

Al governance and cybersecurity to build
trust, traceability and compliance

Here, machines don’t just respond, they
improve, guided by rules, ethics and the
humans they serve.

From decisions to execution

Intelligent decisions start producing impactful
results through interfaces, control systems and
collaborative workflows that prioritise execution
in the real world.

Key technologies that enable action include:

Cognitive interfaces with extended reality

Explainable Al that supports transparency
and accountability

Human-in-the-loop design for trust, safety
and clarity

Robotics and automation platforms for task
execution

Adaptive workflows for different user roles
from operator to strategist

When action is designed with humans in mind,
autonomy doesn’t isolate people, it elevates
them.
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Practical example: Cognitive XR training & remote service systems

Imagine preparing operators for complex,
safety-critical tasks from mobile machinery and
processing plants to defense operations.
Traditional training is costly, slow, and limited in
exposing people to rare or high-risk scenarios.
Our Cognitive XR Training and Remote Service
Solutions provide immersive training and
support environments that combine real-time
perception, adaptive learning, and human-
centered action.

Built on Unity and deployable on leading
headsets, it enables:

Perception: Simulated environments
replicate high-risk conditions such as
equipment malfunctions, shifting orders, or
dynamic mission scenarios.

Learning: Adaptive Al models monitor deci-
sion-making, detect stress or fatigue Iif
needed, and adjust scenarios in real time for
improved resilience and skill retention.

Action: Operators receive guided feedback
through XR dashboards or remote expert
support, enabling safe rehearsal of complex
tasks, troubleshooting, or live mission support.

The full-stack cognitive autonomy approach
ensures training translates into real operations.
Use cases range from onboarding operators for
complex machinery, to stress-adaptive defense
readiness programs, to remote service
simulations for field technicians.

This helps companies and organizations
accelerate skill acquisition, reduce downtime,
and improve safety while creating long-term
adaptability in workforce capabilities already
being explored in sectors such as defence and
industrial operations. It helps bring clarity,
foresight and agility to human decisions.

Are your operations driven by
constantly shifting optimisation
parameters and relying on human
input? If so, ask yourself:

How do you currently train operators or
onboard new employees in complex or
high-risk tasks?

Are you able to provide remote support or
guidance effectively, or does expertise
need to be physically present?

Where do you see knowledge transfer or
skill retention breaking down?

If these questions resonate, get in touch
with VTT to explore how cognitive people
and resource intelligence can support your
operations.




Who we work with

Whether you’re designing autonomous machines,
running complex operations or integrating sys-
tems across domains, autonomy must be tailored,
tested and trusted. At VTT, we turn cutting-edge
research into real-world, high-impact solutions, co-
developed with you and embedded into your value
chain.

We co-create value across industries, from forestry
and logistics to manufacturing, defence and public
safety. We help you build systems that are safe,
explainable and ready for scale.

From foundational Al algorithms to full-stack
deployment frameworks, we support both tech-
nology creators and technology users.

‘_ J ‘ HUMAN-CENTRED COGNITIVE AUTONOMY

Product and technology
developers

If you’re developing autonomy-enabling

products (e.g. machines, hardware, soft-
ware or Al tools), we help you accelerate
innovation safely and efficiently with e.qg.:

Domain-specific Al algorithms and cog-
nitive architectures

Sensor fusion and predictive analytics
tailored to your use case

Simulation environments and digital
twins for validation

Human-machine interface development
for explainable control

Our solutions are designed specifically for
your use case and can be integrated into
your products or platforms, or delivered in
collaboration with your system providers.
This enables faster development, validated
functionality and greater customer trust in
autonomy-enabling technologies.

Operations leaders

If you run complex operations (e.g. logistics
chains, production plants or mobile fleets),
we help you enhance safety and resilience
and future-proof your operations with:

Al-augmented operations and human-
in-the-loop control solutions

Autonomous system design and pilot
deployment

Situational awareness empowering
predictive activities

Organisational transformation, including
safety culture, trust-building and up-
skilling

Together, we move from isolated experi-

ments to scalable systems, always with your

people and operations at the center. We
help you improve safety, reduce downtime
and create strategic autonomy roadmaps.

ﬁ

System integrators

If you’re integrating technologies across
platforms or domains, we support your
work with robust, modular technologies and
their integration:

Science-backed Al modules to enhance
the functionality of your products

Human-Al collaboration models embed-
ded into end-to-end workflows

Piloting and integration support across
diverse domains

We work with you to reduce project risk,
accelerate deployment cycles and deliver
cutting-edge autonomy across industries.

10
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Your next step: from vision to execution

You’ve seen the path. From real-

time perception to learning systems

and human-centred action, cognitive
autonomy is more than a buzzword.

It’s a layered, scalable and trust-driven
approach to transforming how systems
work and how people interact with them.

Replacing humans isn’t the future. True future suc-
cess comes from creating autonomous systems
that are safe, explainable and aligned with your
values.

What VTT offers

We combine deep research with hands-on collab-
oration to turn science into scalable solutions. Our
offering includes:

m Expertise across autonomy, Al, robotics, spatial
computing, safety and human-tech interaction

m Real-world piloting environments for safe test-
ing and rapid iteration

m Cross-domain insight that bridges industries
and future-proofs your roadmap

m A collaborative mindset: we work with you, not
just for you

How to get started

Book a session to learn more about the future
horizons of autonomous operations and spe-
cific technology domains

Explore a pilot in a real-world testbed

Co-develop a solution module (e.g. Al-driven
people and resource intelligence, digital twin,
XR interface)

Run an autonomy readiness sprint or Al feasi-
bility study for your organisation

Why and how to partner with us

We help our customers build new busi-
ness and solve global challenges through
science and technology. Partnering with
us allows you to create sustainable busi-
ness opportunities and connect with cut-
ting-edge Finnish and international innova-
tion networks.

Autonomy doesn’t work unless it works

for people. We’re here to help you move
from vision to execution—with systems that
serve your people, your operations and your
future.

11
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Want to find out more?

Explore more from VTT

Want to see how this all connects in practice?
Here are some of our most relevant service Get in touch!
areas:
Sini Rytky
Transformation of industrial work Solution Sales Lead,
Human-technology collaboration, new work Cognitive Production Industries

models and cognitive augmentation VTT Research
Learn more > sini.rytky@vtt.fi

Spatial computing & extended reality
From immersive interfaces to digital twins and
real-time situational awareness

Learn more >

Al for industry

Trustworthy, explainable Al tailored to complex
industrial environments

Learn more >

Ethics and future Al
Ethical and socially responsible Al
Learn more >

Safety culture assessment and development
Ensuring and developing safety practices for your
organisation

Learn more >
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beyond the obvious

VTT is one of the leading technical research organisations in Europe and
we have over 80 years of experience in cutting-edge research and science-
based results. Our more than 2,000 professionals work to develop systemic

and technological solutions that can bring about fundamental transformation.

We promise to always think beyond the obvious.

www.vitresearch.com


http://www.vttresearch.com
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