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¢ Vision in the intelligent mesh: from sensing to autonomous
visual intelligence
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DFKI - Augmented Vision
T e

e Simultaneous Localization and * Deep learning * Dense 4D reconstruction
Mapping (SLAM) * Object recognition * Non-rigid reconstruction

* 3D reconstruction * Semantic Segmentation * Body movements tracking

* Real-time stereo * Scene understanding e Temporal analysis

* Augmented Reality e Object Tracking
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A network of excellence for distributed, trustworthy,

dAIEDGE efficient and scalable Al at the Edge
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Everyone is a star

- Between airport terminal entrance and embarkation, a traveler will be
captured by a surveillance camera between 50 and 200 times.

! .m" J'E,f' « Security monitoring
_ .-m"’.- Tie - Passenger flow
v | management
« Biometric access control

« Operations and retail
analytics
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Why distributed vision?

Scale and coverage

A single camera only sees a fragment. Distributed
vision turns thousands of local viewpoints into @
coherent, airport-wide perception layer.

Real-time responsiveness
Processing close to each camera enables
immediate detection of events, queues or

anomalies without waiting for centralized pipelines.

Robustness and resilience

Failures, occlusions or lighting changes in one
location are compensated by others, yielding a
system that degrades gracefully instead of
collapsing.

Privacy-aware intelligence

Data can be processed locally, shared onIY as
anonymized features or aggregates, enabling
powerful analytics while limiting raw data
movement.

Vision agent ™

Computer network

3 55

Mobile robot

Sogo et al
Mobile Robot Navigation by
Distributed Vision Agent, 1999
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Vision in the intelligent mesh

 Vision becomes a system capability
Machine vision is no longer a standalone
module but a distributed function
embedded across networks of devices.

- From sensing to understanding
Visual systems evolve from producing
labels to building and maintaining shared
representations of the world.

- Intelligence moves into the mesh
Perception, reasoning and action are
spread across edge nodes rather than
centralized in a single cloud service.
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Why is vision evolving?

- Autonomous systems depend on vision
Robotics, mobility, XR and digital twins all
rely on continuous perception to operate
safely and effectively.

+ Classical pipelines are not resilient
Today’s vision stacks are often static, task-
specific and fragile outside controlled
conditions

- Systems need understanding
Future systems must interpret situations Tt S e
and adapt, not just detect objects. O @R E e

https://www.deeprobotics.us/news/wheel-leg-
locomotion-explained-the-ultimate-guide-to-lynx-m20/
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Trend 1: 3D world-centric vision

- Neural scene representations dominate
Gaussian splatting and neural fields replace hand-crafted geometry in
reconstruction and mapping.

« Vision becomes spatial
Perception shifts from 2D images to explicit three-dimensional world

models.

CVPR 2025:

VGGT - Visual Geometry Grounded
Transformer

Wang et al, U. of Oxford, Meta Source: Visual Geometry Grounded Transformer
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3D vision in the mesh

- Perception is shared
Multiple devices contribute partial views of
the same environment.

- Geometry is collective
World models are built cooperatively
across nodes rather than locally per
device.

- Knowledge outlives sensors
The environment representation persists
beyond any single camera.
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Trend 2: Generative vision

« Vision becomes predictive
Diffusion and world models generate
future or unseen visual states.

. . . . . CVPR 2025:
° Perceptlon gains |mag|natlon

Systems can synthesize missing views,
simulate outcomes and complete scenes. Bar et al, Meta, Berkeley, NYU

\ P

Navigation World Models
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Generative vision in the mesh

« Gaps are filled automatically
Devices compensate for occlusions and
Missing viewpoints using generative
models.

- Systems anticipate change
Visual intelligence predicts what will
happen next, not only what is visible now.

+ Perception becomes proactive
Vision supports planning and recovery
rather than passive observation.
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Trend 3: Agentic visual systems

* ViSion is goql_driven Multimodal. Data N ( m,s Vision-Language-Action Policy r Robot Action Date
Perception qu ptS . Subtask Commands - [—> Robot Acfion In-th?—wild Mobile ;Robot
dynamically based on i I

tasks and objectives.

High-Level Low-Level Action Expert <« g

w Language Shirt in basket Make bed
Instruction

! . In-the-wild Static Robot
Deploy out-of-the-box in new homes ;

7 =
=T
i |
f

A

Fold linen

- Seeing becomes
reasoning
Visual input is directly
coupled with decision
making and action.

In-Lab Static Robot

Fold laundry Sweep table

General Robot Data

10.5: a Vision-Language-Action Model with Open-World
Generalization
Physical Intelligence, 2025
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Agentic vision in the mesh

- Each node becomes an agent
Edge devices act as local visual decision
makers.

« Perception is self-directed
Systems choose what to observe to
reduce uncertainty.

- Intelligence is distributed
Autonomy emerges at system level rather
than inside a single model.
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From pixels to vision-language-world models

Q: Please detect bottle, knife fork ... Q How many dogs are there? Q: Please detect man with a green hat...

Instead of frame-by-frame
inference, systems maintain a
continuous internal model of
the world.

« Vision becomes persistent T E— T,

A: There are 20 <g> </g><o0><obj6>...</0> A <g> </g><o0><obj4>...</0>

Grounded Conversation

Q: Answer the question in grounded format.
What is unusual about this image?

- Perception becomes stateful

features <g>dog</g><o><obj3>.<o0>s

Grounded Image Caption

Q: Provide a short description of the image and
ground the objects that are mentioned.

A: A <g>young woman</g><o><obj5></0> with
<g>long brown hair</g><o0><obj7></0> is lying |1}
on her back, wearing a <g> l |
</g><o0><obj11></o> and <g> blue jeans
</g><o><obj2></0>, with <g> her hand
</g><o0><obj1></0> gently touching <g> her
head </g><o><obj7></0>

and a <g> </g><0><0bj0>...</0>s,

M which is not a common sight. Typically,
O e S S e I I I S e e S I S images of dogs are not associated with food
items like cupcakes. The combination of a
dog and a cupcake in the same image is

influenced by memaory, g v s ; _
CO ntext C] n d h | Sto ry Region Description Region QA Region Relationships

Q what might be the species of <objo> Q: What is <objO> and <obj1> hodling respectively?
And what might be their relationship.

Q: Provide one-sentence descriptions for

<objO> and <obj1>, respectively. . §
A: The species of <objO> appears to be a dog,
likely a breed with black and white fur, such as a
Border Collie or a similar herding dog.

A: <obj0> is holding a toy gun, while <obj1> is holding
a toy balloon. They are standing next to each other,
which suggests they might be companions or partners.

A: <g>A majestic lion statue, intricately
carved and adorned with a crown, stands
proudly on a pedestal, exuding strength

° ® L and regality</g><o0><obj0></o0>
 Vision becomes active I e

figure, adorned with a crown and holding a

1

sword, stands proudly on a pedestal,

Systems decide what to = L T2
observe based on goals and

uncertginty, ChatRex: Taming Multimodal LLM for Joint Perception and
Understanding

Jiang et al, 2025

ol
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The intelligent visual mesh

« Vision with local models
Local world models, implementation
at the edge.

- Nodes cooperation

Each element contributes partial S — o 80N g@ |..||||
knowledge to a global behavior. N \ B

- Knowledge flows, not just data
The system exchanges meaning and
information rather than raw pixels.

1211.2024 - Dr. Alain Pagani - p. 16



Thank You

ame.Name@name .eu

ﬁ\s




JAV

The Intelli lesh orkshop

Edge Al Technology Roadmapfor Orchestratl = n ous Systems Wlth Agentlc and Generative Al

Krakow Poland 27January 2026

H ' https://www.hipeac.net/2026/krakow/#/program/8254/

The Workshop on The Intelligent Mesh: Edge Al Technology Roadmap for Orchestrating Autonomous Systems with Agentic
and Generative Al is part of the HIPEAC 2026 Conference held in Krakéw, Poland.

The workshop is co-organised by large-scale Chips JU EdgeAl and Horizon Europe dAEPGE projects to exchange ideas to
foster collaboration among academia, researchers, and industry leaders to identify and roadmap next-generation edge Al
technologies and applications for secure, intelligent, and autonomous systems of the future.
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Workshop Topics

The intelligent mesh and distributed intelligence at the edge.
Edge Al trends and technological advancements.

Edge Al evolution from sensitive insight, to generative and
acting across physical to immersive environments.

A * Heterogeneous hardware platforms, edge Al accelerators,
- and bio-inspired architectures for the edge Al frameworks
and advanced algorithms.

% Small Language Models (SLMs) optimised for embedded
hardware.

. % Vision-Language Models (VLMs) for advanced machine
T perception,

% Agentic Al at the edge.

% Future of edge Al, autonomous and robotic systems,
vehicles and intelligent swarmes.

< European roadmap for next-generation edge Al systems.
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