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Introduction to the REXASI-PRO Project

" The project aims to develop
groundbreaking Al solutions that
are ‘trustworthy-by-construction.

This approach will ensure that
autonomous vehicles, like wheelchairs

and flying robots, operate with the

highest levels of safety and reliability.

n

The REXASI-PRO project is pushing the boundaries of artificial intelligence and
mobility by creating a more sustainable, trustworthy, and efficient system
for people with reduced mobility. Funded by the EU under Horizon Europe, the
project aims to develop groundbreaking Al solutions that are “trustworthy-by-con-
struction.” This innovative approach will ensure that autonomous vehicles, like whe-
elchairs and flying robots, operate with the highest levels of safety and reliability. By
combining social navigation algorithms and cutting-edge Al models, REXASI-PRO
envisions a future where Al not only adapts to dynamic environments but also com-
municates effectively with its surroundings to ensure smooth, safe mobility for its
users.

The project takes a multi-faceted approach to ensure the robustness of these Al
systems. From autonomous wheelchairs navigating through crowded spaces to
flying robots assisting in emergency scenarios, REXASI-PRO’s framework inte-
grates advanced machine learning techniques with a focus on green Al solutions.
Through energy-efficient methods and a novel certification process, the framework
will set new standards for Al-powered mobility solutions, helping improve the in-
dependence and safety of individuals with reduced mobility. With its commitment
to innovation and ethical considerations, REXASI-PRO is transforming the way we
think about mobility, autonomy, and the future of Al.

This magazine provides an in-depth look at the various contributions and mile-
stones achieved by the partners involved in REXASI-PRO. It includes detailed
sections on the development of Al algorithms for both wheelchairs and drones,
insights from leading institutions on safety, ethical considerations, and the envi-
ronmental impact of these technologies. Featured articles dive into the technical,
ethical, and societal challenges faced during the project, alongside practical de-
monstrations of how REXASI-PRO's innovations are shaping a more inclusive futu-
re. The structure of the magazine offers a comprehensive view of the project’s sco-
pe, with contributions from project partners, highlighting the collaborative effort to
create smarter, greener Al solutions for autonomous mobility.

REXASI



artificial intelligence

DJaitek

Aitek contribution

1.1 Aitek role in video analysis

Aitek in REXASI-PRO provides its central
contribution in the video monitoring system
installed at the CNR premises. Cameras are
able to detect specific events and alert the
orchestrator. Cameras were strategically
positioned in certain points to comprehen-
sively monitor wheelchair-accessible rou-
tes. The video monitoring system detects
in real-time events through Deep Learning
(DL) techniques, such as YOLO [1], careful-
ly crafted and optimized to fulfill project’s
requirements and environment (i.e., fi-
ne-tuning with new collected data, adding
pre-processing and post-processing layers,
ensembling with other architectures). The-
se types of Convolutional Neural Networks
(CNNs) are able to classify different types
of objects and detect their position in the
image, determining the class and the boun-
ding box of the objects of interest. The
open-source models of YOLOVS (https:/
docs.ultralytics.com/) range from nano to
extra-large, with the nano model having the
best performance in terms of frames per
second and the extra-large obtaining the
best accuracy value, measured by metri-
¢s such as mean average precision (mAP).
In the task of object detection, the YOLO

Aitek, with over 30 years of experience in
intelligent systems for transport, security,
and communication, will play a key role in
the project by defining requirements for an
innovative self-piloting wheelchair. Leve-
raging expertise in Deep Learning and Cy-
ber-Physical Systems, Aitek will integrate
sensors, drones, and cameras to realize this
groundbreaking solution.

model is on topo of Single Shot Detectors
(SSDs), those models capable of detecting
both the class and position of a given object
in a single shot. YOLO is not the only model
belonging to the SSD class, but it is gene-
rally more efficient in terms of speed and
accuracy [7]. In this specific video moni-
toring system, YOLO was trained both on
open-source datasets available on the web
and on custom data collected at the CNR
premises.

The classes of interest are people and whe-
elchair, while the identify events are:

+  Crowd in a particular area of interest. In
particular, the level of crowd detected
in a specific area that could change the
path of the wheelchair.

+ Stop of the wheelchair. If the wheelchair
stays still for more than a particular time
selected, for instance 10 seconds. This
type of information could be useful to
act quickly during a possible malfun-
ction.

+ Direction of a single person. For instan-
ce, if a person is going toward the whe-
elchair in opposite direction in a corner,
we can notify the potential risk to the
orchestrator and thus to the wheelchair.

* Running person. For instance, a person
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who is running in the corridor going in the wheelchair path and possibly met the whe-

elchair in a blind spot.

Identified the classes and the events, the video monitoring system notifies the orchestra-

tor through a MQTT messages.
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Figure 1- Examples of framing and event detection through the smart monitoring system.

1.2 Verification and Validation framework

The objective of the REXASI-PRO V&YV fra-
mework is to provide a structured and com-
prehensive approach to validate and verify
the Al components in REXASI-PRO. By in-
tegrating simulation, explainability, reliability
and cybersecurity, we aim to create arobust
V&V process that guarantee the safety of
the Al system. These aspects were introdu-
ced in Deliverable D2.3 in the requirements
definition phase, and can be summarized in:

Simulation: Simulation plays a crucial
role in the validation process, allowing
for testing Al systems in a controlled
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environment that replicates real-world
conditions. Through extensive simula-
tions, we can evaluate system's perfor-
mance across a wide range of scenarios,
including edge cases that might not be
easily testable in the real world, such as
the so called “black swans [8]".

XAl: Explainability is an important fea-
ture of trustworthy Al. This framework
emphasizes how the use of explainable
Al models produces an Al system which
is not only effective but also transpa-
rent.

RAI: Reliability is essential in the defini-
tion of Trustworthy Al, especially in sa-



" The video monitoring system
detects events in real time through

Deep Learning, ensuring safer
wheelchair navigation in
dynamic environments. n

fety-critical applications. This framework
includes methodologies to ensure that Al
models maintain consistent performance
over time and across different operating
conditions through the definition of pro-
babilistic safety region.

By continuously looping between machine
analysis and human insight through these
statistical procedures, the W cycle in REXA-
SI-PRO ensures transparency, adaptiveness,
and a solution aligned with safety standards.
This continuously process is applied in every
step of the video monitoring system design
and development:

Risk Analysis: The process begins with
a detailed analysis of the system’s Ope-
rational Design Domain (ODD) and the
identification of triggering conditions that
could lead to unsafe behaviors. This pha-
se results in the definition of safety goals
for the video monitoring system, concre-
te countermeasures designed to mitigate
potential failure modes reported in Deli-
verable D2 4.

Fair and ethical data collection: The data
collection phase includes a rigorous as-
sessment of the dataset to ensure fair-
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ness, both in terms of class balance (e.g.,
person, wheelchair) and ethical represen-
tation (avoiding bias across demographi-
cs, gender or ethnic groups). This ensu-
res that the training data reflects realistic
and inclusive scenarios, forming a reliable
foundation for the model.

Development and Training: Multiple
neural network models are trained and
evaluated to determine the most robust
architectures. During this phase, ensem-
ble techniques or model combination
strategies are applied to maximize accu-
racy and generalizability. This allows for
redundancy and fault tolerance, aligning
with the previously defined safety goals.

Deployment: In the deployment phase,
statistical methods such as conformal
prediction, [6], are applied to monitor and
validate the model’s output in real time.
These methods help assess whether pre-
dictions fall within the system'’s expected
behavior boundaries, and trigger warnin-
gs when the model operates outside its
validated ODD. This strengthens the vi-
deo monitoring system'’s reliability in dy-
namic environments.

(a) (b) (c) (d)

Figure 2 - example of dangerous scenarios considered: (a) risky scenes with obstacles
or high crowd density; (b) safe scenes with clear forward paths, (c) safe scenes from the
KTH-IDOL 2 database; (d) perturbed scenes with fog or smoke, labeled as risky due to im-
paired visibility.

The W cycle thus reflects a complete loop, from proactive risk identification to ethical data
handling, model refinement, and real-time statistical assurance. It ensures that the video
monitoring component of REXASI-PRO is not only technically sound but also ethically ali-
gned and safety-focused, contributing to the project’s overarching goal of building Tru-
stworthy Al solution.

1.2.1 Gray swan and scenario settings

This Section presents a benchmarking study of Vision-Language Models (VLMs) to sup-
port semantic scene understanding and safety assessment in autonomous wheelchair na-
vigation. The evaluation is based on an indoor dataset recorded at the CNR Villa in Genoa,
extended with synthetically perturbed images that simulate visual degradation (e.g., fog,
smoke, reduced illumination). The safety classification task addresses four critical risk fac-
tors relevant to indoor assistive navigation: immediate obstacles, crowd density, visibility
degradation, and fall risks due to stair-related hazards. The results highlight key trade-of-
fs between reasoning power, inference speed, and robustness under varied visual condi-
tions. To support live operation in robotic navigation, a hybrid pipeline is discussed that
integrates VLM checkpoints with traditional perception modules, achieving both perfor-
mance and explainability at the edge. Vision-Language Models (VLMs) offer a compelling
new paradigm for semantic scene understanding in robotic navigation. Unlike traditional
perception systems that rely solely on object detection and depth estimation, VLMs com-
bine visual and textual modalities to reason about entire scenes. This is particularly advan-
tageous in assistive robotics, where static images of crowded corridors or partially visible
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obstacles may require contextual interpretation that goes beyond geometric data. Models
such as CLIP [2], MiniGPT-4 [3], and GPT-4 with Vision (GPT-4V) [4] enable scene-level
interpretation through either similarity-based matching or natural-language-conditioned
reasoning. Compared to traditional pipelines—which typically classify risks using a limited
set of visual categories and predefined rules—VLMs offer more flexible, explainable, and
abstract safety filtering. This section describes how each model was configured and eva-
luated to determine its effectiveness in classifying scenes as either “Safe to Proceed” or
“Risky to Proceed”. A key motivation for using VLMs in safety assessment is their ability to
recognize unexpected or rare risk scenarios. This challenge is often conceptualized using
the metaphor of “swans.” Grey swans represent rare but partially understood risk condi-
tions that can be uncovered through systematic performance evaluation. In contrast, black
swans resist such treatment, as they stem from the fundamental incompleteness of human
understanding—raising questions such as “when is enough, enough?” and pointing to the
existence of risks that are “unknown, but unknowable” [5].
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Figure 3: Swans in risk analysis. Grey swans refer to rare but partially understood risk condi-
tions. Black swans represent fundamentally unknowable hazards that may remain invisible
to structured evaluation frameworks.

Figure 3 illustrates this taxonomy. The VLM helps in the search of rare cases as it auto-
matically analyses a large bunch of images, thus avoiding human brute-force checking. It
comes out with unsafe conditions and explains inherent environmental conditions. In turn,
this drives further testing of unforeseen conditions in the border between safety and un-
safety. The final goal is to precisely specify requirements to avoid hazards, such as quanti-
fying the danger of decrease of light at specific corners or increase of crowd density. The
impact of a mix of those hazards on safety is difficult to understand. The VLM output for
each image can be automatically parsed in this perspective so as to focus human attention
to specific cases of interest with their explanations.
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Figure 4 - Scene with no immediate obstacles or
crowd, misclassified by all models.

Figure 4 shows a borderline case misclassified. It
is a kind of “grey swan”. The scene contains a pe-
destrian and a staircase at a short distance, but
was annotated as “Safe to Proceed”. The VLM
misclassified it due to image resolution and am-
biguous spatial cues, claiming the person to be
too close to avoid, likely overestimating distance.
How scenes like Figure 4 should be further tre-
ated is questionable. A specific training over an
additional set of stairs around the environment
would help increase driving awareness.

[
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Figure 5 - Ambiguous navigation scenario: A person in a wheelchair near the forward path
introduces

Conversely, Figure 5 illustrates a “black swan” case. Blackness is due to a wrong and coun-
terintuitive conclusion of the analysis. A person in a wheelchair near the forward path cre-
ates ambiguity. While no direct obstacle exists, the path is not fully open. Annotators de-
bated the correct label, and all three models flagged it as risky. In this case, the risky label
maintains a prudent approach to the problem. However, too many false positives (no real
risk exists in practice) would induce untuneful braking of the wheelchair, thus reducing the
quality of the driving experience. As already specified by the grey case above, additional
training with obstacles along the way and in the surrounding would increase the environ-
ment awareness as well. Overall, just two swans here suggest that there may be a signifi-
cant lack of knowledge about the exact level of object proximity to consider a path safe
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without false positives. It is worth noting that a proper filtering of VLMs outputs, such as
risky flags with objects explanation, gives an automatic way to facilitate human checking.

Overall, the study confirms that Vision-Language Models (VLMs), despite differences in
architecture and deployment feasibility, can meaningfully contribute to safety assessment
in assistive mobility systems. While current VLMs do not yet meet the latency and reliability
requirements for real-time autonomous navigation, they offer strong potential for offline
safety auditing, post-hoc validation, and debugging. Their ability to semantically interpret
complex scenes makes them well-suited for identifying ambiguous or under-specified risk
conditions that may be overlooked by traditional pipelines. These findings support the
integration of semantic-level understanding into the broader explainability and safety as-
surance strategy of the REXASI-PRO framework, reinforcing the complementary role of

language-guided reasoning alongside conventional perception systems.
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Centralized
coordination of

a fleet of drones
while exploring an
unknown area

Spindox Labs
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Centralized coordination
of a fleet of drones whi-
le exploring an unknown
area

We all know the importance of developing
efficient and effective solutions, that is so-
lutions that require low energy consumption
while ensuring a good quality of the propo-
sed results. Designing green solutions is be-
coming increasingly essential for managing
fleets of agents more effectively. By opti-
mizing their tasks, the operational time re-
quired can significantly be reduced, leading
to lower energy consumption and environ-
mental impact.

In REXASI-PRO we try to achieve the re-
duction of power consumption of the agen-
ts, developing algorithms to manage them
in an optimized way. These algorithms are
used in a central orchestrator that commu-
nicates with the agents of the system and
takes decisions based on the current sta-
te of the system. Coordinating agents al-
lows them to be directed more efficiently

Spindox Labs srl (SPXL, project coordina-
tor) is the research and development center
of Spindox SpA. Its mission is to support the
process of digital transformation of their cu-
stomers, by developing new technology and
providing consultancy in five strategic do-
mains: cloud computing, hybrid and native
mobile applications, artificial intelligence, big
data & analytics and internet of things.

towards their final objective.

Other aspects considered during the de-
sign and development of the algorithms
implemented into the orchestrator are the
use of open-source software and reuse of
well-known existing algorithms. The deve-
lopment of simplified algorithms, which le-
verage efficient, pre-tested subprocesses
or straightforward procedures with minimal
parameter settings, also contributes to the
goal of having green algorithms, intended
as easy to implement, parameterize and
use. Such approaches not only enhance
code efficiency but also ensure a more su-
stainable use of resources, aligning with the
principles of green computing. This dual
focus on optimization and simplicity ultima-
tely fosters a more eco-friendly technolo-
gical environment.

The orchestrator is used to manage dif-
ferent types of agents in different use ca-
ses. The exploration of an unknown indoor
area using a fleet of flying robots is one of
the problems addressed in REXASI-PRO.
A central orchestrator will manage a fleet
of flying robots in order to perform a good

-17 -



explorationinless time, while reducing ener-
gy consumption. In the use cases the flying
robots are provided by Hovering Solutions
and therefore the developed algorithms
are designed considering the technologi-
cal characteristics of these flying robots.
The orchestrator integrates the local infor-
mation of each flying robot to have global
information on which to make optimized
decisions. The goal is to reduce the overall
time of use of the fleet.

Autonomous exploration, using flyingrobots
to map unknown environments, is a funda-
mental problem which finds various applica-
tions as inspection of large indoor buildings
or pipe networks and search-and-rescue of
people in dangerous zone without harming
human operators. The result of the explora-
tionis a 2D map of the environment showing
free and occupied area, such as walls, furni-
ture and other static features.

-18-

The flying robots can localize themselves
in the environment and gather information
from their surroundings (SLAM, Simulta-
neous Localization and Mapping) using
on-board sensors. In this way, they can au-
tonomously explore the environment, that
is, they can move in the environment, find
free and occupied areas and avoid collisions
with mobile and fixed objects. Moreover,
each flying robot can autonomously com-
pute a path from its current position to a
target point in a known area. Therefore, sin-
ce the trajectory is computed by the flying
robot itself, control algorithms for trajectory
optimization are obviously computed by
the flying robot itself.

However, the flying robots do not communi-
cate with each other, therefore a central or-
chestrator is necessary to manage the fle-
et of individual agents in a centralized way.
Without centralized management, each
one would explore the area independently.
Although these multiple explorations could
be more effective, in the sense that we will
have multiple maps of the same area, redu-
cing the margin of error and the data noi-
se, this is obviously not efficient and can
also introduce collision problems between
agents. Therefore, a central orchestrator,
knowing the position of all the flying robots,
can efficiently coordinate their exploration
suggesting different areas to explore.

Another reason for using a centralized or-
chestrator is that the flying robots locate
themselves in the environment autono-
mously and each one is using its own refe-
rence system, since GPS is not available. So

even if they could communicate, everyone
would speak a different language, because
the reference systems are different. Even
the resulting map of the explored area is
partial for each flying robot, because each
one only knows a portion of space explored.
Therefore, the orchestrator is also useful for
merging all the maps coming from the indi-
vidual flying robots.

Since the communication between the
flying robots and the orchestrator is not so
fast, as required in real-time exploration,
the orchestrator will be used to manage the
exploration of the fleet and not the explora-
tion of each single agent. Therefore, the or-
chestrator will suggest relevant areas to be
explored, as rooms and corridors, and each
flying robot will autonomously explore the
assigned areaq, that is the whole room, and it
will call the orchestrator when the assigned
area has been explored.

The orchestrator builds the global map
iteratively using the maps provided by the
drones. Initially, the global map is created
using the map from the first drone that
contacts the orchestrator, which then be-
comes the reference drone. The whole spa-
ce exploration process starts when the or-
chestrator receives the first message. The
pipeline operates as follows: when the or-
chestrator receives a message from a dro-
ne, it first integrates the drone’s map with
the existing global map through a merging
process. After updating the global map, the
orchestrator identifies unexplored areas by
detecting frontiers—grid cells that separa-
te explored regions from unexplored ones.
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Once all frontiers are identified, the orchestrator assigns a frontier to the drone based on
several criteria, including the drone’s current position, the positions of other drones, and
their respective assignments. Finally, the orchestrator computes a path to guide the drone
to the assigned frontier, facilitating the continued exploration of the unknown environ-
ment. If no frontiers are detected, the exploration is deemed complete, and the orchestra-
tor sends a message to the drone indicating that the environment has been fully explored.

Tests have been conducted using the flying robots provided by Hovering Solutions in their
facility in Madrid, showing good performances in exploring a complex environment.

-20-




Robust Al Algorithms
ensuring Safe and
Reliable Autonomous
Navigation

DFKI
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Robust Al Algorithms ensu-
ring Safe and Reliable Au-
tonomous Navigation

For the Rexasi-Pro partner German Rese-
arch Center for Artificial Intelligence (DFKI)
the central task was to develop robust algo-
rithms for the autonomous and semi-auto-
nomous navigation of an electrically powe-
red wheelchair that had been equipped
with sensors and a computing unit as part
of the project (cf. Figure 1). The developed
algorithms essentially consist of three cen-
tral contributions: 1) the implementation of
the so-called 3D Safety Layer, a software
layer for safeguarding driving commands
that are either commanded by the human
user or by an algorithm; Il) the Deep Neural
Network-based Local Navigation Approach
(DNN-LNA), a neural network for obsta-
cle-avoiding driving control; and Ill) a finely
tuned NAV2 navigation stack that uses the
SMAC Planner 2D for global navigation and
the Model Predictive Path Integral Con-
troller (MPPI) for local movement control.
The NAV2-based navigation solution was
developed in this context to serve both as
a reference solution for DNN-LNA and as
an alternative solution in the case where the

The German Research Center for Artificial Intelli-
gence (DFKI) is Germany'’s leading Al research in-
stitute. At its Bremen lab, the team develops smart
wheelchair platforms, trains deep neural networks
for safe and socially aware navigation, and applies
formal methods to ensure compliance with the hi-
ghest safety standards.

DNN-LNA solution did not meet the desired
performance criteria. The latter case could
not be ruled out at the beginning of the
project since the training of neural networks
does not necessarily converge to a desired

solution.
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A 3D safety layer and deep
neural networks work together to
detect obstacles and guide the

wheelchair in real time.

3D Safety Layer

The basic idea behind the 3D safety layer
is to represent the space surrounding the
wheelchair using a stack of ground-parallel
local obstacle maps. These are continuo-
usly updated by laser scanners and depth
imaging cameras installed on the wheel-
chair. For each kinematically possible com-
bination of translational and rotational spe-
ed, the so-called safety zones (cf. Figure
2) are calculated before the first use of the
3D safety layer. These zones describe the
area the wheelchair will cover during the

next time steps on each of the stacked lo-
cal obstacle maps. During actual wheelchair
use, the group of safety zones matching the
pair of speed commands is selected from a
pre-calculated table and projected into the
current obstacle maps. Starting from the
current pose of the wheelchair, the system
then searches for the first overlap with an
obstacle pixel, i.e., a potential collision. Final-
ly, the position of the obstacle pixels relative
to the center line of each wheelchair shape
that makes up the safety zones determines
whether an emergency stop is initiated, or
an evasive maneuver is commanded.

Figure 1. The wheelchairs designed in the
project and operated using the methods
described here were equipped with dep-
th imaging cameras, laser scanners (at the
front and the back of wheelchair, not visi-
ble here), odometers, user interfaces, and a
computing unit.
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Deep Neural Network
based Local Navigation
Approach

Solutions to the problem of autonomous
navigation in the robotics field usually con-
sist of I) the topological planning layer, II)
the planning layer based on global Simul-
taneous Localization and Mapping (SLAM)
maps, and lll) the obstacle-avoiding mo-
tion controllers used. Within the Rexasi-Pro
project, levels Il) and Ill) were implemented
within the ROS2/NAV2 framework. The
main focus was on developing a motion
controller realizing level Ill), i.e., the deep
neural network-based local navigation ap-
proach (DNN-LNA). Based on the concept
of imitation learning, a real-world dataset
of approximately 30 hours in length was
first recorded, describing the navigation of
experienced wheelchair users in partially
crowded environments. This dataset was
then used to train the actual network, which
was based on architectural conceptssuch as
the MobileNet backbone, attention blocks,
positional encoding, and customized loss
functions, to name just a few. Much more
important for understanding the network
architecture developed here is probably the
fact that DNN-LNA is a regression network
that basically maps the current pose and
speed of the wheelchair, the current local
obstacle map, and the current local target
to a list of intermediate poses on the way to
the target. In order to improve the model'’s
performance, which was initially assessed as
rather mediocre, additional simulation-ba-
sed training data was added to the network
in collaboration with project partners SPIN-

DOX and SUPSI. Although it was shown that
this improved model performance in terms
of the loss function used, the quality achie-
ved so far is only suitable for realizing short
experimental driving distances on a real
wheelchair.

NAV2-based Navigation
Solution

The Model Predictive Path Integral Con-
troller (MPPI) is a highly configurable mo-
tion controller that represents the de facto
standard solution of the NAV2 robotics pla-
tform for various kinematic platforms. From
the perspective of the three-layer naviga-
tion solutions presented above, MPPI re-
presents the third layer. Based on the cur-
rently measured translational and rotational
speed of the wheelchair, a global path to be
executed, and the currently estimated pose
with respect to this path, MPPI explores an
adjustable set of potential trajectories up to
an adjustable time horizon. Each of these
trajectories obeys the configured kinematic
boundary conditions of the wheelchair and
allows for adjustable noise on these values.
The final selection of the trajectory to be
followed relies on a set of so-called critics.
Each of these finely tuned modules evalua-
tes a specific aspect of the proposed solu-
tions, such as obstacle avoidance, progress
along and orientation with respect to the
global path, or compliance with kinematic
constraints. This central component, MPPI,
is only one component in the NAV2-based
navigation solution we have assembled.
Other noteworthy software modules we
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use in this context are the SLAM solution Real-Time Appearance-Based Mapping (RTAB-
Map), the statistical self-localizer Adaptive Monte Carlo Localization (AMCL), and the
global planner Smac2D. After intensive tuning of the components mentioned here, we
were able to not only carry out test drives in busy indoor environments with a length in the
single-digit km range as part of the Rexasi-Pro project, but also the final project evaluation
in which, among other things, 16 test subjects were able to successfully use this navigation
solution in a populated indoor navigation scenario.

Figure 2: Precomputed safety zones for different combinations of translational and
rotational velocities speed up the process of finding potential collisions and evasive
movements.

-26-



Hovering Solutions, founded in Madrid in
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Hovering
Solutions:
Enabling Indoor
Autonom
through

Robots

Hovering Solutions
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Autonomous drones by
HSOL are redefining indo-
or navigation for assistive
robotics — enabling safe,
self-guided flight in human
environments as part of the
REXASI-PRQO project.

In the landscape of tru-
stworthy Al and mobility ro-
botics, UAVs from Hovering
Solutions (HSOL) are con-
tributing a crucial layer to
REXASI-PRO: autonomous
flying robots designed for
indoor navigation in support
of people with reduced mo-
bility.

Where ground-based pla-
tforms reach their limits due
to terrain, crowding, or ac-
cessibility constraints, indo-
or UAVs offer a complemen-
tary perspective, enabling
quick situational awareness,
cooperative navigation, and
autonomous inspection
in complex environments.

high-resolution 3D mapping and imaging to
help industries like mining, hydropower, wa-
ter utilities, and construction digitalize criti-
cal, hard-to-access infrastructure safely and

efficiently

HSOL's mission within the
project is clear: integrate
flying platforms that are ca-
pable of indoor operation,
spatial mapping, and real-ti-
me decision-making in close
proximity to humans.

From Concept to
Corridor:

Real-World
Validations

As part of the project’s va-
lidation phase, HSOL suc-
cessfully completed a series
of flight tests in an indoor
environment in ltaly. The
team demonstrated robust
autonomous navigation un-
der real-world constraints.

The drones flew through
narrow corridors and ro-
oms without external infra-
structure, relying entirely
on their onboard systems,
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Figure THSOL's drone enters
a meeting room during live
autonomous flight — highli-
ghting precision in confined,
active spaces.

including SLAM, inertial
sensing, and embedded
computing. These tests not
only validated the system'’s
robustness, but also its safe
operation in human-inhabi-
ted areas.



As shown in Figure 1, one of
the aerial platforms succes-
sfully entered a populated
workspace, demonstrating
its ability to operate pre-
cisely and unobtrusively in
confined environments.

HSOL'’s Core Te-
chnical Contribu-
tions

HSOL's role within REXA-
SI-PRO  extends across
hardware development, au-
tonomous navigation, and
real-time spatial awareness.
The aerial platforms are bu-
ilt with integrated sensing
and onboard computing,
enabling them to operate
safely and efficiently in in-
door spaces that lack GPS
access and are often clutte-
red or occupied by people.

The system achieves full in-
door autonomy, managing
flight control and navigation
without relying on any exter-
nal infrastructure. It perfor-
ms simultaneous localization
and mapping (SLAM) in real
time, allowing the drones to
explore and build accura-
te representations of unk-

nown environments as they
fly. Navigation is enhanced
by dynamic path planning
capabilities, which help the
drones adapt to changing
layouts and avoid obstacles,
even in narrow corridors or
through tight doorways.

Safety is built into the har-
dware itself. Each unit is
designed specifically for
indoor environments, with
features such as propeller
shielding and system redun-
dancy to reduce risk when
operating in close proximity
to people and structures.
Because the platform re-
quires no external markers
or prior mapping, it can be
rapidly deployed in new
and unmapped buildings —
making it ideal for dynamic
missions where speed and
adaptability are critical.

Data-Driven Au-
tonomy and Fu-
ture Integration

HSOL drones don't just fly,
they generate rich, actio-
nable data essential for au-
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Figure 2 Autonomous indo-
or flight through a corridor
during testing. The drone
adapts to tight spaces using
onboard SLAM and visual
cues.

tonomy and integration.
During each mission, the
system produces locali-
zed 2D and 3D maps that
allow the drone to under-
stand and reconstruct its
surrounding environment in
real time. In addition, it logs
flight trajectories and paths
taken throughout the bu-
ilding, which are crucial for
post-mission analysis and
optimization. Sensor-based
readings further enhance
environmental awareness,
enabling the platform to

Figure 3 Path planning using the map generated by the drone in the CNR. In green, the
safe route to reach a commanded point.

make intelligent decisions
during dynamic navigation
tasks.

These continuous data
streams support the UAV's
onboard autonomy whi-
le also contributing to the
broader multi-agent or-
chestration layer develo-
ped within REXASI-PRO.
Although the coordination

and planning logic for “gre-
ener Al" is led by other par-
tners, HSOL's high-quality
mapping and localization
data form a foundational
element for those collabo-
rative decisions.

Further data processing is
currently underway. This
includes visualizations of
the generated maps and

the extraction of key fli-
ght behaviour patterns as
shown in figure 4, which
will be featured in upco-
ming demonstrations and
publications as part of the
project’s dissemination
strategy.

 f— F]
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Figure 4 Map of the CNR generated by fusing the wheelchair’s and the drone’s maps
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Impact: From Prototypes to Applications

Autonomous indoor UAVs have significant potential for practical applications, especially
in environments that are dynamic, human-centered, or difficult to access by conventional
robots. Their ability to operate safely and intelligently in indoor spaces opens doors to use
cases such as emergency response, hospital logistics, and elderly care. In these contexts,
timely information, fast mobility, and adaptable autonomy can make a measurable diffe-
rence in safety and service quality.

With the initial validation flights completed and data analysis underway, HSOL is now fo-
cusing on refining its platform to address the next phases of development. These include
improving interoperability with other robotic agents, scaling the solution to larger environ-
ments, and integrating seamlessly into coordinated multi-agent missions — all key objecti-
ves as the project moves forward.

As REXASI-PRO continues to evolve, HSOL remains committed to advancing trustwor-
thy Al through aerial autonomy — not just as a technical achievement, but as a meaningful
contributor to smarter, more inclusive environments.




A participatory approach
to defining the ethics

requirements of
REXASI-PRO

FEuropean project.

Scuola di Robotica
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REXASI-PRO has adopted a participatory
and inclusive approach to define the ethics
requirements, engaging partners and sta-
keholders in a co-creation process to ensure
alignment with ALTAl recommendations and
societal values.

Ethics-by-Design solutions

The Horizon Europe REXASI-PRO project
has based its design and development on
the methodology called Ethics by Design
that refers to the systematic integration of
ethical principles from the very early stages
of technological design and development
(European Commission document, 2021).
It implies embodying ethical requirements
into each phase of the development pro-
cess allowing that ethical issues arising in iti-
nere are addressed as early as possible and
followed up closely during research activi-
ties Operto, 2011). The aim of REXASI-PRO
Ethics by Design methodology is to make
all partners aware of the potential ethical
concerns in every phase of their develop-
ment of the system. This approach, tailored

lopment of robotics and new technologies.

to the objectives of the research proposed,
takes into consideration that, for instance,
ethics risks can be different during the re-
search phase from that of the deployment
or implementation phase (Veruggio et al,
2016).

Following an initial analysis of ethical chal-
lenges - which could have been necessarily
partial and in progress — and an in-depth
assessment by School of Robotics (Report
on Ethical, Legal and Societal Requiremen-
ts for the Design and Development of the
REXASI System), at the end of the first year
of the project, partners were invited to:

participate in a Survey to assess the
consortium level of knowledge, aware-
ness, and attention with respect to ESL
(Ethical, Legal and Social) Issues and
ALTAI recommendations;

to adapt the ethical requirements iden-
tified in the project’s DoA to the deve-
lopments achieved during the first year.

identify the main challenges the project
is going to encounter applying the EC
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guidelines for Ethical requirements to
the system design.

ALTAI recommendations
and REXASI-PRO Ethical
Self-Assessment

This process of aligning the project phases
with the final ethical requirements is sug-
gested by ALTAI, (Assessment List for Tru-
stworthy Artificial Intelligence, 2020), a tool
developed by EU expert group’s Al HLEG
set up by the European Commission to help
organizations and developers implement
and assess Trustworthy Al, in line with the
seven key requirements identified by in the
EU expert group report, that are:

+ Human agency and oversight — meanin-
gful human involvement and oversight,

+ Technical robustness and safety - resi-
lience, reliability, and safety,

+ Privacy and data governance - respect
for privacy and sound data manage-
ment,

+ Transparency - traceability, explainabili-
ty, and clear communication,

+ Diversity, non-discrimination and fair-
ness - inclusiveness and fairness,

+ Societal and environmental well-being -
positive impact on society and the envi-
ronment.

+ Accountability - responsibility and audi-
tability.

Applied in REXASI-PRO, these principles
have been developed in accordance with
the project’s objectives:

+ respect for human agency (autonomy,

dignity and freedom);

+ privacy, personal data protection and
data governance;

fairness (Avoidance of algorithmic bias:
+ Universal accessibility; Fairimpacts)

« individual, social, and environmental we-
lI-being;

transparency;,
+ accountability and oversight.

The analysis of the partners’ comments and
responses to the Ethical Survey were incor-
porated into an Ethical Self-Assessment
approved by the consortium, in which the
main ethical issues and the adopted solu-
tions were identified.

Ethical solutions

Requirements of safety, security, and
explainability are entangled with ethical re-
quirements because the fundamental ethi-
cal principle is to ensure the safety, secu-
rity, well-being, and comfort of the users.
The project is developing a novel trustwor-
thy-by-construction solutions for social
navigations and a methodology to certify
the robustness of Al-based autonomous
vehicles for people with reduced mobility
(Narteni, et al, 2022). The social naviga-
tion algorithms are exploiting mathemati-
cal models of social robots (in the project,
the robotics wheelchair) that are trained by
using both implicit and explicit coommunica-
tion. REXASI-PRO methodology augmen-
ts existing system-level and item-level en-
gineering frameworks by leveraging novel

-36-

eXplainability methods to improve the en-
tire system’s robustness.

In operating a multi robot system for Assi-
stive robotics like REXASI-PRO, the ethical
requirements are related to the need of the
assisted a person with reduced mobility and
operating in an unstructured environment
inhabited by humans who are not necessa-
rily aware of the action of the robotics sy-
stem.

The methodology will be used to certify
the robustness of both autonomous whe-
elchairs and flying robots. The flying robots
are equipped with unbiased machine le-
arning solutions for people detection that
will be reliable also in an emergency. Thus,
REXASI-PRO is making the Al solutions

greener. The REXASI-PRO framework will
be demonstrated by enabling the collabo-

ration among autonomous wheelchairs and
flying robots to help people with reduced
mobility.

To adopt this technology in real-life scena-
rios, new trustable social navigation appro-
aches are required. Among the challenges,
the wheelchair adapts to the dynamics of
the environment (avoid collisions, avoid
unexpected displacements), maximizes
driver well-being, guarantees indoor locali-
zation and target identification.

We have considered some challenging en-
vironmental characteristics for such a sy-
stem. If we consider, for example, that the
system is to operate in a hospital and is to
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autonomously transport the user through several floors and various corridors, a control
center (orchestrator) supervises the path and can alert some control points located along
the way. If we design that the system must operate outdoors where video cameras cannot
be placed, or where their reliability is uncertain, the use of the drone could be necessary.

Having analyzed how ethical principles should be integrated into the project, itisimportant
that the design and development applied the best engineering solutions to ensure the

most effective functioning of the system In compliance with the ethical requirements.
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Navigation

Navigation is a fundamental skill for humans,
animals, and mobile robots. The word ori-
ginates from the Latin name for ship, mea-
ning “the ability to drive a ship”; however, it
refers to the more generic ability of moving
towards a target. A look at ship navigation
helps us to understand the concept better.
Ship navigation is a collaborative effort: the
navigator plans a path to the destination, the
helmsman steers to stay on track, avoiding
hitting any object, while sailors manage how
the ship is propelled. Similarly, a robot uses
different controllers to plan a route, follow
it while avoiding obstacles, and control the
speed of motors. Moreover, like the helm-
sman takes account of the currents and the
winds, a robot needs to consider the envi-
ronmental conditions. In summary, robotics
navigation refers to the ability of following a
direction while avoiding obstacles; which ob-
stacles, and how to avoid them, depends on
the context.

Smart wheelchairs

In the context of REXASI-PRO, the focus
shifts from ships to smart motorized wheel-

The University of Applied Sciences and Arts
of Southern Switzerland (SUPSI) contribu-
tes expertise in Artificial Intelligence through
research performed at the Dalle Molle Insti-
tute for Artificial Intelligence (IDSIA)

chairs that navigate autonomously in spaces
shared with people. How should smart whe-
elchairs navigate? For starters, they should
be safe: no collisions or capsizing should
occur, and movements should be gentle to
minimize discomfort. At the same time, they
should reach their target without excessive
maneuvering, which costs time, energy, and
patience. Additionally, moving among peo-
ple presents challenges such as respecting
personal spaces and other unwritten social
norms: for example, passing too close to
people may inadvertently create embarras-
sment.

Playground

Our goal is to equip smart wheelchairs with
the best navigation algorithms. As a first
step, this requires a precise definition of a
navigation algorithm and a way to compare
different navigation algorithms. For this, we
developed Navground, which stands for na-
vigation playground. Navground defines the
minimal software interface that navigation al-
gorithms should satisfy and enables running
experiments to assess their performance.
Defining these interfaces required an act of
balance, because simpler, more abstract in-
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terfaces describe a broader set of problems
but diminish their practical utility. We resolved
this dilemma pragmatically by distilling a mi-
nimal interface from a collection of concrete
navigation algorithms, and subsequently ve-
rifying its suitability for implementing novel
algorithms.

Modular and
extensible

Like kids bringing their own toys and tools
when playing in a sandbox, the navigation
playground provides some navigation al-

gorithms while simultaneously encouraging

users to contribute their own algorithms. The
playground isindeed modular and extensible:
it defines the shape of playing blocks (what
navigation behaviors are, what kinematics
are, and so on), it implements some blocks
(e.g., several model-based navigation beha-
viors from the robotics literature), and lets
users add more blocks (e.g., novel naviga-
tion behaviors) using C++ or Python as they
prefer. Python allows rapidly prototyping al-
gorithms that can then be ported to C++ to
increase computational efficiency.

Simulation

Simulation plays a pivotal role in testing ro-
botics algorithms. It enables us to validate
that an algorithm is safe by simulating ex-
tensive hours of agents navigating under
the modeled environmental conditions, en-
suring that no collisions occur. Furthermo-
re, it facilitates the selection of the most
effective algorithms by running the same
scenarios for each algorithm and comparing
performance metrics. Additionally, it simpli-
fies the tuning of algorithm parameters by
simulating any combination of parameters.
Our navigation playground fulfills the es-
sential requirements for such assessments.
Computational costs are low: forinstance, the
simulation of model-based navigation beha-
viors implemented in C++ requires only a few
micro-seconds per agent per update cycle,
which results in simulating one hour of navi-
gation within a few seconds. Experiments are
reproducible: executing multiple instances of
an experiment with the same configuration
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yields identical outcomes. Lastly, the confi-
guration of an experiment is user-friendly:
whether via Python, C++, or YAML, users can
set up complex experiments, incorporating
random variability if desired, in a few lines of
code.

Simulation at work

Building upon Navground, we explored diffe-
rent directions to enhance the navigation of
smart wheelchairs in simulation. For instance,
we devised strategies to mitigate traffic con-
gestion caused by narrow passages, where
only a single individual or wheelchair can pass
at a time, like when passing through doors.
We also integrated a wheelchair-specific
path planner that computes trajectories with
reduced curvature to maximize user comfort.
Furthermore, we evaluated the performan-
ce of bio-inspired model-based navigation
algorithms to simulate people but also to
control wheelchairs moving among people.
Additionally, to replicate the wheelchair de-
veloped by DFKI, we generated realistic per-
ception.

Machine-learning for
navigation

Machine-learning (ML) has three primary
applications in robotics navigation: percep-
tion models (models that extract an envi-
ronment description, like the position of
obstacles, from raw sensor readings), po-
licies (navigation algorithms that generate

actions from observations), and assessment
models (models that extract a robust and/
or interpretable assessment from a large ar-
ray of simulations). In REXASI-PRO, all three
applications play an important role: we built
ML-based pipelines for people detection,
we trained several navigation policies, and
we developed and applied XAl methods for
navigation. Navigation policies are particular-
ly noteworthy in REXASI-PRO, as they offer
an alternative to model-based navigation
algorithms that may increase performance
but reduce transparency. To study them in si-
mulation, we developed a machine-learning
extension of Navground where users can
train and deploy navigation policies. This al-
lows for the creation of mixed groups where
some agents adhere to the ML policy while
others employ model-based behaviors. For
instance, we conducted experiments where
smart wheelchairs learn to move among pe-
destrians whose navigation was governed by
rules derived from the social science literatu-
re.

Implicit and explicit com-
munication

Proxemics, a form of implicit communica-
tion, governs human perception and use of
space. For instance, standing in front of a
doorstep implicitly communicates our inten-
tion to enter. Similarly, advancing towards
someone indicates our intention to interact.
This form of communication is crucial for
coordinating among individuals, in particu-
lar during navigation. Therefore, it should
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be considered when developing na-
vigation algorithms for smart wheel-
chairs that promote local coordination,
such as the formation of lanes of flow.
In situations with limited free space and
increased probability of conflicts, pe-
ople resort to more explicit rules and
forms of communication. For instance,
they may nod or wave to signal pre-
cedence, similarly to how drivers use
turning lights. In REXASI-PRO, we ad-
dressed this challenge in two ways. We
trained machine-learning models that
simultaneously learn to communicate
and to communicate with neighbors.
Additionally, we designed model-based
communication strategies that make
the smart wheelchair's intents more
explicit, such as projecting the desired
direction or trajectory on the floor.

Testing with humans-
in-the-loop

Following the evaluation of navigation
algorithms in simulation, it is crucial to
validate their performancein areal-wor-
Id setting. In fact, simulating human
behavior may introduce inconsisten-
cies as behavioral models are inherent-
ly incomplete, failing to encompass all
potential navigation or interaction sce-
narios. To address this, we developed
tools that connect a realistic robotics si-
mulation, backed by Navground, to Vir-
tual Reality visors, which enable users
to immerse themselves within a virtual

Simulation of a navigation scenario with two virtual smart wheelchairs, two virtual pe-
destrians, and the blue avatars of two users wearing a Virtual Reality visor.

environment populated with navigating agents. This approach allows us to equip virtual
smart wheelchairs with diverse navigation algorithms and assess their behavior in the
presence of real individuals who are free to move independently. Additionally, the setup
enables us to assess how people perceive the robots’ behavior and the effectiveness
of explicit communication and coordination strategies.

Open source

We released Navground and its extensions as open source contributions (https.//qi-
thub.com/idsia-robotics/navground). They are distributed on PyPl and supported by a
comprehensive documentation, including numerous reproducible tutorials. While they
were developed to meet REXASI-PRO requirements, we think that they will facilitate
the development and benchmarking of generic robotics navigation.
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Simulation of a navigation scenario that test the crossings of simulated smart wheelchairs
with simulated and real (blue avatars with VR visor) pedestrians.
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Model compression
for Green Al
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SIEMENS

Green Al: a new frontier

In an era where artificial intelligence is rapidly
reshaping industries and societies, a critical
new frontier is emerging: Green Al.

This movement addresses the growing
concern over the substantial environmen-
tal footprint of developing and deploying Al
models. As Al systems become increasin-
gly complex and powerful, their demand for
computational resources—and consequent-
ly, energy—has surged, leading to signifi-
cant carbon emissions. Green Al, therefore,
represents a fundamental shift towards de-
veloping more sustainable and energy-effi-
cient artificial intelligence. It focuses on cre-
ating models and systems that are not only
powerful and accurate but also mindful of
their ecological cost, championing efficiency
in computation, data usage, and hardware to
ensure that the progress driven by Al does
not come at the expense of our planet.

Inthe World of Artificial Intelligence, anetwork
can become more efficient by compressing
it. The compression process involves making
a trade-off between performance and effi-
ciency.

Siemens (SIE) is a global leader in healthca-
re, electrical, and electronic industries, pro-
viding advanced infrastructure and sustai-
nable green technologies. Siemens Advanta
develops hardware and software systems,
as well as ICT solutions and services, dri-
ving innovation within Siemens. With broad
expertise in software development, it ope-
rates across multiple sectors, including he-
althcare, energy, mobility, and industrial ma-
nufacturing.

The 3 main reasons of why efficiency is im-
portant for every type of artificial intelligence
model are:

« Costs: The economic benefits of Al effi-
ciency are a powerful driver of techno-
logical adoption worldwide. For busines-
ses, running compressed and efficient
models significantly cuts costs by redu-
cing expenses for cloud computing and
enabling the use of cheaper, less power-
ful hardware in manufactured goods.
This dual reduction in operational and
production costs has a direct, positive
impact on the end-user. These savings
translate into more affordable retail pri-
ces for smart devices and lower subs-
cription fees for Al-powered services.
Ultimately, Al efficiency accelerates the
democratization of technology, making
advanced capabilities more financially
accessible to a global consumer base.

« Environment and Pollution: As artificial
intelligence becomes globally essential
in 2025, its environmental impact is a cri-
tical concern. Inefficient Al models drive
this problem by consuming vast amoun-
ts of electricity for processing, much of
it from a global grid still reliant on fossil
fuels. However, the environmental costs
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are also indirect, including the immense
energy required to cool the data centers
that house the hardware, and the “embo-
died carbon” from the resource-intensi-
ve manufacturing of powerful computer
chips. Al efficiency directly tackles these
issues. By requiring less computational
power, efficient models reduce direct
energy use, lessen the need for cooling,
and can run on simpler, less environmen-
tally costly hardware. Therefore, develo-
ping efficient Alis a core part of the Green
Al movement and a global responsibility
for sustainable technological progress.

User Experience: The impact of a more
efficient network on the user experien-
ce is profound, extending far beyond a
simple increase in speed to fundamen-
tally shape how a user perceives and in-
teracts with a product. In the world of
human-computer interaction, respon-
siveness is paramount, and the primary
enemy is latency—the perceptible delay

between a user’s action and the system’s
response. An inefficient, computationally
heavy Al model introduces significant la-
tency, which manifests as frustrating lag,
making an application feel clunky, unintui-
tive, and unreliable. For instance, consider
the real-time portrait mode effect in a
smartphone camera; an efficient network
allows the background blur to be applied
instantaneously and seamlessly in the
viewfinder, creating a magical “what you
see is what you get” experience. A less
efficient model would result in a choppy,
delayed preview that breaks the user’s
creative flow.

Knowledge Distillation:
A Core Strategy

A pivotal strategy within the Green Al mo-
vement is the application of knowledge di-
stillation, a technique that directly addresses
the environmental impact across the entire
lifecycle of an Al model. This process invol-
ves training a large, computationally expensi-
ve “teacher” model to achieve high accuracy,
and then transferring its learned intelligence
to a much smaller, more efficient “student”
model. Comparing it with other compres-
sion techniques knowledge distillation is not
subtractive, it does not involve taking parts
away from a network like pruning and quanti-
zation. Itis also important to note that this te-
chnique can transfer, so called: “dark know-
ledge”, meaning that it replicates the entire
thought process of the teacher, in a richer,
more detailed manner. Also, the student is
not architecturally constrained by the tea-
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The environmental benefits are comprehensive: while
the initial training of the teacher model is energy-inten-
sive, the resulting lightweight student model drastically
cuts down on the energy consumed during the infe-
rence phase, which is where a deployed model spends
most of its operational life. This efficiency cascade me-
ans lower electricity bills for data centers, a reduced
need for powerful, resource-intensive hardware (the-
reby lessening the environmental cost of manufactu-
ring and e-waste), and a significantly smaller carbon fo-
otprint for large-scale because of energy consumption,
real-world applications that may handle billions of daily
requests.

For the REXASI-PRO project, 3 different students were
created, more of which are improving the operational
cost of the model quite significantly. The teacher mo-
del is generically named “Teacher”, and the students
are named “Student”, “Tiny-Student”, “Micro-Student”.

The architecture of all students and teacher was se-
lected as the DR-SPAAM network, where for the te-
acher model we use the identical network and for the
“Student” we used half of the original architecture fea-
tures, for the "Tiny-Student” we used a quarter of the
original architecture features and for the “Micro-Stu-
dent” we used one eight of the features.

The models were created using knowledge distillation
techniques. We have experimented with 5 different
methods, out of which one method was proven to per-
form better. The method is named “Knowledge Re-
view” and implements the idea of training a given level
of student network by using information from multiple
layers of the teacher network. Knowledge review uses
residual learning to distill the knowledge. This appro-
ach is in contrast with traditional knowledge distillation
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methods where the information is distilled
on corresponding levels. In specialized lite-
rature, an analogy to the human learning was
done, where reviewing previously learned
material is crucial for deeper understanding.
Furthermore, attention-based fusion is used
for the student network to focus on the most
relevant information from the teacher and it
is used with a hierarchical context loss desi-
gned to capture and transfer contextual in-
formation at different levels.

Results and
Impact

Additional changes were conducted to the
method where for the distillation a dynami-
cally weighted mean squared error loss was
used. This loss penalizes the student even
more on cases that are not considered lear-
ned.

To evaluate the results, the same evaluation
was used as the original DR-SPAAM network.
The metrics used were AP (average preci-
sion), Fl-score and EER (equal error rate).
The results were highly satisfactory becau-
se it is quite rare that a student network im-
proves the performance of its teacher. This
was achieved by “Student” network which
has double the efficiency of the Teacher’s
operational cost and had improved the per-
formance. The “Tiny-Student” has about the
same performance and four times better
efficiency, whereas the “Micro Student” sa-
crifices some of the performance but has 8
times better efficiency than the “Teacher”.
The results are a big improvement in speed
and computational cost. This aligns with one
of aspects of the Green Al movement that
implies Al to be more sustainable.

Gk Student £
Network
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How Topology
Aids in Unders-
tanding Social
Navigation and
Optimizing Data
Selection for Al
Model Training

Safe navigation for smart
wheelchairs is a critical chal-
lenge in an era where mobi-
lity assistance aims to be in-
creasingly autonomous and
reliable. In this context, topo-
logy [2,3], a fascinating bran-
ch of mathematics, emerges
as a powerful tool to address
two fundamental aspects of
this goal: 1) optimizing data
selection for artificial intel-
ligence (Al) model training
and 2) analyzing the naviga-
tion behaviors of agent fle-
ets. Using topological data
analysis tools like persistent
homology [3] and persistent
entropy in the context of
fleet behavior modeling is

The University of Seville (USE) is a public insti-
tution whose mission is to foster learning and
to conduct, promote, disseminate, transfer,
and enhance research activities across the
main fields of knowledge and their applications
for scientific, technological, economic, and so-
cial development.



to achieve a more nuanced understanding
of system dynamics. These tools enable
the characterization of distinct patterns and
structures in the movement behaviors of dif-
ferent entities within the environment (e.g.,
pedestrians, wheelchairs).

Topology in the Service of
Green Al and Data Selec-
tion

In the field of Artificial Intelligence (Al), the-
re's a growing concern about the environ-

mental impact of Deep Learning (DL) mo-
dels, which often demand vast volumes of

data and computational resources for their

development. This trend, known as Red Al,
contrasts with the Green Al [9] approach,
which seeks to balance model performance
with energy efficiency and sustainability. The
work of USE aligns with this latter objective
by exploring how topology can support data
reduction without compromising model qua-

lity.

Historically, Al research has focused on im-
proving performance at any cost, leading to
substantial resource consumption. However,
increasing awareness of Al’s carbon footprint
has led to a search for more efficient alterna-
tives. One way to make Al more sustainable
is to train models using only a fraction of the
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data, commonly known as data reduction
methods [7], while still maintaining high ac-
curacy. If the selected data are representa-
tive, the training can be significantly faster,
cheaper, and greener, yet equally effective.

In this context, USE has proposed a topologi-
cal metric called epsilon-representativeness
[8] to compare different training datasets.
This measure provides a quantifiable way to
assess the “similarity” between an original
dataset and a reduced one. Intuitively, if we
think of a dataset as a cloud of points in spa-
ce, topology allows us to analyze its under-
lying “shape” or structure. Epsilon-represen-
tativeness indicates whether, after removing
some points, the overall topological structu-
re remains intact. The lower this value, the
more representative the reduced dataset is
of the original, implying that training a model
on such a reduced dataset could yield similar
performance to one trained on the full data-
set, and better performance than one trai-
ned on a less representative reduction.

Moreover, as part of the REXASI-PRO
project, the University of Seville has re-
viewed several data reduction technigues,
comparing their effectiveness across diffe-
rent tasks, including classification on tabular
datasets and image detection tasks aimed at
identifying people and individuals in wheel-
chairs. These efforts are closely aligned with
the project’s broader goal of promoting su-
stainability in the use of Artificial Intelligence.
The work is explored in greater detail in the
publication “An in-depth analysis of data re-
duction methods for sustainable deep lear-

ning” [1].

Distinguishing Navigation
Behaviors and Detecting
Safe Simulations with To-
pological Methods

Beyond data selection, topology also played
a key role in analyzing and enhancing the
behavior of agent fleets, particularly in the
context of safe navigation for smart wheel-
chairs. USE’s objective was to make these
models more reliable, ensuring simulations
that were both safe (i.e., free from collisions)
and efficient (i.e., without deadlocks or con-
gestion).

To this end, USE proposed the use of topo-
logical data analysis (TDA) techniques such
as persistent homology [3] and persistent
entropy [4]. These methods leveraged the
geometric and topological structures inhe-
rent in the data, allowing the capture of hi-
gh-level spatial and relational patterns in
agent behavior and configurations. Unlike
traditional approaches, which often rely on
handcrafted features or strong statistical as-
sumptions, TDA offered an interpretable and
robust framework capable of revealing qua-
litative differences in agent dynamics. The
primary goal of applying persistent homolo-
gy and persistent entropy in this context was
to better understand the dynamics of fleet
behavior. These tools helped to distinguish
and quantify patterns in how entities moved
and interacted in shared environments. By
identifying such patterns, it became possible
to predict potential conflicts, optimize whe-
elchair routing, and ultimately improve both
safety and efficiency in navigation strategies.
In parallel, USE also explored graph-based
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modulation techniques to identify narrow areas where congestion was likely to occur, hel-
ping to prevent crowding, collisions, or blockages among agents [5]. Additionally, topologi-
cal descriptors such as persistent entropy were used to define interpretable “safety regions”
within the environment, regions that could classify simulations as safe or unsafe, efficient
or inefficient [6]. Matching diagrams and persistent homology were also employed to track
the evolution of agent behaviors over time, enabling the identification of diverse navigation
strategies across simulations.

All these tools contributed to the development of autonomous systems that were safer,
more efficient, and more explainable, highlighting the added value that topology brought to
the analysis of collective behavior in complex environments. This part of the work was explo-
red in greater detail in the publication “Topology-based analysis and optimization for agent

fleet behavior” [10].
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Cybersecurity and
Compliance:

A Smarter Way
Forward

V-Research
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V-Research’s contribution
to the REXASI-PRO project

In an age where cybersecurity threats evolve
faster than regulations can respond, busines-
ses find themselves under increasing pressu-
re to demonstrate compliance with a growing
number of frameworks. This scenario pre-
sents not only a technical challenge but also
a managerial one, involving high volumes of
documentation, fragmented processes, and
complex interdepartmental coordination.

Within the REXASI-PRO project, V-Resear-
ch has addressed this issue head-on by de-
veloping Alpha, an innovative SaaS platform
designed to support organizations in mana-
ging cybersecurity posture and regulatory
compliance. Born from the intersection of
risk assessment, automation, and governan-
ce technologies, Alpha simplifies the journey
toward compliance, while also enhancing an
organization’s ability to detect, assess, and
mitigate cybersecurity threats.

Founded in Italy in 2020, V-Research is a
private R&D lab focused on cybersecurity
for complex IT/OT systems. It provides ri-
sk-driven analysis, gap identification, and
remediation plans. Within REXASI-PRQ,
V-Research contributes to advancing its cy-
bersecurity risk assessment tool-chain from
TRL 3to TRL 5-7.

Why a Smart Compliance
Framework Matters

Regulatory compliance has traditionally been
associated with laborious documentation
tasks, audits, and checklists. For cybersecu-
rity in particular, it means aligning with stan-
dards such as ISO/IEC 27001, ISA/IEC 62443
NIST Cybersecurity Framework, or the more
recent EU NIS2 Directive and Al Act. But or-
ganizations today face three key challenges:

« Overload of documentation - critical
compliance data is dispersed and uns-
tructured.

+ Fragmented processes - security and
compliance processes often lack inte-
gration across departments and sys-
tems.

+ High operational costs - maintaining
compliance the traditional way drains
time and resources.

Alpha was conceived to tackle these pain
pointsin a unified and scalable way, becoming
the digital backbone for compliance mana-
gement in the context of REXASI-PRO’s cy-
bersecurity-focused mission.
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From Framework to
Function: What Alpha
Does

Alpha is a centralized, cloud-based platform
that allows organizations to orchestrate all
compliance and cybersecurity processes in
one place. Its architecture is designed for
flexibility and scalability - key for supporting
both SMEs and large enterprises. Some of its
core functionalities include:

+ Multi-client management: Ideal for
consultancies or large institutions, Al-
pha allows clustering and segmentation

of clients or departments, with tailored
configurations.

* Integrated standards support: Alpha
enables users to carry out assessments
based on major cybersecurity standards
like I1SO/IEC 27001, ISA/IEC 624434,
NIST, NIS2, and Al Act. These are broken
down into structured requirements, en-
suring precise and traceable evaluations.

« Posture visualization: Dashboards provi-
de a real-time overview of cybersecurity
posture, mapped against control require-
ments and associated documentation.

+ Risk and gap assessments: For each
control, Alpha supports both qualitative
and quantitative risk analysis - estimating
impact and likelihood while identifying
critical vulnerabilities.

«  BPMN-based process modeling: Busi-
ness processes and mitigation strategies
can be visualized, tracked, and refined
using BPMN (Business Process Model
and Notation), a widely accepted stan-
dard.

* Role-based responsibility mapping:
Through integrated RACI matrices, re-
sponsibilities across teams and depart-
ments are clearly assigned and tracked.

Usability Meets Rigor

One of the main strengths of Alpha lies in its
structured but user-friendly approach. While
cybersecurity and compliance are domains
known for technical complexity, Alpha pro-
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vides a streamlined user experience that fa-
vors collaboration between security profes-
sionals, auditors, managers, and compliance
officers. Key features such as:

Mitigation task management
+  Document-to-control linking
Comment and approval workflows

ensure that communication is traceable and
decisions are documented in a transparent
manner. This is especially valuable in audit
contexts or when preparing for certifications.
Furthermore, Alpha's support for iterative risk
evaluation (including residual risk tracking)
ensures that cybersecurity becomes an on-
going and dynamic process - not a one-off
compliance event.

A Strategic Fit for
REXASI-PRO

REXASI-PRO’s mission to build ethical,
explainable, and predictive tools for mana-
ging prediabetes involves handling sensitive
health data and advanced machine learning
models. In this complex ecosystem, the cy-
bersecurity and compliance layer is funda-
mental. Alpha contributes by:

Providing a structured environment for
documenting compliance with NIS 2, Al
Act, and health-related cybersecurity
standards.

Offering a scalable tool that supports
project partners (from clinics to tech
developers) in managing their internal

and shared risk assessments.

+ Facilitating secure and auditable docu-
mentation workflows required by ethics
committees, regulatory bodies, and
medical data governance authorities.

V-Research’s role was not limited to engine-
ering a SaaS tool: it was about designing a
framework for digital trust, tailored for mul-
tidisciplinary and multi-partner settings like
REXASI-PRO.

Looking Ahead: Toward
Standardization and Certi-
fication

As the European Union moves forward with
tighter digital regulations (including NIS2 and
the EU Al Act), solutions like Alpha are no lon-
ger a luxury - they are becoming a require-
ment. Alpha’s structured approach positions
it as a candidate to support future certifica-
tion processes, enabling organizations to not
only comply but demonstrate compliance in
a measurable, auditable, and cost-efficient
way.

Its modularity also paves the way for integra-
ting further verticals; including Al-specific
compliance modules, medical device cy-
bersecurity frameworks, or sector-speci-
fic checklists.
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Conclusion

In the ever-evolving landscape of cybersecurity and digital compliance, Alpha represents a
concrete step forward. Developed by V-Research within REXASI-PRO, it brings together au-
tomation, structure, and strategic visibility; transforming compliance from a burden into a bu-
siness enabler and building a resilient digital infrastructure, aligned with the highest standards
of security, governance, and trust.




ALPHA Consult is a European consultancy delivering
m AI Dha CO [1SU |t tailor-made solutions supported by senior staff with

significant strategic development, market assessment

Exploiting the Results of

REXASI-PRO Project:
From Research to
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The project

REXASI-PRO is an European
Horizon initiative focused on
developing a novel enginee-
ring framework for safe, green,
reliable, and trustworthy artifi-
cial intelligence (Al) solutions,
with a specific focus on the use
of autonomous vehicle to assi-
sts people with reduced mobili-
ty. The project aims to create an
Al-based system that enables
the collaboration between auto-
nomous wheelchairs and flying
robots (drones) in order to pro-
vide seamless assistance to pe-
ople with disabilities. From a te-
chnical point of view, the project
will combine Al, video analytics,
and real-time 3D maps that will
support the drones to better
understand the surrounding en-
vironment and detect potential
unsafe scenarios. The combina-
tion of these technologies in a
single architecture, will allow the
system to increase its capability
to decide in unknown situations
with a fast reaction time. The use

and business modelling experience.

of an integrated approach involving different
agents (e.g., cameras, flying robots, autono-
mous wheelchairs) will allow drones to explore
the environment autonomously, thanks to the
ability of the system to define “safety trajec-
tory” in complex environments. In this sense,
the characteristic of the system to continuo-
us monitor the environment and update the
trajectories with real-time feedback, will en-
sure a constant safety mobility of the vehicles
in the environment.

The Key Exploitable Results

During the project, our main objectives
has been the identification of potential Key
Exploitable Strategies for the knowledge de-
veloped during the initiative and the asses-
sment of theirimpact, both on the market and
in term of financial performance.

Cleary the main use of this specific technolo-
gy is in the autonomous wheelchairs industry.
This sector is particularly attractive indeed,
according to our analysis, the global wheel-
chair market size is valued at USD 5.91 billion
in 2024 and is expected to reach USD 9.93
billion by 2030 with a projected CAGR of
9.06% from 2024-2030. On the same time,
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the market growth is expected to be dri-
ven by an increasing need for mobility as-
sistance, particularly among the elderly po-
pulation. For this reason, in the next years,
the electric wheelchair market is projected
to grow for different reasons: government
initiatives, increment in the demand, heal-
thcare improvements and rising expenditu-
res.

Nevertheless, our analysis went beyond the
application of the REXASI's technology for
the development of autonomous wheel-
chairs; in fact, in addition to this, we have
identified other 4 potential applications for
REXASI. The first oneis related to the use of
the Ublique Decision Intelligence platform
in the field of logistic and mobility. In parti-
cular, the new modules of this platform that
has been conceived, in the context of REXSI
PRO, for the coordination of agents (in this
case the wheelchairs) can be adopted also
in other field and one of this is in the sector
of Supply Chain Managements Systems. In-
deed, thought this platform and its techno-
logy, it would be possible use this technolo-
gy for the management of complex supply
chains. This is a very interesting application,
in fact one of the main challenges for com-
paniesin the next years, will be the manage-
ment of supply chains, where the difficult in
their management is expected to growth in
the next years for both internal factors (in-
crease of volumes and supply chain globa-
lization) and external factors (pandemics,
wars and geopolitical challenges).

The second potential application is the use
of this technology for the coordination of

swarm drones used in the indoor environ-
mental mapping industry. Indeed, the te-
chnology developed in the project enables
the coordination of autonomous wheel-
chairs in specific indoor environments, ne-
vertheless the same technology can be ap-
plied also on agents that are not constituted
by wheelchairs but by drones. In this sense,
thanks to the application of this specific te-
chnology it would be possible to coordinate
flying drones with the purpose to navigate
and generate 3D models of specific indoor
environments (e.g. buildings). This techno-
logy performs well in extremely dangerous
scenarios where there is no ambient light,
no satellite signal, no radio communication,
and no line of sight to the pilot. For this re-
ason, these drones can be used in diffe-
rent and complex scenarios such as mining
exploration, building constructions, search
and rescue operations and dangerous plant
monitoring.

In addition to this, the application of REXA-
SI PRO’s technology can be applied also in
the industry of cybersecurity systems. In
this sense, the increment of cyberattacks
and regulations have caused the rise in the
demand of this kind of system. For this re-
ason, according to the trends of the mar-
ket, during the project has been developed
a complex Cyber-Physical Systems (CPS)
that integrates not only Operational Tech-
nologies (OT) and hardware components
but also leverages Al and SaaS (Software
as a Service) to enhance the system'’s ca-
pabilities. These cybersecurity systems will
be based on a yearly subscription, and it will
address the Critical Infrastructure Opera-
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tors impacted by the NIS2 regulations.

Finally, during the project it has been developed a video analytics platform whose objective
was to monitor and support the coordination of wheelchairs in indoor environments through
the use of intelligent cameras and a specific platform based on Al. This technology can be
easily applied also in other contexts, such as the video surveillance industry. Indeed, through
the use of this platform and intelligent cameras, it would be possible to identify and monitor
specific environments leveraging on real-time data. In this sense the possibility to leverage
on real-time data and on intelligent cameras based on Artificial Intelligence, will enable users
to alert public authorities in a faster way and to guarantee an effective and reliable area mo-
nitoring.
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About Alpha
Consult

ALPHA Consult is a European consultancy delivering tailor-made solutions supported by
senior staff with significant strategic development, market assessment and business mo-
delling experience. Alpha’s key competences lie in: 1) Exploitation: business plans, impact
assessments, market / competition assessments, go-to-market strategy, IPR; 2) Com-
munication & Dissemination: on-site promotion (events, workshops), on-line promotion
(websites, social media); 3) Support to Project Management: quality assurance plans, risk
management, ethics.

Alpha Consult plays a pivotal role in the project, defining the business plan and exploitation
strategy, driving the REXASI PRO's impact, and ensuring its innovations transition from
research to market.

For more information on Alpha Consult, please visit https://alphacons.eu/.
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