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Trustworthy Al for safe autonomy

human-centric, explainable, responsible, etc.

Lawful

Ethical Robust
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\ https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai
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Trustworthy event detection using smart-sensors

* |Information fusion from redundant and
diverse sources to make safe decisions

* Sources include smart-sensors using
Deep Learning

:Human Machine :Wheelchair Drone sensors
Interface Control Unit '
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Reference scenario: road crossing

Can | cross the
road?

< IEEE

Francesco Flammini




%

aboratory environment for dataset collection

Realsense onboard PC

D455 * high performance vs. low
TIMSXX
sIcK

energy consumption
* not chosen yet
GEL248V \

* if no incremental
encoder integrated
into wheelchair model

microelectronic board

* interconnects PC, sensors
& wheelchair

* not chosen yet

Laboratory environment
* Cheaper

e Safer

* Easytosetup

* Reproducibility

* Ground truth

OptlTrack

M- v---..
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Instrumentation of the robomasters

RANGE

camera

» Data recording through three sensors:
- RMp,,, Videocamera
- RMheelchair VideOCamera
- RMheelchair FANEE seNsor unit

» Information fusion to compute the danger function can be
implemented at multiple levels: object detection, tracking,

and decision fusion
» Artificial vision for obstacle detection & tracking

- YOLO v5 (initial tests)
- YOLO v8 customised (current tests)
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Real-Time «Danger Function» Evaluation

Obstacle Kinematics

—— Distance [m]

RM . Camera 247
Drone Camera Wheelchair a5

RM

g 20
18
16 -
1.4
12

1.0+

T T T T T T T
0.0 0.5 10 15 2.0 25 3.0 35
Time [s]

—— Speed [m/s]
0.5

0.4 +

0.3+

0.2 +

0.1+

T T T T T T T
00 0.5 10 15 20 25 30 35
Time [s]

2.5 9

Danger score Acceleration [m/s™ 2]

12 204

I R e 1.5+

08+ 104
06 - 0.5 4
0.4 4 0.0 4

0.2 4 0.5

104

T T T T T T T T T T T T T

0.0 0.5 1.0 15 2.0 2.5 3.0 35 0.0 0.5 10 15 20 2.5 3.0
Time [s] Time [s]

Safe crossing I E E E
- Dangerous crossing N

00

\

Francesco Flammini



—\

Robustness against adverse weather conditions

Can | cross the
road?
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Testing against environmental conditions

Light
Adverse weather conditions are simulated
using synthetic filters

Application of those filters cause a Rain
degradation in obstacle detection and

tracking performance (RMSE, Accuracy,

F1 score)

Fog
Sensor fusion significantly improves
results if performance do not differ
significantly among sensors

Night

F. Corradini, C. Grigioni, A. Antonucci, J. Guzzi and F. Flammini: “Experimental Evaluation
\ of Road-Crossing Decisions by Autonomous Wheelchairs against Environmental Factors”.

8th EAl International Conference on Intelligent Transport Systems (EAI INTSYS 2024).

https://github.com/UjjwalSaxena/Automold--Road-Augmentation-Library
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Application of autonomic computing to the case-study

__________________________________________

ANALYSE

* MAPE-K feedback loop

* Monitor: data processing, resampling of sensor info MONITOR

* Analyse: danger function evaluation AN

* Plan: best action based on quantified risk
* Execute: actions sent to the Managed Subsystem

~
N

A s,

-
"' MANAGED

* Knowledge shared over all phases using explainable
probabilistic formalisms (e.g., DBN)

SUBSYSTEM 2

MANAGED
+ SUBSYSTEM 1

PLANNING
AND
DECISION

* Focuson Perception: PERCEPTION
]
« Multiple technologies for redund d diversi . I/Mm
u tlp e techno ogles Tor redundance an |verS|ty SYSTEM AND VEHICLE
SUPERVISION CONTROL B

* Diversity by Hardware, Software and Perspective
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Real prototypes T
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Press interest and awards
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November 15th 2024 - Lugano, Switzerland
o Mofle Foundation compatiion and award of the «Quality of ife labels
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Autonomous Wheelchairs
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Trustworthy Artificial Intelligence for Autonomous Wheelchairs (

Le Président de la Fondation Le Président du Jury Video. This smart
Jean-Pierre Rausis Rolf Ingold wheelchair helps the user

M avoid obstacles
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Martigny, le 15 novembre 2024

3, A 2
A Far attraversare la strada a una sedia a rotelle robotica in modo sicuro e autonomo & una delle maggiori sfide che
sviluppatori e sviluppatrici devono affrontare. Gaetan Bally
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FRANCESCO FLAMMINI professore SUPSI, IDSIA, USI-SUPSI

UNASEDIA A ROTELLE AUTONOMA SUPPORTATA DA DRONI? NON E FANTASCEINZA
- ) i =

n e =

Sedie a rotelle guidate da droni e intelligenza artificiale sicura
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“There is nothing permanent except change”

Heraclitus

Thank you for your kind attention!

Questions?
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