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Research context and motivation

With more than 1.35 million worldwide road casualties annually, people’s safety is an
utmost concern in the automotive sector

Intersection crossings are one of the most dangerous sections
of the road infrastructure and are responsible for a significant
number of accidents

New generation connected vehicles alleviate that concern by
exchanging critical information between infrastructures and/or
vehicles

In addition, new-gen vehicles can collect/generate a massive amount of data through their
extensive array of sensing devices and ECU’s

Machine Learning (ML) algorithms can utilize the data generated by the vehicles to
develop data-driven decision-making models and enhance the driving assistance systems
to react to the ever-changing environment

With the inception of autonomous vehicles is near, machine learning algorithms play a
crucial role in perceiving and understanding the world around a car

Addressed research questions/problems

Few approaches have already been proposed to predict the trajectories of Connected
Vehicles (CVs) and use them to detect collisions. However, these approaches lack the
precision required for reliable collision detection in a complex driving environment, i.e.,
Intersections

In general, the predicted trajectories present the vehicle’s future positions solely as point
estimates, which are insufficient for detecting collisions at dense urban crossroads.

In addition, we need to estimate the uncertainties associated with the predicted trajectories
to detect the collisions timely
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« Collision detection algorithms need timely updated data to foresee the collisions effectively.

—> Multi-access Edge Computing (MEC) platform with both V2| and 12|
communications are used to collect relevant data at an edge entity

« Machine Learning based approaches to:

—> accurately predict the vehicle trajectories

—> estimation of the associated prediction reliability

 Reliable collision detection mechanism that uses both trajectory predictions and prediction

intervals to foresee possible collision events and reduce false positives
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Novel contributions

CDFs of available reaction time

Collision detection/avoidance mechanism based on ML-aided uncertainty-aware trajectory

Evaluated using the synthetic mobility traces from | prediction 0.9 0.1
Luxembourg SUMO traffic scenario Time
C oy Long. Lat. Long. Lat.
LSTM ED model uses past 3 seconds of vehicle’s [s]
: : : : Position |Position| Position | Position
information to predict next 3 seconds of trajectory
CDF of the prediction errors reveals: T+1 | 93.09 | 92.65 | 511 | 2.55
e 89.81% T+1 errorof<1m T+2 94.73 | 90.76 | 2.54 3.41
e 04.25% T+3errors<3m T+3 93.73 | 90.17 | 3.48 4.58

Quantiles 0.9 and 0.1 presents the ratio of true vehicle positions below the predicted
output
* Uncertainty estimation allows the Random
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Adopted methodologies

Two Long Short Term Memory (LSTM) based Encoder-Decoder (ED) model setup predicts
the vehicle’s trajectory and estimates its associated uncertainty

Trajectory prediction ED model reduces the Mean Squared Error of the predicted trajectory
Uncertainty Estimation ED model minimizes the quantile loss function to provide lower and
upper estimates of the predicted trajectory

Random Forest Classifier combines vehicle’s trajectory and uncertainty estimates to
predict the collision between two vehicles
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 Exploring domain adaptation/transfer learning techniques to generalize the proposed
framework

 Exploring Human-in-the-Loop based DRL setup to allow customizable driving behavior and
reduce the human interventions in automated vehicles

List of attended classes

1TRARV - Big data processing and programming (13/8/2021, credits: 4)

1DTPRV - Connected Vehicles (didattica di eccellenza) (23/6/2022, credits: 4)
1QTEIU - Data mining concepts and algorithms(1/2/2021, credits: 4)

TUNRRV - Entrepreneurship and start-up creation (31/5/2021, credits: 8)

02SFURV - Programmazione scientifica avanzata in matlab (26/5/2022, credits: 6)
02QUBRS - Statistical data processing (4/2/2021, credits: 4)

01QFFRYV - Tecniche innovative per l'ottimizzazione (23/7/2021, credits: 4)

01QORRYV - Writing Scientific Papers in English (16/6/2022, credits: 3)

01DPIRO - Advanced Topics in Energy Storage System and Electric Vehicle Drivetrain
Design (didattica di eccellenza) (7/9/2022, credits: 4)
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