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Situational awareness is crucial for safe and reliable operation of autonomous
vehicles in urban environments. In particular, detection and tracking of dynamic
objects are the most important aspects to be considered, as the vehicles share
its operational space with human actors in various forms, such as pedestrians,
cyclists, and cars. Situational awareness is typically achieved through the perception and environment modeling system of the autonomous vehicles, which
has to: 1) collect environmental data of the surrounding area using on-board
sensors, 2) detect the other actors in the sensory data in a reliable and timely
manner, and 3) track the actors to analyze and predict their motion. These
three capabilities constitute the core competency of an autonomous vehicle that
has to reliably operate in normal traffic situations.
However, different sensors exhibit different performances under different environmental conditions, and some of them might fail to provide relevant data in
difficult, but realistic situations such as during adverse weather and dense traffic. Unreliable sensory information makes early detection and robust tracking
of dynamic objects a difficult task.
To mitigate the disadvantages of individual sensors, autonomous vehicles
combine heterogeneous sensors into multi-sensory systems. Such combination
significantly enhances the perceptual abilities (e.g. robustness, range, accuracy)
of autonomous vehicles. Unfortunately, the data of some of these sensors are
not easy to interpret, because they do not provide complete information about
the 3D positions of the perceived objects (e.g. cameras) or their data do not
resemble information provided by human senses (e.g. 2D/3D LiDAR, ultra wide
band radars). However, recent advances in machine learning methods proved
methods capable of segmenting specific objects from sensory information and
can be learned automatically, given that there are enough training data available
[1].
In this thesis, we will investigate machine learning methods for multi-sensory
systems for autonomous vehicles, where the heterogeneous nature of the sensory
data will allow mutual training of the methods of dynamic object detection
and tracking. On-the-fly, lifelong learning of the objects models for detection
and tracking will be achieved through exploitation of the heterogeneity and
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amounts of data gathered by the vehicle’s sensors over long periods of time. In
contrast to existing technologies [1, 2, 3, 4] which are mainly based on static
models, our research work will focus on development of adaptive models that
are completed and refined based on the data gathered over long-time operation
of the autonomous vehicle.
The thesis work will combine three different sensors installed in our autonomous car: 1) 3D LiDAR scanner, which provides direct 3D information
about the object surfaces in the car vicinity, but has a limited resolution and
range, 2) color camera, which provides high-resolution 2D data with unlimited
range, but is affected by adverse weather conditions, and 3) ultra wide band
radar, which provides data that are not affected by weather conditions, but are
difficult to interpret.
In order to achieve lifelong mutual learning, we will develop an online learning framework, which updates objects models by exploiting dynamic objects
trajectories fused from multi-sensor detections. On the one hand, at first, the
model has to be initialized by supervised learning with labeled subjects (e.g.
pedestrians, cyclists, cars). The initial learning set can be small though (e.g.
only one sample), as more samples will be incrementally added and used for updating the models in future iterations, making lifelong learning possible. On the
other hand, we need a robust multi-target tracking system to gather the detections, fuse them and generate their tracks. This system will play an important
role in our solution framework, because it associates the detections across time
as well as across the different sensors, making lifelong training and mutual sensor
learning possible.
This PhD thesis is part of the Intelligent Vehicle Project investigated by
LE2I-CNRS1 laboratory at UTBM2 (EPAN Research Group3 ). The project
consists in developing advanced concepts and methods for driving assistance
and automated driving. The research activity in this project is based on perception and localization using multi-source data collected from several sensors
(camera, 2D/3D LiDARs, GPS, etc.) and knowledge systems like digital maps.
The project is developed and implemented using several automated vehicles
equipped with different sensors. The Figure below shows one of our experimental automated vehicles equipped with several sensors.
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