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Research context and motivation
Service Robotics

il
A “service robot” is defined as a robot “that performs l1
useful tasks for humans or equipment excluding industrial
automation applications”. Service robots are spreading
as cutting-edge automation solutions in various fields
where human activities can be supported.

Indoor social applications for wellbeing: service robots
can support people in every-day life activities in their
domestic environments. They can be adopted for smart
home management, elderly people monitoring and 5
assistance, surveillance and inspection. /
Precision Agriculture: the development of Agriculture
4.0 paradigm rapidly attracted research attention with the .
aim of satisfying essential requirements: increasing .
productivity, allocating resources reasonably, adapting to B&
climate change, and avoiding food waste. A fundamental
step for introducing an efficient and reliable automation in
the agriculture processes is the development of a robotic [
autonomous navigation pipeline. This is the first B
requirement to successfully takes care of several tasks E&=
such as harvesting, spraying, and vegetative assessment. F=====8

SERVICE ROBOTICS
FOR WELLBEING

Indoor Autonomous Social Navigation:

* Increase the level of autonomy of robotic navigation in
dynamic social environment.

 Investigate novel Machine Learning-based approaches |
for robot control and path planning.

Autonomous Navigation for precision agriculture:

* Propose a complete autonomous navigation pipeline for
row-based crops such as vineyards: from a global
waypoints generator to a local intra-row controller.

« Study position-independent visual sensorimotor agents
for intra-row navigation in GPS-denied conditions.

Robotic Perception:

» Deep Leaming at the Edge: study optimization methods @
for Deep Neural Networks execution with real-time
performances on embedded devices.

 Applications to robotic tasks: person detection and pose |
estimation, scene semantic segmentation, image super- g
resolution, depth images noise estimation.

* Generalization to Out-Of-Distribution data: investigation
of Deep Learning methods for domain-invariant models
for visual perception and navigation.
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Novel contributions

* Marvin: an innovative omni-directional robotic platform for domestic environments.
human-centered navigation system with omnidirectional robots for indoor assistance.

* A position-agnostic autonomous navigation system for intra-row vineyards with a
visual-based Deep Reinforcement Learning agent.

« A waypoint generator with Deep Contrastive Clustering for row-based crops.

* Land cover classification from multi-temporal satellite images with adversarial training
of a self-attention-based neural network.

« Adeep investigation of recent backbones architectures for Domain Generalization.

* A Generative Adversarial Super-Resolution network for efficient image transmission at
the Edge with Knowledge Distillation.

Adopted methodologies

Deep Reinforcement Learning in simulation:
A reinforcement learning framework s
formulated as a Markov Decision Process
(MDP). The aim of a DRL process is to
optimize a parametric policy g which defines
the agent behavior mapping the received state
s; to an action a;. We define the parametrized
agent policy with an Atrtificial Neural Network
trained in simulation. DRL agents are used for
both intra-row vineyards navigation and indoor |
social navigation. They can be combined with
classic planners for a robust optimized system. _ { .,,,
Edge-Al for robot perception: e tll
The execution of Deep Neural Networks (DNN) (] sessseragesooing
for robotic perception is optimized through
methods (Knowledge Distillation, Quantization)
and dedicated computational hardware (Google
Coral accelerator).

Domain Generalization:

Domain Generalization methods aim at
minimizing the learning gap between source
domains (simulation) to a target domain
(reality). DNN architectures, training methods,
and input sensor data are investigated for a
domain-invariant visual-based navigation.

* Novel RL-based hybrid planner: adaptative social planners for service robotics tasks.
* Optimization techniques: knowledge distillation and sparse neural networks.

* Realistic depth images in simulation: bridge the gap in visual navigation policy.

* Machine Learning for robot odometric error correction.
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TUMNRYV - Advanced Deep Learning (didattica di eccellenza) (15/06/2021, 6 credits)
TUJBRV - Adversarial training of neural networks (03/06/2021, 3 credits)

1QTEIU - Data mining concepts and algorithms (01/02/2021, 4 credits)

TUJUIU — Human-Al Interaction (09/02/2022, 4 credits)

3QTIIU — Mimetic Learning (26/01/2021, 4 credits)

1DNMIU - Optimized execution of neural networks at the edge (05/09/2022, 5 credits)
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1TSGKG - The Monte Carlo method (25/09/2021, 6 credits)

1QORRYV - Writing Scientific Papers in English (20/5/2021, 3 credits)

* 01SHMRV - Entrepreneurial Finance (31/12/2020, 1 credit)

» 08IXTRV - Project management (18/01/2021, 1 credit)

* 01RISRV - Public Speaking (06/01/2022, 1 credit)

* 02LWHRV - Communication (28/12/2020, 1 credit)
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