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Abstract of Thesis

Robotic systems are rapidly integrating into human society and in the future they are expected to coexist
with humans in every home. However, most existing systems are pre—programmed to provide specific solutions
and they lack of capabilities to perform new tasks, adapt to novel situations, and learn from their human
users, most of whom will not have programming skills. Researchers have previously proposed diverse methods
to achieve robot learning from demonstration, but most methods are based on learning techniques that require
the human user to spend a lot of time and effort to train a robot. This applies to current approaches to provide
robots with skills to detect and manipulate objects, or achieve autonomous behaviors. Thus, the burden of

robot training has become a limiting factor for introducing robots into human environments

The work presented in this dissertation aims to answer the following questions. How can robots harness the
information provided to them while minimizing the burden of robot training? How can robots make use of other
sources of information to complement their learning? and How can robots enhance their skills using
human—generated signals of positive or negative rewards? In order to answer these questions, this dissertation
presents a multimodal robot learning framework that incorporates diverse methods to train a robot via human
demonstrations, complements learned data by using external sources of information, and enhances learned skills
by considering human rewards. The contributions of this work begin with novel approaches to learn from
demonstrations using diverse modalities such as visual observation, kinesthetic teaching and tele—operation,
followed by learning algorithms to enhance learning data from few demonstrations with data obtained from robot
sensors, the Internet, and human rewards. Finally, a formalized framework is introduced as potential baseline

to develop system architectures aimed to reduce the burden of robot training for multiple domains

Throughout this dissertation our framework is validated through diverse robot learning applications such as
learning to detect object categories given a few samples demonstrated by the human teacher and data collected
from the Internet, learning to manipulate objects given few motion skills demonstrated by a human teacher
and rewards obtained from multiple Internet users, and learning to autonomously control home appliances from
few demonstrations provided by a user through a Brain Machine Interface (BMI) while leveraging brain generated
reward signals. Experimental evidence indicates that our framework can be very useful to reduce the burden
of training in object detection and manipulation tasks, as well as reducing the mental fatigue caused by

constantly operating home appliances through a Brain Machine Interface
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