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Research project objectives/hypothesis

Artificial agents (i.e., robots) that operate in complicated settings like homes, healthcare, and human-
robot interactions (HRI), require advanced capabilities to support direct cooperation between a robot
and a human. To achieve this goal, socially intelligent robots must be capable of observing and
accurately interpreting human actions with whom they are supposed to interact, while considering the
semantics of human behavior. To address these challenges, the project proposes a method that allows
robots to obtain and determine a higher-level understanding of human behavior by extracting semantic

representations from the video data. By combining rich sensory input, reasoning capabilities, and
robotic action design, the project aims to develop adaptive, context-aware decision-making tools for
implementation in assistive robotics.

In this project, new methodologies will be developed. Then, a framework will be formulated to facilitate
the three key modules: a) an advanced imaging setup with an improved resolution for rich sensory
support and perceiving meaningful contextual features, b) automatic recognition/interpretation of
human actions taking into account the semantic rules based on the proposed structured database to
improve decision-making processes, and ¢) implementing and validating these developed tools on the
robotic platform for executing human-assisting tasks.

Research methodology

The project aims to develop tools that enable the robot to cooperate with humans in unstructured
environments, with advanced reasoning capabilities. Initially, the robot observes human actions, and
over time, the human-robot interaction develops and improves. Before its own reaction, the robot will

hypothesize the subject’s potential actions and select the one that is found most suitable using semantic
rules. The research plan includes the development of the following research tasks (RTs):

a) RT1: contextual action recognition — by integrating advanced perception techniques based on
convolutional neural network & residual network, we will ensure meaningful features
extraction fools. We plan to facilitate neural models based on transformer-type architectures to
support action recognition tasks, which are essential for building structured knowledge database.

b) RT2: structuralized database development — we will create a structured database that maps
recognized human actions, scene contexts, and object properties. The semantic or symbolic
representation techniques will be developed to support final reasoning processes.

c) RT3: robotic execution and validation — we will implement and validate the strategies
developed in RT1 and RT2 on the robotic platform for assistive tasks execution.

Research project impact

Research in cognitive sciences has greatly improved our understanding of human action recognition in
natural human-human social interactions and the development of computational models. For research
on human interaction with robots, in general, it is therefore important to be clear about the theoretical
framework(s) and inherent assumptions underlying technological implementations. This will contribute
to the fields of robotics, cognitive engineering, and artificial intelligence by developing novel tools for
real-time semantic reasoning capabilities and robotic execution. This has further ramifications for the
evaluation of the quality of the interaction, rather than just the robot's functionality. The integration of
RT1, RT2, and RT3 will ensure the comprehensive approach to address the challenges of safe HRI in
real-world use case scenarios.



