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Social Factors in Motion: Quantifying the Dynamics of Dyad-Individual Collision Avoidance
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Analyzing the dynamics of human motion within social contexts is essential for advancing our understanding of
pedestrian behavior, with broad applications in urban planning, robotics, and virtual reality. This thesis examines how
social factors—encompassing both interactions and relationships—shape the collision avoidance behavior of two-
person groups (dyads) encountering a single individual. Through quantifying deviations and elucidating the interplay
between group and individual behaviors, this research provides novel insights into the mechanisms governing human
movement in shared spaces.

The thesis begins with the development of a method to identify arm gestures in pedestrian dyads from video data.
Employing signal processing techniques grounded in pitch detection, this approach reliably captures arm movement
patterns, offering a foundation for understanding the role of non-verbal communication in pedestrian behavior.

Subsequently, the focus shifts to the influence of social interaction on dyad-individual encounters. The findings
demonstrate that when the dyads are engaged in higher levels of interaction, mutual deviation during avoidance
maneuvers of the two parties is increased. Conversely, non-interacting dyads are more susceptible to be intruded on,
underscoring the dual role of interaction intensity in shaping avoidance dynamics.

Building on these results, the study incorporates social relationships into the analysis. Using a novel modeling
framework inspired by the scattering problem in physics, mutual deviations are represented through a potential function.
This potential exhibits a steeper gradient for strongly bonded dyads, reflecting the pronounced influence of social ties
on collision avoidance strategies.

The investigation then explores asymmetries in the contributions of dyads and individuals to the collision avoidance
process. Initial results reveal that individuals contribute more significantly to deviation behaviors than dyads. Further
analysis, employing diverse deviation metrics and comparisons to undisturbed baseline conditions, confirms this
asymmetry. Dyads engaged in social interaction exhibit reduced responsiveness in avoidance scenarios, while
pedestrians as a whole demonstrate more pronounced deviations in high-risk collision contexts, highlighting the adaptive
nature of human motion.

By integrating behavioral analysis, signal processing methodologies, and theoretical modeling, this thesis constructs
a comprehensive framework for understanding the impact of social factors on pedestrian collision avoidance. These
findings hold significant implications for the design of socially aware systems and environments capable of

accommodating the complexities of human interactions.
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