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Abstract In human-human interactions, individuals naturally achieve fluency by
anticipating the partner’s actions. This predictive ability is largely lacking in collaborative robots, leading to inefficient human-robot interactions. Fluent meshing
in human-robot collaboration requires the robot to make its intentions clear to its
human collaborator. We propose a unified generative model of human reaching motions that allows the robot to a) infer human intent, and then b) plan its motion to be
legible, or intent-expressive. We conducted a study on human reaching motion and
constructed an elliptical motion model that is shown to yield a good fit to empirical
data. In future studies, we plan to confirm the effectiveness of this model in predicting human intent and conveying robot intent for achieving fluency in human-robot
handovers.

1 Introduction
We focus on single-arm reaching motions as a natural communication channel in
tightly coupled physical human-robot collaborative tasks, like a human-robot handover scenario shown in Figure 1. Such collaboration requires legible coordination
of the specific behavior of human-robot handovers: as the human reaches out to
handover the water-bottle, the robot should be able to tell early on and reach out to
receive the bottle (Figure 1).
Similar to human-human interactions, attaining fluency in human-robot interactions requires the collaborative robot to be able to infer the intentions of its human
counterparts in order to determine the next appropriate action [1–3]. Likewise, in
taking actions, the robot must balance two, often juxtaposed, objectives: 1) moving
in a predictable (expected) way that the human trusts and understands [4], and 2)
moving in a legible (intent-expressive) way that conveys its intent to the human - it
enables the inference of intentions [5].
Few studies have sought to develop algorithms for the prediction of goal-directed
human reaching motions [6], and generating legible robot motions [5]. These
studies often model human-like motion as complex and time-expensive cost functions capturing different aspects of how the human observer(s) expects the robot to
move [7, 8]. Such trajectory optimization techniques present two major challenges
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