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ABSTRACT

In this position paper we address the issue of acceptance in human-
robot interaction, a topic often associated with anthropomorphism.
The literature around this concept lacks of a discussion around
the kinetic aspect of anthropomorphism, especially in applications
where machine accuracy is required. We briefly summarize the
results we achieved and outline some research directions promised
to impact human-robot collaboration in sectors like manufacturing
and medicine.
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1 WHAT IS KINETIC ANTHROPOMORPHISM?

Acceptance in Human-Robot Interaction (HRI) is a largely debated
subject and often associated with anthropomorphism: we are likely
to accept robots if they resemble us. We can coexist with them,
merely sharing our workspace, as is the case of warehouses and
household settings, or we can physically interact and collaborate,
exchanging forces, as in several industrial and medical applications.
In the former cases, we look for anthropomorphic features in the
robot’s physical appearance (e.g. humanoids) and cognitive abili-
ties, such as perception and decision making (e.g. ChatGPT) [4]. We
perceive such characteristics through visual and auditive cues. Oth-
erwise, when physical interaction (pHRI) is established, we also rely
on our somatosensory system, which is actively engaged to “feel”
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Figure 1: (a) Physical interaction experiment setup, (b) obser-
vation experiment setup.

the robot’s movement and allows us to “judge” whether we recog-
nize it as familiar, thus comfortable. We refer to this movement-
centered aspect of human-robot similarity as kinetic anthropomor-
phism. Whether kinetic anthropomorphism plays a predominant
role even when pHRI is missing is an open question.

2 ARE TRADITIONAL APPROACHES TO
KINETIC ANTHROPOMORPHISM
SATISFACTORY?

To achieve anthropomorphism, the design of collaborative robots is
bioinspired, and, in view of kinetic anthropomorphism, this is the
case of motion and interaction control algorithms, too. Learning
from demonstrations [2] and control through motor primitives [3]
are two popular approaches. They target to imitate the velocity pro-
file of human reaching movements, responding to a combination of
smooth unimodal basis functions (e.g. a time superimposition of log-
normal velocity profiles [6]). Is this enough? The short answer is no.
What are we missing? The industrial and medical sectors are plen-
tiful of applications that want to combine the cognitive abilities of
humans (for e.g., product customization) with quality-safeguarding
machine accuracy. Traditional programming approaches target-
ing kinetic anthropomorphism, however, do not account for path
preservation. Hence, the challenge is preserving robot accuracy
without loss of kinetic anthropomorphism.
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3 WHERE DO WE STAND?

Our idea is to decouple, in a trajectory, the geometrical path from
its time law [1]. We preserve accuracy by fixing the former, and
achieve kinetic anthropomorphism by working on the latter. The
approach combines phase plane analysis, i.e. the analysis of the
tangential velocity on the path, with the theory of motor primi-
tives, in a way that arbitrary time laws (including human-like ones)
can be assigned to the same geometric path. In a pHRI experiment
involving students from our institution (Fig. 1a), we asked to com-
pare, by only relying on their somatosensory system, robotic move-
ments on the same path showcasing different levels of similarity to
the human movement. Set that the movements in the comparison
were sufficiently different in terms of kinetic anthropomorphism,
the students were able to discern them and to recognize the most
human-like as the most comfortable one. Interestingly, when com-
paring replicas of human-recorded movements with human-like
artificial profiles, no clear separation was possible. This provides
more than an indication that every movement can be made human-
like, regardless of the geometric path to be tracked. What about
non-contact cases? In a previous experiment (Fig. 1b) [5], we asked
participants to compare human-recorded and artificial movements
of a hand-with-pen avatar writing on a canvas and conclude on
which, in the pair, looked more human-like. Notably, in this setup,
humans were not able to reliably distinguish between human and
artificial movements. What do these results suggest? It is possi-
ble that visual cues are not enough to assess the degree of kinetic
anthropomorphism in a movement, or the hand-with-pen avatar
(or equivalent surrogates used in other experiments) cannot reach
a sufficient level of aesthetic anthropomorphism for a human to
self-identify with it. Perhaps, in the absence of a somatosensory
feedback, if the robot were a humanoid, humans would rely on
additional clues other than the mere hand movement, such as joint
ranges and shoulder-elbow-wrist coordination.

4 WHAT NEXT?

We believe that future research should concentrate on robot pro-
gramming approaches maximizing kinetic anthropomorphism, with-
out sacrificing robot accuracy. On the other hand, solving the kinetic
anthropomorphism in non-contact cases is harder and requires fur-
ther investigation into the analysis of robotic systems with a higher
degree of aesthetic and kinematic anthropomorphism.
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