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Abstract 
Computational models combining machine learning and 

cooperative mathematical games on graphs are developed to detect 

the origin of full-body human movement as it is perceived by an 

observer, and tracking its propagation. A transferable-utility game 

is defined on a skeletal representation of the body, whose players 

are the joints. A characteristic function related to the change of 

movement features on adjacent joints is adopted. Mathematical 

properties of the game are interpreted in terms of movement 

analysis. The Shapley values of the joints are evaluated and used to 

extract a higher-level feature (“Origin of Movement”), which 

provides an estimate of the joint from which movement 

originates/propagates. Feature ranking is performed to find the 

feature with the best prediction capability about the origin of 

movement and its propagation. This research was funded by EU 

Horizon 2020 research and innovation programme under grant 

agreement No. 824160 EU (Project EnTimeMent) and from 

Università Italo-Francese (project GALILEO 2021 no. G21 89). 
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