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Human Manipulation Action 
Understanding for Cognitive Robots 

 

Abstract:  Modern intelligent agents will need to learn the manipulation actions that 
humans perform. They will need to recognize these actions when they see them and they 
will need to perform these actions themselves. The lesson from the findings on mirror 
neurons is that the two processes of interpreting visually observed action and generating 
actions, should share the same underlying cognitive process. The talk will present a 
cognitive system that interprets human manipulation actions from perceptual information 
(image and depth data) and consists of perceptual modules and reasoning modules that 
are in interaction with each other. The talk focuses on two core problems at the heart of 
manipulation action understanding: a) the grounding of relevant information about actions 
in perception (the perception - action integration problem), and b) the organization of 
perceptual and high-level symbolic information for interpreting the actions (the sequencing 
problem). At the high level, actions are represented with the Manipulation Action Context-
free Grammar (MACFG), a syntactic grammar and associated parsing algorithms, which 
organizes actions as a sequence of sub-events. Each sub-event is described by the hand 
(as well as grasp type), movements (actions) and the objects and tools involved, and the 
relevant information about these quantities is obtained from biologically inspired perception 
modules.  These modules recognize the hand grasp, manipulation action consequences 
and object-wise spatial primitives. Furthermore, a probabilistic semantic parsing framework 
based on CCG (Combinatory Categorial Grammar) theory is adopted to model the 
semantic meaning of human manipulation actions. Analogically, understanding 
manipulation actions is like understanding language, while executing them is like 
generating language. Experiments on two tasks, 1) a robot observing people performing 
manipulation actions, and 2) a robot then executing manipulation actions accordingly, are 
conducted to validate the formalism.ich contain units that are selective for sound-producing 
objects.  
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