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Executive Project Summary  
Compliant control in humans is exploited in a variety of sophisticated skills. These include solitary 

actions such as soft catching, or sliding and pushing large objects as well as actions performed in 

physical coupling where mutual adaptation in constraint walking or in 

execution of joint tasks occurs. We refer to this advanced ability of 

organizing versatile motion while regulating force and impedance 

under varying physical contact as cognitive compliant interaction.  
Compared to the richness of such behavior, our understanding of 

the cognitive and adaptative processes underlying modelling 

impedance and how to embed respective models in the generation of 

compliant actions for robots is shallow. Corresponding to this limited 

knowledge, compliant interaction in human-robot teams is typically 

limited to a narrow set of carefully engineering scenarios where the 

regulation of mechanical impedance (the resistance to imposed 

motion) is predominantly a means to enable physical teaching or to 

absorb and ensure stable response against anticipated or unstructured 

disturbances. CogIMon is convinced that force control, cognitive modelling, and learning need to be 

integrated for substantial progress. An important starting point are adaptive motion primitives that 

have recently provided a leap towards richer motor skills and brought about novel training methods 

for organizing motion and control but still lack the ability to learn in the force domain and systemic 

integration for compliant team-interaction, where changing contact situation is a primary challenge.  

CogIMon thus aims at a step change in human-robot interaction toward the systemic integration 

of robust, dependable interaction abilities for teams of humans and compliant robots, in particular 

for the compliant humanoid COMAN. We focus on compliant interaction that requires motion and 

compliant behavior regulation of both the human(s) and the robot(s) and involves full-body variable 
impedance actuation, adaptability, prediction ability, dependability, flexibility, and enhanced 
motion. To achieve this ambitious goal, the project targets step-changes in key technologies and 

technology combinations that arise from novel scientific enabling concepts, interdisciplinary 

research on interacting humans, and engineering developments. The objectives include the 

· scaling up of the compliant humanoid COMAN’s technology readiness level to permit its 

operation in realistic scenarios and workspaces, by applying industrialization upgrades; 

· implementation of hybrid impedance control schemes connecting classical optimal, adaptive 
and impedance control with higher-level force primitives to realise compliant interaction; 

· implementation of a model-driven engineering process using domain specific languages for 

automatic software generation enabling systematic testing through continuous integration; 

· investigation of human behavioral strategies for force and impedance adaptation in physical 

multi-party interaction, to identify critical parameters, and to develop respective models and 

evaluation measures for intuitive and efficient interaction with humans and human-likeness;  

· development of force/impedance primitives as basic elements in compliant motion control 

that incorporate the partner’s intention based on motion and force sensing;  

· evaluation of feasibility, intuitiveness, efficacy and complexity of the robots’ interaction 
capabilities through demonstrations and user studies in real-world scenarios.  

Real world experimentation at different technology readiness levels (TRL), which cuts across the 

domains of manufacturing, civil, health and entertainment, shall manifest progress. Compliant 

catching and throwing shall be realized and tested in a prototypical scenario for physiotherapy at 

TRL 4-5. Multi-COMAN-human interaction in varying teams shall be explored at TRL 3-4. Joint 

handling of unknown objects by a human and a Kuka LWR multi-arm setup (throughout engineered 

with safety-integrated model based software generation) shall demonstrate the core abilities in a 

manufacturing domain scenario at TRL 6-7. CogIMon will theregy boost our understanding of 
human-robot physical interaction and respective robot abilities. Software, data, and results will be 

made publicly available following an open science policy to aim at highest impact.  
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