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ABSTRACT 
EMR is a graphical formalism that was introduced in 2000 by University of Lille to describe complex electromechanical 

systems. EMR has since been extended to complex multi-physical systems (thermal science, electrochemistry, fluid 
mechanics …) for energy conversion. EMR is based on the action-reaction principle to organize the interconnection of 
models of sub-systems according to the physical causality (i.e. integral causality). This description highlights energetic 
properties of the system (energy accumulation, conversion and distribution). Moreover, an inversion-based control can 
be systematically deduced from EMR using specific inversion rules. EMR is nowadays taught in Austria, Canada, China, 
Colombia, France, Portugal, Romania, Spain, Switzerland and Vietnam. EMR is used by industrial companies such as 
Alstom, Peugeot-Citroën, Groupe Renault, Sherpa Engineering, Siemens Mobility, Siemens Software, SNCF, Typhoon 
HIL, Valeo, etc. Moreover, EMR is the core of the on-going H2020 European Project PANDA, where University of Lille 
and Technical University of Cluj Napoca are collaborating on virtual and real testing of electrified vehicles. 

This keynote will present the fundaments of EMR and an application to Battery Electric Vehicle will be detailed. 
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