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Abstract: 

Robot kinodynamic models are needed in traditional applications ranging from robot control and motion optimization to 

collision detection, and more recently to generate training data for robot learning algorithms via physics-based 

simulations.  Obviously a robot model is only as good as the accuracy of its estimated parameters. While it has been 

standard practice to estimate kinematic and dynamic model parameters separately and to view the two independent 

problems as being "solved", in reality this is far from the case, particularly if a robot has high dof and the measurements 

are noisy. These challenges explain in part the recent trend toward using generic machine learning-based statistical robot 

models.  In this talk we first argue that such models are quite restrictive.  We then show that even for complex high-dof 

robots subject to noisy measurements, accurate robot models can be identified by taking advantage of a robot's underlying 

geometric properties -- e.g., link masses are positive and inertia tensors are positive-definite -- and by identifying the 

kinodynamic parameters in a unified fashion rather than decoupling the kinematics and dynamics. We also argue that 

classical kinodynamic models augmented with machine learning-based methods that capture, e.g., unmodelled dynamics 

effects like elasticity and friction, are more effective than generic machine learning-based statistical robot models.  This 

point of view is justified with experimental studies of a tendon-driven robot. We conclude with a geometric characterization 

of a broad class of representation learning problems that are not restricted to robotics, and show that such problems can be 

formulated as seeking a minimum distortion mapping between two curved spaces, for which tools from Riemannian 

geomtry are available. 
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