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Background:  There is a well-established need for the development of a symbolic algebra module (or “actor”) for Ptolemy II, a two dimensional visual environment for heterogeneous and concurrent modeling of physical systems. The current capabilities of the system are limited to simple algebraic manipulations and multi-dimensional entity representations and visualizations. Capturing the forward and inverse kinematic behavior of complex hybrid physical systems (such as mechatronic systems used for various applications) is of primary importance for various application areas, including material testing, component manufacturing, and robotics. An additional problem associated with Ptolemy II is that it does not contain a 3D graphics visualization actor.

Summary:  This project resulted in an actor for Ptolemy II that uses the Mathematica kernel, the computational engine behind the Mathematica user interface.  The actor is able to accept Mathematica expressions presented to its input port, then link to the Mathematica kernel to evaluate them.  Finally, it will return the resulting expressions to the actor’s output port.


Currently, the actor is being used in an endeavor to model and simulate the mechatronic system of the CMSL, the 6D-Loader.  The system has six degrees of kinematic freedom for applying displacements and rotation and measuring reaction forces and moments resulting from the response of appropriately selected composite material specimens.  Integration with Mathematica and its symbolic algebra capabilities is necessary to model this machine because its kinematic behavior is described by a set of very complex system of nonlinear equations, while the behavior of the specimen is governed by a coupled system of partial differential equations.  These equations are very complex and not solvable by hand in all cases.  Ptolemy II and specifically the 2D visual programming editor bundled with Ptolemy II, Vergil, is being used to model both the visual and functional behavior of the machine.


The completion of the model of the machine and models of the specimens will enhance the ability to design and prototype mechatronic systems as well as conduct complex virtual experiments remotely.

