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In this study a committee of heterogeneous dynamic neural networks is used to identify a dynamic biological system.  The goal is to capture the behavior of a musculoskeletal system composed of the articulating surfaces of the tibia, femur, and menisci of the human knee.  The identified system consists of 7 input signals (3 displacement and 4 Euler parameters); and 6 output signals (the resulting reaction forces and torques).  The input and output signals fed to the neural network are calculated from a Finite Element model of tibio-menisco-femoral articulations. The project goal is to identify the aforementioned knee sub-system using a mathematical model with a significantly reduced computational footprint.
To meet the project goals, an ensemble of neural networks composed of multiple time delay neural networks (TDNN) and nonlinear autoregressive neural networks with exogenous inputs (NARX) is chosen. The former is chosen because it can be shown that a TDNN with adequate memory depth can approximate any nonlinear dynamic myopic mapping between its input and output domains. The latter is chosen because it can be shown that a properly designed NARX is equal to an observable general recurrent neural network which in turn can emulate any nonlinear, dynamic state space model. 
Dynamic neural networks, after proper training, can run in near real-time on most modern PCs. However, the training of these data-driven models is challenging. In order to overcome model variance due to unavoidable scarcity of training data, we performed the following:
(a) averaged the output of multiple NARX and TDNNs post network training

(b) used a Bayesian regularized training method to force network sparsity during network training  

Six separate dynamic neural network models will be developed from finite element models of six cadaver knees.  The neural network models will then be placed within multi-body models that include other knee structures.  Predictions from the multi-body models are compared to measured values from experimental loading of the cadaver knees.  Future work includes incorporating contact pressures into the neural network models as additional output signals. 
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