










 

Locally weighted linear regression (LWR) (Schaal et al., 
2002) achieved a total squared error one tenth of that achieved 
by an ANN with 20 neurons in its hidden layer, trained using 
error backpropagation on the same training set. If converted to 
a learning algorithm in which one point in the knowledge base 
is replaced at every 20ms update, the entire knowledge base 
would be replaced after every three hours of use. Functional 
link nets (FLNs), using kernel functions derived from the 
equations of motion, were found to have little improvement 
over ANNs. K-Nearest Neighbor (K-NN), though a simple 
algorithm, was also found to perform better than the ANNs. 

The ANN and FLN had 20 neurons in their hidden layers, a 
learning rate of 10–6, and were trained for 550 epochs. K-NN 
performed best with K=9, using a squared-inverse distance 
weighting metric. LWR performed best using a neighborhood 
containing the 20 nearest points, using a weighting scale 
parameter h (Schaal et al., 2002) on the order of 10–5. 

 
Fig. 9. Plot of the sum of the squared error in approximating the 
critic's utility function for an actor-critic with the PD controller as the 
actor in the simulated arm environment. 

VI. CONCLUSIONS AND FUTURE WORK 
We have examined reinforcement learning’s application to 

FES control of the upper extremity. In particular, we have 
shown that the actor-critic architecture can perform well, 
adapting to changing dynamics in a simulated human arm 
within 70 to 200 two-second episodes. While other closed-
loop controllers (e.g., PD and PID) can partially compensate 
for changing dynamics, the reinforcement learning controller 
outperforms them after training. We also found that the actor-
critic was capable of learning with varying amounts of 
exploratory noise, which will be necessary when training the 
actor-critic in a noisy environment. 

As this is one of the first attempts known by the authors to 
apply reinforcement learning techniques to FES, the research 
area is still open for significant development. Human trials of 
the actor-critic controller presented in this paper could give 
further insight into the real world implementation issues. 

A similar reinforcement learning agent could be applied to a 
model of the human arm that allows for full three-dimensional 
motion. This would bring the field closer to the long-term goal 
of restoring motor function to people with SCI. 
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