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Abstract: The overall goal of this work is to develop the core framework for 
an implantable neuroprosthetic device that can restore locomotion after a 
severe spinal cord injury (SCI) causes paralysis. Our approach to this 
problem relies on a combination of the mathematics of coupled oscillators, 
biological central pattern generator (CPG) for locomotion and an artificial 
silicon CPG. In particular, we propose that an artificial CPG can be used to 
generate on-line estimates of the motor output required to generate a desired 
gait, and that phasic electrical stimulation of spinal locomotor circuits can 
effectuate that output. 

To validate our proposed approach, we first prove that phasic electrical 
stimulation can effectively modulate the output of the biological central 
pattern generator for locomotion. This is shown by applying discrete current 
pulses to a chemically-activated lamprey spinal cord in vitro. For any given 
stimulus, the effects on locomotor output are demonstrated to be functions of 
the phase at which stimulation is applied within the CPG cycle. Next, we 
devise a method for determining what motor signals should be produced, 
and at what times. This is effected by a simple neural network based on the 
hindlimb CPG in cats that relies upon sensory inputs as well as intrinsic 
“ionic” currents to enforce a particular gait. Because we eventually intend to 
embed this network in an implantable device, we describe two different 
hardware implementations of neural networks. 

Finally, to illustrate the utility of a silicon chip in producing real-time 
control signals for a spinal neuroprosthesis, we use a CPG ASIC to control 
locomotion in a a legged robot and a paralyzed cat. The chip receives 
sensory input describing the position and force produced by the limbs, and 
generates action potentials that control the outputs connected to the muscles 
of the limbs. 
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