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OBJECTIVES 

This work is in the area of biological neural networks, or bio-control. Our work has focused on Neural 
Control research that discovers and applies knowledge of biological process control to improvement of 
process technology and control. This program is a cross-disciplinary collaborative effort in which we pursue 
the opportunities, growing out of neural computation and computational neuroscience, to reverse engineer 
biological processes for their control principles and mechanisms. Many of these principles and mechanisms 
are novel and attractive from an engineering control perspective. The problems of nonlinear control are 
similar in kind to those "solved" by bio-control systems: they are nonlinear, dynamical, multivariate 
(multiple input multiple output, or MIMO). Thus, our aim is to discover and model the kinds of MIMO, 
dynamical and adaptive control strategies seen in bio-control. 

STATUS OF EFFORT 

We have developed computational models of biological neural mechanisms that provide the genesis and 
control of network oscillations, specific patterns of oscillation, and the control of different phases in the 
patterns. These models are built up across several levels of biological complexity, beginning with 
individual ionic channel kinetics and ending in whole system behavior, and are grounded in accurate 
biological detail at every level. A major contribution of these models is in the area of complexity theory, 
since it is possible to observe in simulation by which the interactions in these biological nonlinear dynamic 
systems produce emergent properties which are greater than the sum of their parts. The understanding of the 
interactions is leading to the ability to manipulate the behavior of these nonlinear dynamical systems. In 
some models each neuron class is represented by a population of 25 neurons, and manipulation of these 
networks is leading to important insights in the area of biological parallel processing. All of these results are 
finding interest for application within process technology and process control, as algorithms or as 
inspiration for novel approaches to nonlinear control problems. 

ACCOMPLISHMENTS/NEW FINDINGS 

We have performed work: (i) to develop computational models of neural mechanisms that provide the 
genesis and control of both respiratory oscillations and specific patterns of respiratory neurons, and (ii) to 
understand the mechanisms of integration and specific roles of intrinsic properties of respiratory neurons, 
network properties of their interconnections, and effects of afferent feedback in the genesis and control of 
the respiratory pattern. The models of single respiratory neurons were developed in the Hodgkin-Huxley 
style employing both physiological and biophysical data obtained from different medullary respiratory 
neurons in mammals. The neuron models include sodium and a series of potassium and calcium channels 
and produce the specific firing patterns of respiratory neurons recorded experimentally (i.e. adapting and 
ramping bursts). 



Several models of the central respiratory pattern generator (CRPG) were developed. Each CRPG model 
includes a network of respiratory neurons with different intrinsic properties and peripheral feedback from 
pulmonary stretch receptors (PSR). The CRPG models differ by the respiratory neuron types and the 
expiratory off-switching mechanism.All CRPG models demonstrate both a stable respiratory rhythm and 
specific patterns of respiratory neuronal discharges. They also show a number of plausible (consistent with 
experimental data) alternations of the respiratory rhythm and pattern under conditions of different 
perturbations applied to the main afferent nerves. The 
simulation of CRPG model performances under conditions of stimulation applied to PSR feedback and 
different afferent nerves was used for comparable analysis of the models. Using our CRPG models we also 
investigate the roles of intrinsic membrane properties of respiratory neurons in the control of the duration of 
respiratory phases and switching between them. The results of our computer simulation provide insight into 
the synergism of cellular, network and systems mechanisms providing the genesis and control of the 
respiratory rhythm and pattern. 

We have developed models of parallel processing in neuronal populations. These models display the 
robust, stabilizing functions of processing in biological mechanisms, appear significant from a control 
perspective, and are being developed for application. We developed sensor fusion algorithms inspired by 
biological sensory integration and we are working with engineers in implementing these applications. We 
also investigated a hierarchical control scheme reflecting the distributed control used in the bio-control 
system that appears to have a stabilizing kind of feedback. 
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