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Intelligent neural prostheses: psychophysical and technological issues
ECKMILLER Rolf

(Department of Computer Science, University of Bonn, Germany)

Abstract: Recent high—tech developments in microsystems technology, neural computation, and biosystems
technology of fer a significant potential for the development, production, and application of a new generation of
implantable, learning neuroprosthetic devices. One particularly promising development concerns the interna—
tional effort towards intelligent visual prostheses. The goal of visual prosthetics is the elicitationof useful visual
percepts by means of electrical stimulation although the access to the perceptual domain via the central visual
system is still not well understood. For many years, philosophical and psychophysical studies emphasized that
visual percepts may be of very different origin. For the purpose of the development of a visual prosthesis, we
interpret the function of the central visual systemas a sequence of two mapping operations. Our development of
a learning retina encoder (RE) evolved in several stages. The retina module RE serves as functional replacement
of the retina and is assumed to perform a mapping operation Ml of an input pattern P1 from the physical domain
onto the neural domain. In contrast, the adjacent central visual system module is assumed to perform another
mapping operation M2 of the Ml-output signals in the neural domain onto the perceptual domain thus generation

a visual percept P2. During the proposed iterative and perception—based learning process, a human subject

YtS HEE: 2008-12-15
BiIf{EE: terra@t-online. de



o5 2 3]

ECKMILLER Rolf: Faesh&fith: LIHEHE KR @

227

(normally—sighted for developments; blind in future applications) provides a perceptual similarity estimate of P2
with respect to P1 as input for a learning algorithm, which in turn modifies the parameter vector of RE until P2
appears sufficiently similar to P1. More specifically, the ensemble of spatio—temporal (ST) filters of RE can be
tuned in interaction with a human by means of genetic algorithms (GA). Alternatively, adifferent retina encoder
version, RE¥employs a combination of specific ST filter classes as well as a decision—tree algorithm and simulated
miniature eye movements. This approach promises significantly improved tuning results. More recent RE devel-
opment attempt to further enhance the RE properties based on pattern pre—processing of P1, pattern segmentation,

selective tuning of temporal pattern presentation, and selective control of clusters of stimulation electrodes.

Future comnercial success in the field of intelligent, implantable neuroprosthetic deviceswill significantly de—
pend on the formation of ‘hybrid’ teams of experts frombiology, medicine, and technology. Intelligent technology—
based therapies, which support or even functionally replace deficient parts of the human nervous system such as

specific cases of blindness, deafness, paraplegia, Parkinson disease, and epilepsy are well under way or will

become within reach within the next 5 to 10 years.
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