Fuzzy Bio-interface: Can fuzzy sets be an interface with brain?
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ABSTRACT

attractive

Recently, many brain-computer
interface and brain-machine interface have been
proposed[1,2]. The outer computer and machine
are controlled by brain action potentials detected
through a device such as near-infrared
spectroscopy (NIRS) and electroencephalograph
(EEG), and some discriminant model determines
a control process. However, under the condition
where  spontaneous action-potentials and
evoked-action potentials are contained in brain
signal asynchronously, we need a model that
serves as an interface between brain and machine
for a better stable control in order to prevent
runaway reaction of machine. This interface plays
a very important role to secure the stability of

outer computer and machine. The interface has

two kinds of functions: (1) a decoding of the
response action potentials to the control signal of
and (2) an

encoding of the sensor signal of the outside

outside machine and computer,

machine and computer to pattern of stimuli in
brain and neuronal networks. Unfortunately, it is
very difficult to identify such a function for the
interface between machine and living brain and
neuronal networks. Here we consider such an
interface within the framework of fuzzy system.
As a result, our study is supportive of this
framework as a strong tool of the bio-interface.
During the Japanese fuzzy boom in 1990's, fuzzy
logic has been proven effective to translate
human experience and sensitivity into control
signals of machines. Tsukamoto[3] has argued a
concept of fuzzy interface such that fuzzy sets is
regarded as a useful tool to intermediate between
language and mathematics. We believe that the
framework of fuzzy system is essential for BCI
and BMI, thus name this technology “fuzzy
bio-interface.”

In this lecture, we introduce a fuzzy
bio-interface between a culture dish of rat
hippocampal neurons and the khepera robot. We
propose a model to analyze logic of signals and
connectivity of electrodes in a culture dish[4], and
show the bio-robot hybrid we developed[5,6]. Rat
hippocampal neurons are organized into complex
networks in a culture dish with 64 planar
microelectrodes. A multi-site recording system for
extracellular action potentials is used in order to
record their activities in living neuronal networks
and to supply input from the outer world to the
vitro living neural networks. The living neuronal

networks are able to express several patterns



independently, and such patterns represent

fundamental = mechanisms for  intelligent
information processing[7].

First, we discuss how to indicate the
logicality and connectivity from living neuronal
in vitro. We follow the works of
Bettencourt et al.[8] such that they classify the

of three

network
connectivity of action potentials

electrodes on multi-site recording system
according to their entropies and have discussed
the characteristic of each classification. However,
they only discuss the static aspects of connectivity
relations among the electrodes but not the
dynamics of such connectivity concerning how the
strength of electrode connection changes when a
spike is fired. To address this issue, we develop a
parametric  fuzzy

new algorithm  using

b LA*-Q
SAl

connectives, that consist of both t-norms and
t-conorms|[9,10], in order to analyze those three
electrodes (Figure 1). We have obtained the
experimental result such that the parameter(s) of
Given this
result, we conclude that a pulse at the 60th

fuzzy connectives become infinity.

channel (60el) propagates to the spreading area:
(51el, 59el), (43el, 50el) and (35el, 42el); and that
the logic of signals among the electrodes was
shifted to the logical sum from the drastic product.
Consequently, the logic of signals among
electrodes drastically changes from the strong
AND-relation to the weak OR-relation when a

crowd of the pulses was fired.
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Figure 1: Algorithm to Analyze Action Potentials in Cultured Neuronal Network



Next, to control a robot, several
characteristics of the living neuronal networks
are represented as fuzzy IF-THEN rules. There
are many works of robots that are controlled by
the responses from living neuronal
networks[11-15]. Unfortunately, they have not
yet achieved a certain task that experimenter
desired. We show a robot system that controlled
by a living neuronal network through the fuzzy
bio-interface in order to achieve such a task
(Figure 2). This fuzzy bio-interface consists of two
sets of fuzzy IF-THEN rules: (1) to translate
sensor signals of robot into stimuli for the living
neuronal network, and (2) to control (G.e. to
determine the action of) robot based on the
responses from the living neuronal network. We
estimated the learning of living neuronal
networks with an example of straight running
with neuro-robot hybrid. Among 20 trials, the
robot completed the task 16 times, and it crashed
on the wall and stopped there 4 times. In this
result, we may conclude that the logic of signals
among living neuronal networks represented as
fuzzy IF-THEN rules for the fuzzy bio-interface is
rather efficient and effective comparing to the
other similar works. In such works, the success

rate of 80% is considered extremely high.
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