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Construction of a Brain-Machine Hybrid System
to Investigate Adaptive Functionality of a Micro Brain

Atsushi Takashima*!, Ryo Minegishi*?, Daisuke Kurabayashi*! and Ryohei Kanzaki*?

We have created a brain-machine hybrid system (BMHS) which is able to solve the chemical plume tracing (CPT)
problem using a micro brain of a male silkworm moth. The purpose of the system is to investigate adaptability which
is derived from interactions between the microbrain, body, and environment. In this paper, we describe a method
of creating the BMHS. The BMHS is a kind of cyborg system in which the body of a living being is replaced with
a mobile robot and its brain is used to control the robot. The artificial body is controlled by motor commands for
the original body that are extracted from a signal recorded in the brain. For that purpose, a small measurement
system to record the signals was created and a method to reconstruct the motor commands from the signals was
established. We demonstrate the BMHS can behave like a silkworm moth and then confirmed the system can solve
the CPT problem in an experimental environment. Our system has the potential to reveal principles of adaptability
in silkworm moth behavior.
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Fig.1 Pheromone-source orientation behavior of a male silk-
worm moth
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Fig.2 Pheromone plume and its filament
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(4)if a pheromone is detected
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Fig.3 Programmed sequence of a pheromone-source search-
ing behavior of a male silkworm moth. In response to
pheromonal stimulation the silkworm moth shows the
behavior consisting of surge, zigzag turns and loop

[Artificial Body

Unknown _ Unknown_

+ [Brainje— ' [Brain] s—
T S

: Y E Known  ¥Controllable
B | o 4

R B U |

\j

Environment

Environmentk

Brain—-machine

Organism :
hybrid system

— Effective path

Fig.4 Concept of a brain-machine hybrid system. The brain-
machine hybrid system makes investigation of a brain
possible, by replacing an organism’s body with an artifi-
cial body whose specification is well-known
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Fig.6 Central nervous system of the silkworm moth
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Glass suction electrodesf

. Moth head

Recording preparation. Command signals generated in
the brain are recorded from left and right CNbs using
glass suction electrodes
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Fig.8 Neural activities recorded from 2”4 CNb. Five different
neural activities are recorded with different amplitudes
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Fig.9 Complete view of the brain-machine hybrid system
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Fig.10 Body axis and head axis
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Fig.11 Correlation between a head angle (A) and body angular
velocity (B). Pheromonal stimulation is given at 0 [s]
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Fig.12 Simultaneous neural activities recorded from a left and
right 274 CNbs. Pheromonal stimulation is indicated
by black triangle
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Fig.13 Spike frequency histograms of a left and right 27¢
CNbs. Same data as the Fig.12. Pheromonal stimu-
lation is shown by black triangle
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Fig.14 Virtual moth and robot
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Fig.15 Trajectory of the mothborg in response to a pulsed
pheromonal stimulation. The black star indicates the
start point and the white star indicates the end point.
The black dot indicates the position of the mothborg
at 15 [s] where the mothborg changed its behavior
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Fig.16 Neural signals of a left and right 2nd CNbs recorded
from the mothborg while experiment in a wind tunnel.
Upper and lower traces are of left and right CNbs re-
spectively. The time scale of the rectangular area shown
in A is expanded in B
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Fig.17 Spike frequency histogram of 27¢ CNbs. Upper and
lower histograms are of left and right CNbs respectively.
Same data as Fig. 16
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Fig.18 Differences in spike frequency between the left and right
CNbs. When the value is in positive the mothborg turns
to right. While the value is in negative, the mothborg
turns to left. Same data as Fig. 16
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Fig.19 Angular velocity of mothborg. The area whose value is
positive means that the mothborg turns counterclock-
wise. Same data as Fig. 16
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Fig.20 Trajectory of the mothborg in a wind tunnel. The black
line indicates the trajectory of the mothborg. The black
star indicates the start point and the white star indi-
cates the end point. The black triangle represents the
location of the pheromone source
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