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Table 1
Independent controlled microdrive

Author {(vendor) Ch. Weight [g] Size (L« W< H) [mm] Depth [mm] Automation Motion system Precision (1/8 turn) [jum]
deCharms et al. (1999) 49 20 26x22x16 5 Pin push #

Venkatachalam et al. (1999) 6 1433 @585x145 3 Gear 20

Fee and Leonardo (2001) 3 1.5 @6x17 25 D Synchronous motor A

Cham et al. (2005) 4 40 0 28.23* 5 O Piezoelectric actuator |

Neuralynx® 28 16.9 @37.5x528 10.5 . Gear 20

Our microdrive 22 15 @23.5 x 37 B Hydraulic 50

Comparison of independently controlled and (semi- Jimplantable drivers.

* Not mentioned.
To summarize, a high recording quality can be obtained using ~ Acknowledgments

tapered electrodes by means of precision control, as discussed
in Section 4.2.

4.4. Automatic control

One advantage of our microdrive is its implementation of
an automatic control algorithm. Using our hydraulic multi-
electrode array, it is possible to independently and automatically
reposition all the electrodes during the actual recording period.
In all these experiments, the rats were awake with no limita-
tions on their movement. This freedom is greatly advantageous
to research on task-related neurons.

In this paper, we used a simple algorithm based on SNR and
spike count, and demonstrated that it could be used for aunto-
matic positioning. Other methods could also be implemented in
this device. However, there seems to be no consensus among
researchers on the best positioning algorithm. More sophisti-
cated algorithms, such as those using a stochastic model or
regression model, are expected in future research.

4.5. Advantage of the microdrive

For the sake of comparison, five other independently con-
trollable microdrives are listed in Table 1 as well as our own
invention. Each of these microdrives also adjusts its electrodes
independently and automatically. Although this hydraulic sys-
temis somewhat lacking in precise control compared to the other
methods, it has many balancing advantages. In a hydraulic sys-
temn, the electrode density is limited only by the spacing of guide
tubes; this is a remarkable advantage when the number and den-
sity of electrodes increases. In addition, the cost of this system
is lower and its weight is less than that of motor-based systems.
Our microdrive achieves a nice balance between electrode den-
sity, cost, and weight, and future extensions,

We succeeded in chronically recording neural signals from
waking rats. Although it was difficult to record simultaneously
from all channels, it was often possible to record clear neural
activity from a large percentage of electrodes when each
electrode was individually positioned. These results are a
first step towards the permanent monitoring of neural activity,
which of course would dramatically improve the quality of the
data. We believe that this automated microdrive is a powerful
research tool, which avoids many arduous tasks such as frequent
repositioning to find and maintain high-quality neural signals.

We would like to thank the staff of *“The Central Work-
shop, Institute of Industrial Science, The University of Tokyo™
for developing the implant components. This work was par-
tially supported by Grant-in-Aid for Scientific Research (A)
17206022, from the Ministry of Education, Culture, Sports,
Science and Technology of Japan: and also by, Grant-in-Aid
for Research on Advanced Medical Technology H17-Nano-010
from the Ministry of Health, Labour and Welfare of Japan.
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Estimation of Locomotion States of a Rat by Neural Signals from the Motor Cortices
Based on a Linear Correlation Model

Osamu Fukayama*, Non-member, Noriyuki Taniguchi**, Non-member, Takafumi Suzuki*, Member,
Kunihiko Mabuchi*, Non-member

We are developing a brain-machine interface (BMI) called “RatCar,” a small vehicle controlled by the neu-
ral signals of a rat’s brain. An unconfined adult rat with a set of bundled neural electrodes in the brain rides
on the vehicle. Each bundle consists of four tungsten wires isolated with parylene polymer. These bundles
were implanted in the primary motor and premotor cortices in both hemispheres of the brain. In this paper,
methods and results for estimating locomotion speed and directional changes are described. Neural signals
were recorded as the ral moved in a straight line and as it changed direction in a curve. Spike-like waveforms
were then detected and classified into several clusters to calculate a firing rate for each neuron. The actual
locomotion velocity and directional changes of the rat were recorded concurrently. Finally, the locomotion
states were correlated with the neural firing rates using a simple linear model. As a result, the abstract

cstimation of the locomotion velocity ‘and directional changes were achieved.
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Application of Neural Probes Integrated with Fluidic Channel for Microdialysis
Naoki Kotake "', Takafumi Suzuki’, Shoji Takeuchi®, Kunihiko Mabuchi’
'Graduate School of Engineering, The University of Tokyo
*Graduate School of Information Science and Technology, The University of Tokyo
*Institute of Industrial Science, The University of Tokyo
Abstract  We propose a neural probe integrated with a fluidic channel for microdialysis fabricated using MEMS
technologies. This probe, which was designed to record neural signals, and to sample biochemical constituents from the area
of recording, consists of four electrodes with a fluidic channel covered with semipermeable membrane. It was fabricated on a
20um-thick Parylene C substrate, and semipermeable membrane was made from cellulose acetate. The fluidic channel, which

was 200 um wide x 30 um high x 1.5 mm long, has windows covered with semipermeable membrane. The thickness of

semipermeable membrane was about 15um. We have succeeded 1n fabricating a concept model of the neural probe.

In this paper, we described design and fabrication of the neural probe.
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