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Knuckle Angle Estimation Method Using
Histogram of Surface EMG Signals
WkEERE | RAZ ' MEEX EBHIE" REEZ'
Yasutaka YAMAMIZU', Nozomu ARAKI', Yasuo KONISHI',
Kunihiko MABUCHI®, Hiroyuki ISHIGAKI'
LR N, RN
'University of Hyogo, “University of Tokyo
Abstract In this paper we propose a novel method to estimate the angle of finger joint using surfacc EMG. The
proposed method consists of two steps. First, we transformed the measured surface EMG signal to a spike-like one
and calculate the histogram of the spikes after clustering them by setting thresholds of the spike's amplitude. Then,
we estimated the angle of each finger by the calculated histogram of the spikes using a linear model. By the

experiments using this method, we obtained satisfactory results between the surface EMG and the estimated angles
of MP and TP (PIP) joints of the fingers.
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A FLEXIBLE PARYLENE NEURAL PROBE

COMBINED WITH A MICRODIALYSIS MEMBRANE
N. Kotake', T. Suzuki’, K. Mabuchi'? and S. Takeuchi**
" Grad. School of Engineering, The University of Tokyo, JAPAN
* Grad. School of Information Science & Technology, The University of Tokyo
*Institute of Industrial Science, The University of Tokyo, *PRESTO, JST

ABSTRACT

We designed a flexible probe to record both neuroelectrical and neurochemical
activities (Figure 1). This probe has four microclectrodes for neural recording and a
fluidic channel covered with a semipermeable membrane: the membrane is used for
microdialysis in the brain. We measured impedance of the electrodes. and examined
the leakage of dialysate from the fluidic channel in vitro.

KEYWORDS: Neural electrode. Microdialvsis, Parylene. Flexible probe

INTRODUCTION

Neural electrodes are fundamental in controlling prosthetic devices and for in-
vestigating brain function. Such devices were based on rigid materials like silicon
[1]. Recently. polymeric materials, such as polyimide [2] and Parylene [3]. have
also been used as materials for flexible structures. We have previously reported
Parvlene flexible neural probes integrated with microfluidic channels [4].

On the other hand. microdialysis is a popular bioanalytical sampling method in
brain research |5]. Moreover. it should be noted that a probe which records both
neuroelectrical and neurochemical activities is required for investigating the contri-

| ne '
fuidic outlet semipermeable membrane :

fluidic inlet
fluidic channel

biclogical ,*
tissye

electncal
connectors

(a) _ étb) fluidic channel .

Figure 1. Conceptual illustration of a probe. (a) Overview image of the probe. The
probe is inserted into biological tissue. (b) Tip of the probe with recording elec-
trodes and a fluidic channel. The fluidic channel is covered with a semipermeable
membrane. When the probe is inserted into the brain, the microelectrodes record
neural signals, and the fluidic channel collects neurotransmitter from the extracellu-
lar fluids around the point of interest.

Twelfth Internanonal Conference on Miniarurized Sysiems for Chemistry and Life Scicnces
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bution of neuronal ensemble activity to brain function. For example. the standard
microdialysis probe combined with wire electrodes were used in studying the phar-
macologic properties of brain tissue that contribute to local ficld potential [6].

Here. we propose a probe (hat integrates flexible neural electrodes and microdi-
alysis membrane by microfabrication (Figure 1). The proposed probe has the advan-
tage of being easier to fabricate with greater precision. This fabrication process is
based on the method we have reported previously [4].

EXPERIMENTAL

Figure 2 shows the fabrication process of the probe. First. an SU-8 mold (50 um
thick) was made on a silicon wafer. Then, a 30-40 pm thick photoresist layer and a
patterned gold layer were sandwiched between two Parylene thin films (the first
layer is 15 pum in thickness: the covering layer is 10 pm in thickness) on the mold.
The photoresist was used as a sacrificial layer to form the fluidic channel.  After
oxygen plasma etching with aluminum as an etchmask, which defined the shape of
the probe and the opening sections of the fluidic channel, the fluidic channel was
opened by dissolution of the photoresist in an acetone bath. A semipermeable mem-
brane was prepared by spincoating an acetone solution containing cellulose acetate
and formamide. The membrane was then transferred onto an another wafer with
neural probe. and was fixed to the probe by drying acectone. Finally, the structure
was peeled off from the SU-8 mold.

(a)SU-8 palternig (c)Parylene deposition (e)Photoresist dissolution
with acetone (g)Release from wafer

(b)Gold and photoresist  (d)Parylene etching .  (/Membrane coating
patterning on parylene by oxygen plasma !f etchmask semipermeable membrane

Teus SLELES

Figure 2. Fabricating process of the probe.

RESULTS AND DISCUSSION

The whole structure of the probe is shown in Figure 3a. The Size of the probe is
1.2 mm in width, and 12 mm in length (excluding the connecting site). The probe
has a fluidic channel and four recording electrodes around the tip of the probe (Fig-
ure 3b). Figure 4 shows a cross sectional view of the fluidic channel. The size of
the fluidic channel was 170 pm in width, and 30-40 pm in height. As a result of an -
in vitro perfusion test, no leakage was observed from the fluidic channel. The
measured impedance of the gold electrodes (100 x 150 pum®) was approximately 600
k€2 at a frequency of 1 kHz (Figure 5).

Twelfth International Conference on Miniaturized Systems for Chemistry and Life Sciences
Octaber 12 - 16, 2008, San Dicgo, California, USA
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Figure 3. (a) The probe was fabricated on a 25-pm-thick parylene C substrate.
(b) The fluidic channel is U-shaped at the tip of the probe.
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Figure 4. Cross sectional view of the flu- Figure 5. Impedance of the
idic channel.  The fluidic channel was electrodes.  The impedance of
covered with a 15-pm-thick semiperme- the electrodes was measured in
able membrane. 0.9% saline solution.

CONCLUSIONS

We proposed a flexible probe to record both neuroelectrical and neurochemical
activities. We succeeded in covering the fluidic channel with the semipermeable
membrane. The impedance of the electrodes was sufficiently low for neural re-
cording. Our ongoing studies are 1) evaluation of the permeability of the membrane
and 2) simultancous n vive recording of both neuroclectrical and neurochemical ac-
tvities.
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Parylene flexible electrodes for electrical microstimulation of spinal neurons
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In this study, we fabricated a flexible probe for electrical microstimulation of spinal neurons by laminating
gold electrodes with thin. biccompatible polymer films. This flexibility has advantages to prevent the severe
problems within the living tissue such as movements or invasions of the probe. We inserted the probes inta the
spinal neuron of monkeys, and applied electrical stimulation with the probes. We observed that the stimulation
triggered a gnip task of the monkeys In addition, our probes achieved a longer time of the stimulation-response

effect compared to the conventional stainless electrodes
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(Neural electrode, Parylene flexible microelectrodes, Electrical microstimulation,)
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Table 1.  Stimulation threshold.

Days
from Threshold current (pA)
mplant | g)ectrode | Electrode | Electrode | Electrode
(days) 1 2 2 4
4 G0 20 40 20
o) 80 80 80 A0
18 300 300 300 400
26 260 280 260 300
32 300 300 260 350
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