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Fig. 8. Characteristics with changing load resistance (#, Yout/Vin).

D. Maximum efficiency and optimal load distribution

Figure 7(a) shows the results of calculating the maximum
transmission efficiency by using the theoretical formula for the
LC booster method, based on the distribution of coupling
coefficients in Fig. 5. Parameters used in this calculation were
obtained from the results of analysis of the coupling coefficient
and from Table 1. The coupling coefficient &,; was set so as to
maximize the f value by setting it to a coupling coefficient of
0.67 with the booster coil and the third coil in contact. We next
used the electronic circuit simulator PSpice to determine the
transmission efficiency distribution when ky; (= 0.51) was
adjusted so that the optimal load was 10 Q. Figure 7(b) shows
the results. The matching point was at a position with
dislocation of 0 mm and a gap of 50 mm. This is because the
vicinity of the center of the primary coil has a relatively poor
coupling coefficient at the surface. Performing matching at the
center where the coupling coefficient is low, the coupling
coefficient can be raised to compensate for efficiency even if
the optimal load changes due to displacement (changes in
optimal load are within approximately 413 Q for a dislocation
of 90 mm and a gap of 10-50 mm, equivalent to the coil
surface). Figure 5 shows the rise in the coupling coefficient due
to displacement from the center.

Comparing Figs. 7(a) and (b), we can see the loss of
efficiency under the (b) conditions of the region near the
primary-side coil. This is due to the effects of displacement of
the matching as described above, but efficiency is not
decreased from the matching point, and in fact an increase in
efficiency can be seen along with the increase in the coupling
coefficient. In other regions under the (b) conditions,
transmission efficiency is approximately the same as with the
matching of (a) at all points. We can furthermore presume that
the small variation in the coupling coefficient is a factor in the
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small variation of efficiency at the coil surface. This is the
reason for greatly varying the size of the primary and secondary
coils, intentionally creating a low coupling condition. It is well
known that there is little change due to displacement in
low-coupling regions. This is precisely why magnetic
resonance is said to be resistant to displacement. The reason
why there is little variation in efficiency due to displacement in
larger distances is because variation is suppressed through the
use of low-coupling regions; thus, the high-Q coil compensates
for efficiency loss due to low binding. The results of this
research, too, indicate that implementation of our LC booster
method results in displacement resistance features in the same
manner as magnetic resonance.

E.  Characteristics with changing load resistance

We confirmed the characteristics with changing load
resistance by using PSpice. The efficiency decreased with
increasing load resistance. This is reason why load resistance
value is different from optimal load value. The range of load
resistance value over 50 % is from 3 Q to 40 Q. On the other
hand, output voltage kept constant. This characteristic is very
useful for charging of battery. A weak battery is charged with
constant current. In progress of charging, the charging mode
turns into constant voltage. It is suitable to rather guarantee a
voltage than get a power. LC booster method also has
characteristic of voltage stabilization like usual electromagnetic
induction method.

III. ConcLusioN

We have proposed a method of wireless power transmission
that makes use of an LC booster system to address issues
related to the use of electromagnetic induction. The results of
analysis of low binding regions show that implementation of
the proposed method makes it possible to incorporate
displacement resistance features similar to those found in
magnetic resonance. Since the size of the booster coil proposed
in this model is a relatively small 40 mm, we expect that it can
be used in a wide variety of applications such as smart phones,
digital cameras, and tablet PCs. In future research, we hope to
contribute to the development of electromagnetic induction
methods utilizing this property.

REFERENCES

Kurs, A. Karalis, R. Moffatt, J.D. Joannopoulos, P. Fishet, and M. Soljacic, “Wireless
power transfer via strongly coupled magnetic resonances,” Science, vol. 317,
10.5834, pp.83-86,2007.

T. Matsuzaki, and H. Matsuki, “Transcutaneous Energy-Transmission Coils for FES,”
J. Magn. Soc. Jpn., Vol.18, No.2, pp.663-666 (1994).

T.Takura, Y. Ota, K. Kato, F. Sato, H. Matsuki, T.Sato, and T. Nonaka, “Relationship
between Efficiency and Figure-of-merit in Wireless Power Transfer through
Electromagnetic Induction,” J. Magn. Soc. Jpn., 35, 132-135 (2011)

(1]

[2]
[3]

IMWS-IWPT2012 Proceedings

— 340 —



— 1¥e —

BATHy FEEE Vol.81 No.l, pp.51~59, 2013 51

BT,

WIRTEMA 5 OV VR EE)HOIREHF] &

OFRy b7 —

B B £ KT OB T o

yiil:3 B OO

LENERTE

oL F B W N F F

NS S <k

Discrimination Analysis and Movement Decision of the Prosthetic Arm by Using
Monkey ECoGs Data Associated with Self-feeding Motions

Keita Sato*!, Soichiro Morishita*!, Hidenori Watanabe*?, Yukio Nishimura*?,
Ryu Kato*!, Tadashi Isa*? and Hiroshi Yokoi*!

Brain Machine Interface (BMI) technology is a promising technology for the rehabilitation of patients with serious
paralytic impairments. In particular, BMI using Electrocorticograms (ECoGs) provides an interesting new possibility
because of its long-term stability, low degree of invasiveness, high spatial-temporal resolution and high signal per
noise ratio (S/N ratio). Nevertheless, there are no BMIs with ECoG for devices that in(é_‘grporate many degrees of
freedom, such as the artificial hand. In this paper, as a preliminary experiment, we constructed a signal processing
module and decision of movement of external devices such as a robot arm. We observed the self-feeding motions
of a monkey (Macaca fuscata) employing ECoG electrodes. We applied the Fast Fourier Transform to the ECoGs
and performed bandpess filtering to obtain amplitudes of a few frequency bands. We then implemented Linear
Discriminant Analysis (LDA) to classify the motion patterns into four classes. Then, we decided the movement of
the robot arm from the cumulative incidences of these classes. We have achieved two noteworthy results, namely a
discrimination ratio between 53-61% and a delay of beginning times of £ 0.15 seconds.

Key Words: Brain Machine Interface, Electrocorticogram, Linear Discriminant Analysis, Decision of Movement
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Table 1 Discrimination ratio and error ratio [%)

‘Waiting | Reaching | Feeding | Resting
Discrimination ratio 60.6 60.3 52.8 61.1
Ervor ratio (Waiting) 114 9.5 18.3}
Error ratio (Reaching) 5.5] 30.6| 3.6]
Eror ratio (Feeding) 4.4 3.8 11.0
Error ratio (Resting) 15.6] 12.2] 10.8]
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Fig.8 Averages and variances of differential time when start moving between robot

arm and monkey

Table 2 The duration of generated trigger and the result fulfill the equation (12), (13)

or not (62 =15,03 =57, 84 = 24)

Trial 1 2 4 5 7 8 11 12 13 14
1.02{ 043 0.91] 043 1.53] 0.92 0.90| 2.15{ 1.56] 1.08

AT33[s]

ATls] 157 1.63 1.33] 1.21 047 1.17 1.23] 1.06] 1.27 1.18|
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or not (f2 = 11, 63 = 50, 04 = 27)

Table 3 The duration of generated trigger and the result fulfill the equation (12), (13)
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