1 —

FooN 200 Hz-100 kHz
90F ——200 Hz-50kHz -
] “ 200 Hz-30 kHz
ok e -=--200 Hz10kHz |
E,D 3
E '90" T
> I
= -180- -
£
-270+ -
-3601 -
_450- RN BN TN B
10 10° 10 10° 10°
Frequency (Hz)
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Development of Real-Time and Highly Accurate
Wireless Motion Capture System Utilizing
Soft Magnetic Core
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1Department of Materials Science & Technology, Gifu University, Gifu 501-1193, Japan
2Research Institute of Electrical Communication, Tohoku University, Sendai 980-8577, Japan

Highly accurate wireless motion capture system using LC resonant magnetic marker has been developed. The marker consists of soft
magnetic core with wound coil and a chip capacitor without battery or electric wires, driven wirelessly by the action of electromagnetic
induction. The system realized the position accuracy is less than 1 mm within the space of 150 mm from the pickup coil array. Com-
pared with dc magnetic system, the proposed system is applicable for precision motion-capturing under optically isolated space without
magnetic shielding because the system is not influenced very much by the earth field noise.

Index Terms—Electromagnetic induction, LC resonant magnetic marker, motion capture system, wireless driving.

1. INTRODUCTION

N ORDER to detect invisible targets safely in optically

isolated space such as in or on a human body, an attached
marker is desired to be free from electric wiring. An exact lo-
calization and direction of the targets are, additionally, required
for a medical field or a human interface of the next generation.
Magnetic motion capture system is thought to satisfy these re-
quirements. There have been several investigations to determine
the position of a magnetic object by measuring the magnetic
field of the object [1]-[5). However, conventional system re-
quires comparatively large size marker and markers are not free
from electric wiring as to obtain a high signal-to-noise ratio
(SNR) for magnetic signal of marker. Accordingly, we have
proposed and developed a new kind of magnetic motion capture
system using magnetically coupled LC resonant marker [6],
[7]. The small size marker utilizing soft ferrite magnetic core
composed of a minimal LC circuit with no battery, is driven
wirelessly by the action of electromagnetic induction. The
magnetic signal of the marker is detected by a matrix designed
pickup coil array. Former investigation of the position sensing
system using LC resonant tags was reported. However, this
system is unable to detect the location of the tags in millimeter
unit, making it more difficult to track the orientation of the
tags [8]. Our proposed system realized approximately correct
orientation of the marker and the position accuracy of the
marker was within 1 mm at an acquisition speed of 1 Hz [9],
[10]. In this paper, the proposed system is demonstrated, and an
accuracy of position and orientation of the marker is discussed.

II. SYSTEM CONFIGURATION AND THEORY

Fig. 1 shows a schematic diagram of the motion capture
system. The system is composed of a driving coil, a marker,

Digital Object Identifier 10.1109/TMAG.2005.854839

Power Amp.
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Wave Generator
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NI PXI system
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2593 4070
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Fig. 1. Schematic diagram for proposed motion capture system.

Driving
coil

Fig.2. Pictures of (a) detecting part of the motion capture system and (b) LC
resonant magnetic marker with high permeability ferrite core.
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Fig. 3. Evaluation results for the developed motion capture system (displayed in three-dimensional, zy-plane and zz-plane plot).

and a pickup coil array. In this paper, we adopted a coordi-
nate system in which was shown in Fig. 1. A picture of the
developed coil system and LC magnetic marker is shown in
Fig. 2. The marker consists of a high permeability ferrite core
(3 mm in diameter and 10 mm long) with wound coil and a chip
capacitor, which represents LC series circuit designed for a
resonant frequency of 191 kHz. The pickup coil array consists
of 25 coils placed at interval of 45 mm on an acryl board to
configure a matrix layout. Each coil is made of 100 tumns of
polyester enameled copper wire (PEW) around acry! bobbin
25 mm in diameter. The excitation is 18-V sinusoid applied to
the driving coil (ten turns of PEW around acryl coil 200 mm
in diameter). The marker is strongly excited at around its own
resonant frequency by the action of electromagnetic induction.

Induced voltage as an induction field of the marker is required
to determine the position and the orientation of the marker.
However, a resultant induction of exciting field and marker’s
field detected as an induced voltage at the pickup coils, because
they have the same frequency component as each other. To
extract the voltage of marker’s contribution, first, induced
voltage without marker, then, induced voltage with the marker
was measured respectively. It is therefore possible to obtain the
desired voltage by vectorially subtracting induced voltage with
the marker from induced voltage without the marker [6], [7].
The position and orientation of the marker is calculated by the
use of (1)—(3) make an optimization using the Gauss—Newton
method [11]

§) = Y| B - BE@| — Minimum )

i=1
s L [ M 3M-7)
Bcal(f’) - 47”“) { ,,_i; 'I‘? (2)
ﬁ: (IE, y,z,9,¢, M) 3

S(p) is an objective function (the least square value), 7 is coil

—

number, B, is the measured flux density, BE;)I is the theo-

retical flux density which is taken into account of the magnetic '

dipole field and 7'is the parameter of marker. M is the magnetic
moment, (z,¥, 2) is the position of the marker, and 7 is equa-
tion of an ideal dipole field, which is expressed as a function of

position and orientation. 8 is the angle between the direction of
moment and the y-axis. ¢ is the angle between the z-axis and the
direction vector when the moment is projected on an xz-plane.

II. RESULTS AND DISCUSSION

The position accuracy was verified experimentally for the
system. Fig. 3 shows the capturing results when the marker
is located on the cardinal point (cf., Fig. 1) with parallel to
the y-axis. The marker was swept every 10 mm step along the
z-axis, z-axis, and y-axis within the range of 100 mm by the
three-dimensional-axial scanner (made of nonmagnetic resin,
cf., Fig. 2). The positions captured from measured induced volt-
ages by pickup coils and calculated by (1)~(3) are represented
by circle as z-axial, square as z-axial, and triangle as y-axial re-
sults, respectively, in Fig. 3. A good linearity correspond to the
actual displacement was obtained at each axes. Relative position
accuracy of each point to point was evaluated and expressed av-
erage value * standard deviation; results are as follows: 0.37 +
0.26 mm as z-axial displacement, —0.43 % 0.40 mm as y-axial
displacement, and 0.03 & 0.54 mm as z-axial displacement, re-
spectively. According to the results, relative position accuracy
was less than 1 mm.

To capture exact motion of the object with maker, also an at-
titude angle of the marker is required. Therefore, attitude angles
were evaluated at various positions. Fig. 4 shows the evalua-
tion results for relative attitude angle of § when the marker was
rotating in a zy-plane at a point with coordinates, (0, 100, 0),
(—50, 50, 50, (—50, 100, 50), and (—50, 150, 50), respectively,
where 8 = 90° was defined when the marker was aligned with
y-axis. As shown in Fig. 4, approximately correct attitude angles
were acquired. However, the system could not acquire the cor-
rect attitude angle while the deviation angle between an exciting
field vector and a normal vector of marker approached to be at a
right angle (cf., § = 0°,180° in Fig. 4). This is a simple reason:
because the marker is not excited efficiently and it reduces the
SNR. Fig. 5 shows the relation between the SNR and the rela-
tive position accuracy, where the noise level of the system was
defined 1 pV. As shown in Fig. 5, the position accuracy is ob-
tained within 1 mm at SNR above 50.
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In addition, the capturing speed of the system was 1 Hz (one
capturing per second) under synchronized operation of two mul-
timeters: total time for voltage acquisition is about 780 ms and
the time of about 210 ms is needed for calculation.

As a result, the system is capable of capturing motion of the
marker wirelessly with a high accuracy in millimeter scale.
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IV. CoNcLUSION

A new type of motion capture system using LC resonant
magnetic marker has been proposed and demonstrated. The po-
sition accuracy was less than 1 mm and approximately attitude
angle was acquired at SNR above 50 when the marker was lo-
cated within the space of 150 mm from pickup coil array. Ex-
cept, however, the region of deviation angle between a vector
of the exciting field around the marker and a normal line com-
ponent vector of the marker is nearly equal to 90°. The system
operation speed was 1 Hz by using two multimeters.
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Improvement of the Sensitivity of a High-Frequency Carrier-Type Magnetic
Field Sensor Through the Use of an Edge Extension Structure

M. Sendoh, T. Nakai,*, N. Tachibana™, N. Hoshi**, H. Suzuki**, N. Horikoshi***,

S. Yabukami**, K. Ishiyama™, and K. I. Arai*™*

Miyagi Organaization for Industry Promotion, 7-1¢4-2 Kamisugi, Aoba-ku, Sendai 980-0011, Japan
“Industrial Technology Institute, Miyagi Prefectural Government, 2-2 Akedori, Izumi-ku, Sendai 981-3206, Japan
" NEC Tokin Co., Ltd., 6-7-1 Korivama, Taihaku-ku, Sendai 982-8510, Japan
“~Research Institute of Electrical Communication, Tohoku Univ., 2-1-7 Katahira, Aoba-ku, Sendai 980-8577, Japan

Improvement of the sensitivity of a high-frequency carrier-type (HFC-type) magnetic field sensor through
the use of an edge extension structure is reported. The HFC-type magnetic field sensor is composed of a rectangular
CoNbZr thin film with a coplanar-structure Cu thin film as an electrode. The edge extension structure causes
reduction of the sensor’s demagnetization field effect. A variation in the sensor impedance was obtained as a function
of the external magnetic field for edge extension lengths ranging from X= 0 mm to X= 1 mm. The length of the sensor
was 1 mm, the thickness was 2 um, and the widths were 20 and 80 um. It was demonstrated that the gain of an
HFC-type magnetic sensor with an edge extension length of X= 1 mm was three times higher than that of a sensor
with an edge extension length of X = 0 mm. This result shows that an edge extension structure improves the
sensitivity of an HFC-type magnetic field sensor.

Key words: high-frequency carrier-type magnetic field sensor, edge extension structure, impedance characteristic,
improvement of sensitivity, magnetic thin ilm
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Fig. 1 Schematic illustration of the HFC-type sensor
with an edge extension structure.
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Fig. 3 Photographic view of the fabricated
HFC-type magnetic field sensor.

Fig. 4 Domain structure of the sensor (width = 20
um, X = 1 mm).
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Enhancement of High-Frequency-Carrier Type Magnetic Field Sensors
by Controlling the Annealing Temperature

Y. Murayama, T. Ozawa, N. Horikoshi, S. Yabukami, K. Ishiyama, and K. I. Arai
Research Institute of Electrical Communication, Tohoku Univ., Katahira 2-1-1, Aoba-ku, Sendai 980-8577, Japan

We designed high-frequency-carrier type thin-film sensors to obtain high impedance change by controlling
the annealing temperature, and investigated the relationships between the noise level, magnetic permeability, and
domain structure. Meander-type sensor elements were fabricated, and a magnetic field resolution of 3.4 x 108

Oe/Hz!”2 at 501 kHz was obtained.

Key words: high sensitivity, high-frequency-carrier type thin film magnetic field sensor, annealing, noise level
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Fig. 1 Schematic view of a sensor element.
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Fig. 8 Noise spectrum of a carrier-suppressing circuit.
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Fig. 17 Domain structure of the sensor element.
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Development of Wireless Magnetic Multi-position Detecting System
Using FFT Analysis

M. Toyoda, S. Hashi, S. Yabukami*, M. Ohya, K. Ishiyama®, Y. Okazaki, K. I. Arai*
Faculty of Engineering Gifu University, 7-1 Yanaido, Gifu 501-1193, Japan
‘Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan

A wireless multi-position detecting system using three LC resonant magnetic markers was developed and
demonstrated. The markers were given individual resonant frequencies of 183 kHz, 487 kHz, and 730 kHz,
respectively. The new measuring technique described in this paper was applied to the system in order to reduce the
acquisition time: the markers were excited by a superposed wave corresponding to the resonant frequencies, while the
voltage signals induced through the pickup coils are separated into each frequency spectrum by FFT analysis.
Regardless of the number of markers, the necessary voltage amplitude of each frequency spectrum can be obtained
easily at the same time. Thus, our proposed system can detect multiple markers at a time. All the positional
accuracies of the three markers are less than 5 mm within 100 mm of the pickup coil array.

Key words: multi-position detecting, LC resonant magnetic marker, wireless sensing, FFT analysis
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B B ORES SRR BRI OVTI, e e | BARTTRHEL A Y AT L MOS AT L 2Ot #RE

> 5 C R TEBESEEBEBDTHD. ELAT AIHATHO
AERENERLSNTODD 0. LOLBHBRINEIASE o kS B o 5. LS
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- ors . . HEAYNEWI EABTSND. UL, LOI—hERWET R
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Table 1 Specification comparison of proposed system with other system.

This paper AC magnetic DC magnetic!? Optical

System LC resonant. magnet.ic AC m.agnetic ﬁe.ld sourcej Permanent magnet Luminescent, Color contrast

marker /Pickup coil | 3-axial magnetic sensor Hole sensor Video camera
Wired/Wireless Wireless Wired Wireless Wireless
Detectable range 50-100 mm < 760 mm <50 mm £30m
Position acuracy 5 mm cubic 0.76 mm cubic 0.3 mm cubic range / 1,000
Detection speed 1 Hz (3 H2)"! 120 Hz 100 Hz 60 Hz
Number of markers =32 <16 <2 <64

*] Under a sufficient number of instruments and CPUs, *2 Under consideration.
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Table 2 Specifications of LC markers.

Marker1 | Marker 2 | Marker 3

Resonant frequency (kHz) 183 487 730
f1 (kHz) ' 182 481 720
f2 (kHz2) 185 | 492 740
Diameter of core (mm) 3 3 3
Coil turns 335 335 280
Condensor (pF) 680 68 33
Inductance (uH) 1026 1598 1546
Quality factor 59 27 27
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markers are detected.
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Fig. 5 Arrangement of the markers and pick-up coil
array.
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Fig. 7 Position unevenness as a function of the S/N

ratio.
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Fig. 6 Calculated position and S/N ratio of each
position.
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Fig. 8 Position calculated by changing Vmks which
have low S/N ratios to theoretical values.
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