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Fig. 2 Fabrication process for the sensor.
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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 980-857 7, 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? at 501 kHz was obtained.

Keyv 'v’}b‘rdsi 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. 14 Domain structure of the sensor element.
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Fig. 15 Noise level dependence of the current density.
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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, -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 résonant 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 gaclg:'ﬁjéQuencsf 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, F¥T analysis

B LC HERMEY - HZAVESRUERE S T A
BHER, FE—ER, &EE, KEHE AU, WMEEE, R

AP THE, KEMHGHE -1 (FT501-1193)
"HAL KB ESBERER, UIBTEERAF -1-1 (T980-8577)

EZ5N5, TIHEOBERBEWERTRT RN DI, <—hid/h
B ERTREOD OEBRIMENZ ENEELNEERS.

Table 1 AR CRIELIZS AT L EMDI AT L EDHIRE
HETERL9FLDDOTHD. FATLITHTHOD
AFLTEUTOL D RERERAET 515, RULTREAT
DTNV ETH D &, KARGERAWEETRRS
TIEe—IE 2 BETIERSN, EHBKOZEEZITEN
Z &, FERTOWTIIT—HDSH A S OFEAIZA - TZBETH
BT TI—H0a T A MHAELIRWESITIIRT
FAEEIT s T &, SREHIORICE TOT— I DEEZEEET
EDRBIZET N AT RERE T 28NS BT DRBEMEDE
BB RN EAET N5, LhL, LOX—hEBWEYR
FLTEINS OREZRFIRETH B EELEND. BR&lIT

1. ELBHIC

ZNETICE—a o5y TFyicf&Eahs 3 KotzEfmic
B BYHEDRBECAFERRT ZRRCDNTI, HREEHR
PERINEFLENTNSY ~9. UnUh SRS
SRR E NI, M2~ — A OEERA
I3 L RN SR T CRREERETT >
EAERBEIRN. T TEELE, TOXDEREUSHA
g3, LOHIERITA YLV ARIER—0 T, LOX—HEIES)
EFALE - HIRHRERRR LR ETo TS, Z0%
KRS T—HIEERB LUy 7 QRS TRE /N
(EASFIRETH Y, Fie LC R—hICER AIREECE RIS
FED T & THAEHNTIEE 7D, BRI, $8STe Stk

DEMIEIE R TERACIRA DFBRICEL TS, SRS
& UTIRIBZERINIC BT AT TV AVETF N5, 2,
SRR LIer— D ORIBE R L BIEAOBIE % FL—2F
BTET, (RENRF—R— REMEETEICT B0 THS. T

NETIZ, ZOFFEEHAWEIRTLAEEEL, 100 mm 3STHD
ZERNICECE LT 1 B0 Lo —hohBB L INsR%E, Sk
B 1 Hz 12, FANERE 2mm U F CRIBTRETH D Z L2558
LT&ERD -9,

OBITIZ, FEOBEICE > TI— I LT ORI ABEED

Table 1 Specification comparison of proposed system with other system.

This paper AC magnetic DC magnetic!? Optical

System LC resonan? magneific AC m.agnetic fie.ld source| Permanent magnet Luminescent, Color contrast

marker / Pickup coil | 3-axial magnetic sensor Hole sensor Video camera
Wifede ireless Wireiess I ered R W‘ire“lé‘ss R Wn'eless
Detectable range 50-100 mm | <760 mm < 50mm <30m
Position acuracy 5 ﬁlm cubic 0.76 mm cubic 0.3 mm cubic ranée ‘/ 1,000
Detection speed 1Hz (3 H)™ 120 Hz 100 Hz 60 Hz
Number of markers = 3¢ <16 <2 <64

*] Under a sufficient number of instruments and CPUs, *2 Under consideration.
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Fig. 1 Schematic diagram of the system.
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Fig. 2 Shape of the L.C resonant magnetic marker.
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Table 2 Specifications of LC markers,

Marker 1 | Marker 2 | Marker 3

Resonant frequency (kHz) 183 487 730

f1 (eHz) 182 | 481 720

f2 (kHz) 185 492 740
Dxameter of core (mm) 3 3 3
Coil turns | 835 335 280
Condensor@® | eso| 68 33
Tnductance (uF) 1026 1598 1546
Qual'ityifactor o 59 27 27
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Wireless Magnetic Motion Capture System
for Multi-Marker Detection

Shuichiro Hashi!, Masaharu Toyoda®, Shin Yabukami?, Kazushi Ishiyama?, Yasuo Okazaki®, and Ken Ichi Arai2
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2Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Sendai 980-8577, Japan

A wireless multi-motion capture system using five LC resonant magnetic markers has been developed and is demonstrated. Each
marker has an individual resonant frequency, 157, 201, 273, 323, and 440 kHz, respectively. A new measuring technique is applied in
order to reduce the acquisition time. In this new technique the markers are excited by a superposed wave corresponding to the all
resonant frequencies, while the voltage signals induced through pick-up coils are separated in a frequency spectrum by FFT analysis.
Regardless of the number of markers, the voltage amplitude for each resonant frequency can be easily obtained simultaneously and
thus the proposed system can detect multiple markers. The positional accuracy for five markers is less than 2 mm within 100 mm of the

pick-up coil array.

Index Terms—FFT analysis, LC resonant magnetic marker, multi-marker, wireless motion capture system.

I INTRODUCTION

IRELESS motion capture for multi-point detection at

close range is a candidate technique for virtual input
devices or medical treatment applications. In such applications,
particularly for measurements of the motion of fingers, the
markers used must be small and free from electric wiring to
allow normal motion. In addition, the location and orientation
of the markers must be known exactly during the measurement.
Furthermore, if a dead angle is likely to occur, an optical method
is unfavorable. There have been several investigations into de-
termining the position of a magnetic object by measuring its
magnetic field [1]-[6]. However, conventional systems require
a comparatively large magnetic object as a marker or the marker
must contain electric wiring, in order to obtain a high SN ratio
for the magnetic signal from the marker. To address this, we
have proposed and developed a wireless magnetic motion cap-
ture system using a magnetically-coupled L.C resonant marker
[71, [8]. The small sized marker uses a soft ferrite core with a
coil, representing a minimal LC circuit with no battery, driven
wirelessly by electromagnetic induction. The magnetic signal
of the marker is detected by a matrix-designed pick-up coil
array. Our proposed system allows the approximate orientation
and the position of a'single marker to be determined accurate
to within 1 mm in a space 150 mm from the pick-up coil array.
It also allows multi-point detection because the system allows
the use of several markers with individual frequencies. In this
paper, we extend our system to detect multiple markers and we
examine the accuracy of the system in detecting the positions
and orientations of the markers.

1I. COMPONENTS AND MEASURING METHOD OF THE SYSTEM

Fig. 1 shows a schematic diagram of the motion capture
system for multi-marker detection. The system is composed of
measurement instruments and a coil assembly, consisting of a
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Fig.1. Schematic diagram of the proposed wireless motion capture system for
multiple markers.

driving coil, LC markers, and a pick-up coil array. The marker
consists of a Ni-Zn ferrite core (3 mm in diameter and 10-mm
long) with a wound coil and a chip capacitor, representing an
LC series circuit designed for resonant frequencies of 157,
201, 273, 323, and 440 kHz. The pick-up coil array consists
of 25 coils placed at intervals of 45 mm on an acryl board,
configuring a matrix layout. Bach coil is made of 40 turns of
polyester enameled copper wire (PEW) around an acryl bobbin
25 mm in diameter. An excitation of 22 V is applied to the
driving coil (10 turns of PEW around the Teflon coil, 200 mm in
diameter) and the markers are strongly excited at their resonant
frequency by electromagnetic induction. However, the system
becomes slow with an increase in the number of markers,
owing to time required to switch frequencies and make multiple
measurements. In this paper, a new signal measurement method
is adopted to increase the system speed. All the markers are
excited simultaneously by a superposed wave corresponding to
all the resonant frequencies of the markers. As shown in Fig. 2,
the induced wave measured by the pick-up coil is analyzed
into a frequency spectrum by FFT analysis. First, the spectrum
is measured without the markers and then the spectrum is

0018-9464/$20.00 © 2006 IEEE
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Fig.2. Signal of LC marker acquisition technique (superposed wave excitation
and FFT analysis).

measured with the markers. The induced voltages of the marker
contributions, Vix, can be obtained by subtracting as vectors
the amplitude of the spectrum without the markers from the
amplitude of the spectrum with the markers. The amplitudes
Vmk measured by each pick-up coil are different from each
other and proportional to the flux densities B that the markers
produce at the location of the pick-up coils. The position and
orientation of each marker is obtained by solving an inverse
problem. However, several values (25 values in our study) of
the flux density at a known location specify the magnetic flux
source. To solve this problem, the generated flux density from
a marker is considered to be a magnetic dipole field. Under
this assumption, the position and orientation of a marker are
calculated using the nonlinear method of least squares by the
Gauss-Newton method [9]

S(@) = f: |BY.. - Eﬁi{(p‘)l? — Minimum (1)

=1
Bca.l(@ - 47_”110 { 7,? + ,,.7:5 ( )
ﬁ: (xvyaz79a¢aM)' (3)

Here S(7) is an objective function (the least squares value), 4 is
the coil number, 72 is the total number of coils, B'I(;‘)aas is the mea-
sured flux density, BE;)} is the theoretical flux density that takes
into account the magnetic dipole field, 7 represents the param-

eters of the marker, M is the magnetic moment, (z, y, 2) is the
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position of the marker, and 7 is an ideal dipole field expressed as
a function of position and orientation. As shown in Fig. 1, ¢ is
the angle between the z-axis and the direction vector when the
morment is projected on an xy-plane and @ is the angle between
the direction of the moment and the z-axis.

Fig. 3 shows the frequency dependence of the induced voltage
from the markers. Sharp signals due to LC resonance of the
markers were observed and there is no influence on neighboring
signals from the skirts of the signals. In practice, the superposed
wave, which is composed of ten frequencies corresponding to
upper and lower peaks (f1 — f10), shown in Fig. 3 was used for
excitation.

0. RESULTS AND DISCUSSION

The position accuracy was verified experimentally for the
system. Fig. 4 shows the detected positions and Fig. 5 shows
the detected orientations when the five markers were lined up in
five ranks parallel to the y-axis at 20-mm intervals. The markers
were swept from y = 50 mm to 150 mm in 10-mm steps along
the y-axis in the zy-plane at z = 50 mm, 0 mm, —50 mm (refer
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Fig. 5. Evaluation results for ¢ and 6 (zy-plane at 2 = 0 mm).

to Fig. 1 for the coordinate system). As shown in Figs. 4 and
5, results can be distinguished to less than 1 mm and the posi-
tion accuracy for each marker is within 2 mm. Approximately
correct orientations were obtained when the markers were lo-
cated up to 100 mm from the pick-up coil array. These results
show that the system is capable of simultaneously capturing the
motion of multi-markers wirelessly with a high accuracy. How-
ever, the detected positions were deflected toward the y-axis (the
center axis of the pick-up coil array) gradually as the marker po-
sition increases over 100 mm from the pick-up coil array. Ac-
cordingly, the deviation of the attitude angle ¢ increases gradu-
ally up to about 10 degrees. A maximum positional deviation of
around 6 mm was observed for markers located at (80, 150, 50),
(80, 150, 0), and (80, 150, —50), whereas, as shown in Fig. 6, the
intervals between adjacent markers were less than 3 mm in terms
of relative position accuracy. The relative error of the measured
position of all the points at intervals between adjacent markers
was evaluated and expressed as an averaged value with a stan-
dard deviation. The results are as follows: 19.03 = 0.88 mm at
Mk1-2 (interval between Marker 1 and Marker 2), 18.794-0.25
mm at Mk2-3, 19.88 + 0.65 mm at Mk3-4, and 20.55 4+ 0.41
mm at Mk4-5.

The increase in the detection error for large distances is
thought to be due to the relation between the size and arrange-
ment of the driving coil and the pick-up coil array, though the
exact cause of these deflects is not yet clear.

IV. CONCLUSION

The performance of a proposed wireless magnetic motion
capture system for multi-makers was evaluated for five L.C res-
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onant magnetic markers with individual resonant frequencies.
The positional accuracy of the markers was found to be less than
2 mm and the approximate orientation of a marker could be de-
termined when the marker was located within 100 mm?, up to
100 mm from the pick-up coil array. However, the detected po-
sitions were deflected toward the y-axis (the center axis of the
pick-up coil array) gradually as the distance of the marker from
the pick-up coil array increased.
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Abstract

Background: The feasibility and accuracy of sentinel lymph node (SLN) biopsy examination for breast cancer patients with clinically
node-negative breast cancer after neoadjuvant chemotherapy (NAC) have been investigated under the administration of a radiocolloid
imaging agent injected intradermally over a tumor. In addition, conditions that may affect SLN biopsy detection and false-negative rates
with respect to clinical tumor response and clinical nodal status before NAC were analyzed.

Methods: Seventy-seven patients with stages II and III breast cancer previously treated with NAC were enrolled in the study. All patients
were clinically node negative after NAC. The patients then underwent SLN biopsy examination, which involved a combination of
intradermal injection over the tumor of radiocolloid and a subareolar injection of blue dye. This was followed by standard level I/IT axillary
lymph node dissection.

Results: The SLN could be identified in 72 of 77 patients (identification rate, 93.5%). In 69 of 72 patients (95.8%) the SLN accurately
predicted the axillary status. Three patients had a false-negative SLN biopsy examination result, resulting in a false-negative rate of 11.1%
(3 0f 27). The SLN identification rate tended to be higher, although not statistically significantly, among patients who had clinically negative
axillary lymph nodes before NAC (97.6%; 41 of 42). This is in comparison with patients who had a positive axillary lymph node before
NAC (88.6%; 31 of 35).

Conclusions: The SLN identification rate and false-negative rate were similar to those in nonneoadjuvant studies. The SLN biopsy
examination accurately predicted metastatic disease in the axilla of patients with tumor response after NAC and clinical nodal status
before NAC. This diagnostic technique, using an intradermal injection of radiocolloid, may provide treatment guidance for patients
after NAC. © 2006 Excerpta Medica Inc. All rights reserved.

Keywords: Sentinel node biopsy; Necadjuvant chemotherapy; Clinically node negative; Intradermal injection

Currently, the status of the axillary lymph nodes remains Recent studies report identification rates of more than

the most important prognostic indicator for breast cancer
and helps the physician in guiding adjuvant therapy.
More than 40 peer-reviewed pilot studies published be-
tween 1993 and 1999 have established the validity of
sentinel lymph node (SLN) biopsy examination technique
for clinically node-negative breast cancer [1], and the
SLN biopsy procedure has become the standard of care
for axillary staging in these patients.

* Corresponding author. Tel.: +81-3-3542-2511; fax: +81-3-3542-3815.
E-mail address: takinosh@ncc.go.jp

90%, with false-negative rates ranging from 2% to 10%
{2,3]. To ensure a high SLN identification rate and a low
false-negative rate, some relative contraindications for SLN
biopsy examination have been established: these include T3
or T4 tumors, multicentric or multifocal lesions, a large
biopsy cavity, previous axillary surgery, previous chest-wall
irradiation, and neoadjuvant chemotherapy (NAC) [4,5].
The application of SLN biopsy examination in NAC-
treated patients may, as in nonneoadjuvant chemotherapy
groups, identify patients who do not necessarily require an
axillary lymph node dissection (ALND). Several studies

0002-9610/06/$ — see front matter © 2006 Excerpta Medica Inc. All rights reserved.
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Table 1
Patient demographics
Number of patients

Age, y

Mean 51.1

Range 27-15
Clinical tumor size, cm*

Mean 4.82

Range 2.7-12
Tumor classification®

T2 50 (65.0%)

T3 24 (31.2%)

T4 33.8%)
Lymph node status*

NO 42 (54.5%)

N1 28 (36.4%)

N2 7(9.1%)
Tumor type

Invasive ductal 74 (96.1%)

Invasive lobular 3(3.9%)
Type of NAC

FEC plus paclitaxel 73 (94.9%)

Paclitaxel alone 4(5.1%)
Clinical response of the tumor

CR 41 (53.2%)

PR 28 (36.4%)

SD 8 (10.4%)
Pathologic response of the tumor

pCR 17 22.1%)

pINV 60 (77.9%)
Pathologic nodal status

Negative 47 (61.0%)

Positive 30 (39.0%)

CR = complete response; FEC = fluorouracil/epirubicin/cyclophosph-
amide; PR = partial response; SD = stable disease; pCR = pathologic
complete response; pINV = pathologic invasive.

* Before NAC.

have evaluated the use of SLN biopsy examination in pa-
tients with breast cancer after NAC but results are varied
and inconclusive [6—-14].

Recently, several studies have shown the feasibility and
accuracy of SLN biopsy examination using peritumoral
injection of radiocolloid for patients with NAC-treated
breast cancer. However, false-negative rates varied consid-
erably among these studies [6—13]. It is possible that tumor
response to chemotherapy may alter or interrupt the lym-
phatic drainage, thus causing the lower SLN identification
rates and higher false-negative rates as opposed to nonneo-
adjuvant studies. Our hypothesis is that the lymphatic flow
within the skin lesion overlying the tumor is less damaged
by the chemotherapy than that in the parenchyma surround-
ing the tumor, except in T4 tumors. Thus, the usefulness of
SLN biopsy examination with intradermal injection of ra-
diocolloid for patients with NAC-treated breast cancer has
yet to be established.

The aim of this study was to determine the feasibility and
accuracy of the SLN biopsy procedure using intradermal
injection of radiocolloid over the tumor in clinically node-
negative NAC-treated breast cancer patients.

Methods

Between May 2003 and January 2005, 77 patients with
T2-4N0-2 breast cancer underwent NAC with SLN biopsy
examination plus ALND performed by a single surgeon.
The pathologic diagnosis was established by core needle
biopsy examination in all patients.

Patients younger than 65 years of age received 4 cycles
of 5-fluorouracil (500 mg/m?)/epirubicin (100 mg/m?)/cy-
clophosphamide (500 mg/m®) plus 12 weekly cycles of
paclitaxel (80 mg/m?), and patients older than 65 years of
age received 12 weekly cycles of paclitaxel (80 mg/m?)
alone. After NAC, we enrolied the 77 clinically node-neg-
ative patients in this study.

Lymphatic mapping was performed using a 3-mL com-
bination of blue dye (Patent blue V; TOC Lid, Tokyo,
Japan) and 30 to 80 MBq of technetium-99m-labeled
Phytate (Daiichi RI Laboratory, Ltd, Tokyo, Japan). The
day before surgery, the radiotracer was injected intrader-
mally into the area overlying the tumor, and blue dye was
injected into the subareolar site intraoperatively. For non-
palpable lesions, injections were performed under mammo-
graphic or ultrasonic needle localization. Sentinel lymph
nodes were identified as being stained blue, radioactive, or
both. The SLN biopsy procedure then was followed by a
standard level I/II ALND.

All sentinel nodes were evaluated histologically by sub-
mitting each node as a 3-mm to 5-mm serial section stained
with hematoxylin-eosin. Lymph nodes submitted as part of
the axillary dissection were totally submitted and evaluated
using standard hematoxylin-eosin staining.

Results

Patient characteristics, type of chemotherapy, clinical
response of the tumor, and pathologic findings are summa-
rized in Table 1. All patients underwent breast-conserving
therapy or mastectomy and were clinically node negative at
the time of surgery.

As shown in Table 2, the overall SLN identification rate
was 93.5% (72 of 77). Of the 72 patients in whom an SLN
could be identified, 24 (33.3%) had positive SLNs. Within

Table 2
Results of sentinel node biopsy examination

Number of patients

Total number of patients 77
SLN identified 72 (93.5%)
SLN positive 24 (33.3%)
SLN was only positive lymph node 11 (45.8%)
SLN identification method
Radiocolloid and blue dye 53 (73.6%)
Radiocolloid only 11 (14.3%)
Blue dye only 8(11.1%)
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