SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

RS & BT RAEEZ AWM T / ALFA
A=V T 2T LDREFE

B, &
UMNARZRZRY A7 LABBHNFREIEFLFER : BIRARE

LR, K i
AMAZAZRES 27 AEBNFHESETIXER © B3R
Ell, B% ]
AMAZXRZRES 27 AEBNYHESETIXER © B3R

S M, &

AMAZRERES 27 AEBNETRRES Y 27 LT« £
fto

https://doi.org/10.15017/1468075

HARIEER « LN KRERFRRSY 2T ABRBFLE. 19 (1), pp.7-12, 2014-01-24. I KFBRFFRS R
T LIERBI TR
N—o30:

HEFIBAMR



TR ZER 2R
AT LFHBALE
H19% H1e EA264FE 1A

Research Reports on Information Science and
Electrical Engineering of Kyushu University
Vol.19, No.1, January 2014

AR & iR EVE & Wi T R A A=V
VAT LDOR%

H oA e Aol REx> - BE)I| ZAvr « S5 AeE - PqE i e
Magnetic Particle Imaging System Utilizing Orthogonal Gradient Field and

Harmonic Signal Detection
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Abstract: We developed a magnetic particle imaging (MPI) system using harmonic signal detection. To

improve the spatial resolution, we added an orthogonal gradient magnetic field to MPI system. Two

adjacent magnetic nanoparticle samples were detected using the second and third harmonic signals,

which were generated from the nonlinear magnetization of particles. We found that the spatial

resolution significantly improved by using the gradient magnetic field in each case without affecting

the strength of the signals. Two samples, which located at distance of Z = 28 mm with separation of §

=20 mm, were clearly identified. Since the second harmonic signal showed complicated behavior when

distance Z changed, third-harmonic signal detection is suitable for the MPI application.
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Fig. 1 (a) Magnetic marker (b) Gradient magnetic field
and FFP; (c) Magnetization curve of MNP.



-8- B e - B s - PR

% ZC, Fig. 1b) T X912, FLas€ e CHEEHIE
o THESETRE & 2RI AT D BIRESS Hon 2 0 2 72356
WZiE, iR (Hor=0) fHETLMEER 225, =
OFLEROEIILE Y FFP  (Field Free Point) & FEIEHU
5. ZOHRWS & FFP OFIHIZEL Y, MPI A7 A0
ZER S ERE R D D T L MATRE L 72 D . 7B, ARIFZE T
EURIBESS & BLURRGSS & LTz,

3. BIRIESRIERER

3.1 REBREE

ARETIE, #EYRERBEZHERT 272012, 28D
HLRYs Hae & RIRFIC BRI Hae % > 7 VICHIIN L T2 & &
DEFHWIE B O EMA. Hae & Hae OI1E & LT,
WHENTAT (Had | Hae) D& L ERT 5 (Hael Hao) %
D %~

Fig. 2 13 E SHEH OEBRIEE TH 5. £ 0LE
ZHDY LA Raf vEROTRROBERR (H.) %
FAESED. ZORNE A VITEEEREZ B S,
LRI & AT IR EIRIE S (Hae) 2FET D2 ENHKD.
ZOHEINE, HalHae L7205, —J5, Fig. 2173 =20
*f L 7e =2 A JAZIR G T 72 B B A i, Hae & EAL
TR Hae 2> 7 VITHIING 5 Z & Sk, Hae L Hac
Ls.

P F e LTiE 100 ug @ MS1 (FHilk®> MR &7
Resovist DRIFENRRKEINLD) AW, 72, Vo7
NEBELSBFTNZBWT, YV /A Rafd vBMEDBEL 4
mT/A, %t L7z a4 VBREDLS1E 4.5 mT/A TH 5.

. VPick up coil

| 100 z2g MS1

—— Ac Field
— Dc Field

[ Solenoid coil

Fig. 2 Experiment setup for harmonic signal

measurement.
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Fig. 4 The harmonic signals when Hac L Hac.
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Fig. 5 MPI system using magnetic gradient field.
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Fig. 6 Third harmonic signal when the sample is moved
in x direction. The current supplied to the gradient coil is

changed from 0 to 2 A.

Table 1 The peak and width of signals when the
strength of the gradient magnetic field is changed.

0 0 5.7300 76.3
0.5 0.7 5.58 64.0
1 1.4 5.68 48.0
1.5 2.0 5.43 40.7
2 2.8 5.22 32.7
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Fig. 7 Third harmonic signal from the two adjacent samples when the samples are moved in x direction. Spacing

between the samples are (a) § = 25 mm; (b) § = 20 mm; (c) § = 15 mm.
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Fig. 8 Contour map of the magnetic field when the
samples are scanned in the xz plane. Two samples are

located with spacing of & = 20 mm.
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Fig. 9 Second harmonic signal from two adjacent samples when the samples are moved in x direction spacing between

the samples are (a) § = 25 mm; (b) § = 20 mm; (¢) § = 15 mm.
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