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(Development of an Active Magnetic Noise Shielding
System for a Permanent Magnet Based MRI)
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Abstract

In this paper, we introduce a magnetic noise shielding method to reduce the noise effects in
permanent magnet based MRI systems. Through FEM electromagnetic analyses, we have shown
that the magnetic noise component parallel to the main magnetic field is the major component that
makes various artifacts in the images obtained with a permanent magnet based MRI. Based on the
FEM analyses, we have developed an active magnetic noise shielding system composed of a
magnetic field sensor, compensation coils, and a coil driving system. The shielding system has
shown a noise rejection ratio of about 30dB at the frequency below several Hz. We have
experimentally verified that the shielding system greatly improves the image quality in a 0.3 Tesla
MRI system.
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Fig. 1. A typical shape of a permanent MRI
magnet.
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z-axis coil current. (a) At the center of the
magnet, Pi(b) at the center of the vertical
yoke, P2 (c) at the point 50cm apart from
the magnet side, Ps.
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z-axis coil current. (a) At the center of the
magnet, Pi (b) at the center of the vertical
yoke, P2 (c)at the point 50cm apart from
the magnet side, Pa.

W A 715 8.3(P) ) WellAlel xjs Tl oF 084
TeslaOHH 0.33 Teslaz. 7!-/\3 & oa} 2 9‘11;}‘

W A7) A dPez 4 A1 93 z1~L



003% 5F TFTHEH
WEe W3 gaskglon] o) dgen 47 7%
f=9) AANGe] sl T, wep] GFA U 4
& UREE O A5Fe & 4 Aok GTA el
o) A WE o] dTAA FAelA] A T
& of 3006 7] FL o 5 Uk F9E molo] A

o]

TE Wl v & BgeE A e U
W7 S Pellde) AEUEE <o
Bl@>ell, 7 715 22 o] A Pellrle] Ang
< 6>l Bl T AwomRE of

S0cm Eolzl A Pl A UEZE <78 6(c)>o
el 3ol 2Re] 3 AFE 1000049
2 40,000A7HA] A7181dS ) Ak o)) 9l
A Pl A9 2 5= oF 47GaussollA 2F 49Gauss
7] 71 & 5 9tk o] u ol FAlA p
oAxe] A W= 031019 TeslaolA ©F 0.06 Gauss
HagE o 5 vk £ 71 232(P) Welr =}
% "WEs oF 082 Teslaol4] 00011 Tesla Z7)3ke
& g oltk & y-F Wt 2] 3heS 53 7% 93
WA Hre] wMalE =7 fielR] ekow] weli
g 7 W A% o] Wy 37 0] ke

T olek o] &4 Az wed T Wt 5
W E fyiEle 2] A FAM wekn o
WO R folEis A7) gl uls] 1 cdgke)
woold 2RS4 qloh b ol
Alzgelld 27] ate-g BAbelr] $13 HEd
A7) A Alzgle AR Qo] FabA| wheka)
AT w3 kg malepd don 428 =
7 9ok

A

a1

p3

e B

o

M. SsS¥ X7 &S Aol AlA=He] M|

7] Zeel =719k oFels MRI Al2we] 3]s
ke #7el vz} w9 Z o7} gl °F 5mGauss
o] A7l Ahgol = Aol odske] =A) v}
ebdrh 5mGauss®] W3he 54 o] A)3e-% Fut
ol o 21HzS] Fube WS 29sk=d] 2] zke
ol @7} Azdel wel WEsh= A9 Aly)meieda)
Azl ookt szl fkElo] edabel artifactr}
vehAl fel dAgellx] 713 ule o] FxlAe)
ke g WEke A7) 3hgo] 2 MRIY]
gel] 2 Aol e FxpA ulako zo
S B Al Aslsich

Erg
g

(183)

%40 & SCH % 3% 93

HRTE A &

/

Flux gate

PID

v-l
converter
& el

compensator power

driver

28 7. 5% A Al s s
Fig. 7. The schematic diagram of theactive mag-
netic shielding system.
<R ool FEY A7NE AulAsRe) FHES

o]
h=]

[e]
=

epdisdch A7) 3t A7 g 2zl
MRI Alz=glo] Ao} 9l Axpajatal) Al ol Adx|
siolcth AxptabslAde] S 282 Ak 9] 9
slof BAbEAlS HAlglwAle) Sl maleie} o))
A B2Azle] AdAsigic) RAzde whiA ome) £
Aoz st Zzk 203] Flol FAsglen, o] w B
dzdel DC AR 6Qolsitk. mArzo)
Helmholtz 735 2= 3 Fo] £ 24 B4
7I& 5 AR Axa} 2 uel ghee] A%
slefoltt sk B4 mAkmde] #Ake Hxla}xly)
Aol mAz] Jelg wE St ik Arlstiwal
e e K i R L P e P Rt A B RS )
fluxgates A3t Fluxgates= MRIE F214 ol
Ae x23hEe] FHsA ez FApMomye of
2m AE Goixl el AAsgch ARE fluxgat

4= Bartington Akl Mag-0322 3% 7|3 AlAfe]
A= 100V/Gausselvh BAFRAE Axlulats)al
EAjejell Adxsfolit slr] wiitel HAlwals|Ale] =}
Afel FA=E PR Fge pHslopt ot =
HAFL 2F AFE A7k afapizh P4
3, o] AFAAE A el RS ki) o
PR o] Bakz o] A7} A st
Al "ok Aol B4 Fulgr)l 2442 ojd R}
Bol k] wiEel mAlmede] whel AR

A e F) £ e4E oksjAA Hok o]

A
Ly

HEs



9 4774 MRIZ 418 559 Al

T dgs AR 98l 2 Hz Fl poleo] $le
l-pole BAoZ 254 EAE ndsle] nAts 29
AAl A8siodcl 4] Hz °]’“-°4 A7) A A
Atz sl el ols) Ao Fosng r)zke 2y
Al22eloflA] 31e3}A] -O}E e}l Fluxgate®) 3% W
F 21k AEEE AA4d JEA(AL AL A
= T UAEFE AR oV AApdlA 7)E] vl 7
% W A¥o] FE A%e vlAE A, /15
X ﬂ?&"% 2] A E2L Ao ki
o} o e S Fwslr] 918 PID(Proportional Integral
Derlvatlve)"n‘ﬂf\‘}(feedback)_‘i’_"&ﬂ% ARl AZRAL7
) F(pole) 2 3 (zero)S AMAE L A} 7P
&g olg3led wlAl £Ao] 753tES slgir). AF
B8 AL Axsatgde] oldF &de] s
FAE= ¢ Hz $29 FHE vl g o=
OP AmpE AHE3E vlir|2 F3sisict Agknalr]e]
6L Ag-AF HIL A oA %Ei}ii &
7k o] eS| 2w BAZY AR AEE

g ¥ARS Icf s ®lo) BAksR Z’”J’P‘*"ﬂ
Al AT AR FRe FEAR 5 AR
(dc field)& fluxgate &8l =FHo|(de offset)Z f
ehimg zlgale] wAs|eg sk

V. Ad 2 A

oHollA fslEl= AR Wl BrEsieR
BARIe] Al ool AMSE)= i3l AP
i AR Aes AR rlshy] fsiA
T 9] 2 Alssle Absigiek & A7) Ahe-e A
Azl 9AgF A o] T kol AT rAFIE
ek 2] A Ads] A ZY& 1200mn
(W) x 1200em(D) x 600mm(HDS] =78 A=A}js}ai= Al

FAlRo MAZE AME SR S| Tl 2

AFs9l8- 3260mm (W) x 3960mm (D) x 2450mn(H) =7)
2 Az S e el £
th 273 AdRUS o]gsle] BAkEA el 15
mG, »2] A8} A7) ASS AR D, <o 7>l
Bl BT FE3RE o83l Az By
HAFE Q7SI 030z 1Hz SHz 10Hz 30Mz9 3¢
ol AV BAASE S A9E <ad 8>
of ®oirk 30 Hz ol3te] & Foold= 30 dB
ol o] BAMAINI} dojA, Fupvl oA BA

7§}'

(186)

L
5]

Ad A 2" 7% A FEN K
[dB]
-10
=15
~20
-25
-0
-35
03 i 3 10 13 20 13 30 [H]
3 8. BF AVIe ALY Fsiie] e
a9 &
Fig. 8. Magnetic noise shielding ratios with respect

17-5 ep 52

to frequency.

CHANNEL §
Trace:

is

Coupling ﬂ

2004

* Gain:
varisble

Gr 1 da-

Dua}

Guad Octal

oc 25 kS/s

1} g auto

17-Sep-02 CHANNEL 1§

19-41°28

Tracs

oFs

wvariable

Br1ds:
Bual
Quad Octal
[0 2.5 kS/s

OC -4 @m
oe B At

(b
. SE A AAE d] AMa) & F24) =
7] XJ* A3 (EH 210 sec/div, T2%:05
mGauss/div)

L
r

. Magnetic noise waveforms (a) before the

active shielding and (b) after the active
shielding (the horizontal axes:10 sec/div,
the vertical axes:05 mGauss/div).



2003F 5H ®WTIZEH

3 10. 55 A7) AAE &) "} (a
(o), (d) A}g-rdedat

Fig. 10. Magnetic resonance images obtained (a),
(b} without the active shielding and (c), (d)
with the active shielding.

(b) g

%9

237} 2143} 30 mGe® 30 Hz A )RRe-8 BAb
3k7] fJ3led mAyzedel oF 25 A, 9 AF} v

ek o] ARG uApmals] =r)7h AL 24
A} 2 Aol Azt nAlmlTEsze o 5

Aol AT FE FEE A
<ad 9a)>dll ¥l A6 A=E= 2pr|xke-g
FAT AAE Rl o] A |AkS 2Adle A
g fluxgate”} M=) o] SAelx] Az} A
el o 5 mGyy TS ok RFET AFE]

sl 7g o 4 9k o] Ay] FLE F2 MR}
A= A% <k FA% ) x}w o1%, F2lol $1:%
Ak Aere] o), a3 AR Aol o Ao

= @R <33 ob >on~ A A A
Azdoz wymle FFakn Qe o 2 Aol
Mol A7 1ake S wetk o] AS BFAD Al
o) AT FFOZ AAHL fluxgate L EE
2o Wzhent 32 veh s 28 S 5 ek
<23 10>oly U9t BHUEbgo A )Ake-g A1)
a7 ghe Ao} AT Aol DL A I

[e]
Byl ARl ok

o} o
LEL

=0l & UL

Dh\

(187

£ AOB SCHE £ 3% 95

(phantom)& AHE3lSic). A7l daiye Arake
& 2A e gradient echo 71HE& AHESISI)
TR(repetition time)¥} TE(echo time)e 242} 500 msec
9} 35 msecelt}l. <a¥ 10(a), (b)>= A7)AE-S 2
37| 452, aela <% 10(c), (d>& =g
Aol &S 919 dAks JERiel <ad 10()>
H <2 100>9) A Ak dges
A7)galze] giabe]

] odabell Alg} artifact7}b
AR <28 10(c), 10(d)>e)A]= o] dAafe] 2bd

(A28
TS

rIol'
et

3] AAE AL Hag 4 glck
V.# =2
B mRolils G7A MRI Alzdleld FaA] )

=
L

For flEe AIRS Aol FE IRy
of Y& vk AL Fkasy A S Es
W3k o] A Azl 7|zl FApA| wbF AR
ANAe-E AdEe 58 APRE AAaEe
Wit 271k A, 243, aBla wAakE

TE7IR ol Feix] A A 2gle Axtale] AFE A
3} 2713 o3 el Qe F= 4 Hz vt
o] Fakg ol 4] o 30dB olAFe ARk Adg

(<

m&

|21KeR
=

]uix 2%

S B]lch= 7S Aoz Elsiodoh sk sl
274 A AR Ariskeow Qlgl odako)
artifacty H7)3 o2 Zelck= AL 03 Tesla 354}

A MRIZ ©]-83F A¥E Fa mylrt

S|

fad

=0
[

[1] M G Abele and H Rusinek, “Field Compu-
tation in Permanent Magnets”, IEEE Transac-
tions on Magnetics, Vol. 28 No. 1, pp. 931~
934, 1992.

M G. Abele, R. Chandra, L Rusinek, and E.
“Compensation
Magnetic Properties of Components of a
Yokeless Permanent Magnet”, IEEE Transac-
tions on Magnetics, Vol. 25, No. 5, pp. 3904~
39505, 1989.

D. Hawksworth, “New Magnet Designs for
MR”, Magnetic Resonance in Medicine, Vol. 17,
pp. 27~31, 1991.

[2]

Potenziam, of Non-Uniform

[3]



9% G772 MRIZ 918 559 A7) 28 A2 71 A

[4] M. Marinescu and N. Marinescu, “Compensation
of Anisotropy Effects in Flux-Confining
Permanent-Magnet Structures”, [EEE Transac-
tions on Magnetics, Vol. 25, No. 5, pp. 3899~
3901, 1989.

[5] E. Potenziani I and H A. Leupold, “Permanent
Magnets for Magnetic Resonance Imaging”,
IEEE Transactions on Magnetics, Vol. Mag-22,
No. 5, pp. 1078~1080, 1986.

[6] T. Miyamoto, H Sakurai, H Takabayashi, and
M. Acki, “Development of a Permanent Magnet
Assembly for MRI”, IEEE Translation Journal
on Magnetics in Japan, Vol. 5, No. 9, pp. 803~
809, 1990.

[7] T Miyamoto, IL Sakurai, H Takabayashi, and
M. Acki, “A Development of a Permanent
Magnet Assembly for MRI Devices Using Nd-
Fe-B  Material”, [EEE Transactions on
Magnetics, Vol. 25, No. 5, pp. 3907~3909, 1989.

[8] Anatoly Podol'skii, “Development of Permanent

= B FGEER)
1933 24t Mgdishe Azpgst
FHFehab. 1986 29 : gkt
7169 A7) 9 ArlgEap
: AP, 1929 89 : dEEEly ey
p; @f Azl wl Azt gEhatab.
1 1989 9Y~199d 29 : ARAIA
AL AREAATE FAFEAAT
A AYdTY 19929 3¥~1999d 29 ASEtm
olFetst W 19999 3Y~FA)] - A gk T4
shefstd wshE)ay gk g-AAlEels]l HA190%
(EA). N7 lFEelwhats] A QEA). <F44]
Fok 2 gddAd, dAFA ], brain mapping 5>

% | H(E&R)

1999 24 : AFdgtn 7 AEst
IHFZEHAD. 2001 2% A s st
o Z|AFEEHEEA A, 2003
W~ FE ek BaelEhy
gl akalEk. 1999 29 ~2000
W 2¥ A JATEs
Z3, 20019 39 ~20024 3¢ &
Az <FAlEo) : o Fod A 2, FAkxiE]>

X A4 N

U

Magnet Assembly for MRI Devices”, IEEE
Transactions on Magnetics, Vol. 34, No. 1, pp.
248~252, 1998,

[9] K Miyata, K Ohashi, N. Takahashi, and H
Ukita, “Analysis of Magnetic Characteristics of
Permanent Magnet Assembly for MRI Devices
Taking Account of Hysteresis and Eddy
Current”, IEEE Transactions on Magnetics, Vol.
34, No. 5, pp. 3556~3559, 1998

[10] Cherrill M. Spencer, David T. Hung, Robert J.
Perlmutter, and Brian Pl Wilfley, “Magnetic
Field Stahility Issues in Magnetic Resonance
Imaging”, IEEE Transactions on Magretics,
Vol. 24, No. 2, pp. 1276~1279, 1983.

[11] T. Katila,
SQUID Sensors”, Advances in Biomagnetism,
Plenum Press, New York, pp. 19~32, 1939.

[12] Herbert A. Leupold, “Approaches to Permanent
Magnet Circuit Design”, IEEE Transactions on
Magnetics, Vol. 29, No. 6, pp. 2341 ~2346, 1993

“Principles and applications  of

F 12 BE&R)

20024 2% : At SEa)st
olshp, W4T YA
FHHTEAD, 2008~ A ©
Bt FAjelatstd Mkt
A, <FAARo): o] BodArA| AH]
ApAIe)>

F T EIEER)
1984 29 : A-eAIRIT) AR}Est
o SGFEAh. 1986 24 1 ¥
FEred A7) 2 "Hxlgste)
- EUEEAAD. 1992 8% gt
| amiza w9 anzes
Y mq)(zEmbap, 19924 9Y~1994
W 8Y R ey AT 1994 11 ~19084
29 A AT 1998 39 ~A) ¢
Zmostn ofshyaty Ra <FPAlRol: omgat

AT, ), A7




