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Abstract ; Eddy current in MRI systems degrades gradient field linearity and distorts gradient waveform. When the waveform distortion
is spatially variant, it is very difficult to perform special imaging techniques such as the echo planar imaging technique or the fast spin
echo imaging technique. In this study, we have developed a new technique to estimate the distorted gradient waveforms at any points in-
side the imaging region using the finite element method. After obtaining the eddy-current-effect transfer function, which represents mag-
nitude and phase characteristics of the gradient field at a particular point, we have used the transfer function to estimate the actual gra-
dient waveforms at the point. To verify the proposed technique, we have compared the estimated gradient waveforms with the measured ones.
Key words ; Eddy current, finite element method, magnetic resonance imaging, eddy current effect transfer function, induced-current im-

pedance tomography

N = dHE AFdY HAZde &9, 715944 (functional

imaging), %% A (spectroscopic imaging) 5 Z¥ 7|5

713 RG4S 1970¢d) 2 H22 J)uE oy 2 ¥opHQ ZYHEo| F43H s £50 o2 oy 15 #9Y
2 T AAAE detd oz A% AAAAA ARG A}

(&mER) g0} sfed, ol Fased 44 2 AhEe AAAAR

B =Fe 3FA3Ad AT AT (AN E 0 971-0913-077-2 N

EoLE LA IAe MRTITOMNE BBOTID gy % mag 9 A 4 sAAd AESE U

FAA7 1 o), (380-701) 3% 374 FYF 322 (eddy current)a} & Zojt). AAAAZY FHd Y= =AH)
Sy Ak s 2t 344, 27929 5 U8 ol A F Yok 2 F

Tel. (0441)840-3764, Fax. (0441)851-0620



54

2o o8 fesc 9
T w4 iz A g uE
A 1, o] Al AAAAZLe] B A9 FHAA
ok SpAfA A BEAE A FU BEE 84 F
ZEY g9 oA AHAA Hed, A FRE A
& AAARARY Y 49 ol 2u2 AR A8 P4
Aol FHE BEE AAAA Yo A 8 A
2o thg & Utk o]F A$, dAF g3 AAAA A
FAdol Astd ¥ o} mAA ) AVARE L HAo 9
d 2= dAFY A7 H¥E AL /Y8 ¢
4 37 330 92 £ % g 29 97y #9 49 W
oAlA F2+ Aol el AA ) Az HFeo] N2 et Hu
AR B o2 gl o gol soln Qe Y AE
M7 % (pre-emphasis) 71Hoz2: JAFE dAsA BAYY
T A 9t oloh e AR AP P FUHAEAHS
uoh A BAsing £AN FERE AAAA S 22s
2 R g odF B4 4xAoz BYse 55
(active shield)7]®§o] #HZd] Bo] 2ojn Uoi[1-56]. 28y}
ol WHo 2k GA{FE ¢AHF oA R B AAF
FUS AFFoz BN AAZ 9P L AARA
Byo] 948 A{ HY7 dohd dEANE A3 d 2o @
Hast 9l
=R e AARA ZY A ds TAA FREB 2
A3 dAfo A8 AARAT} JRA JTE BENE FI
LA E o] §8d go} wotth AAAA L HAAE A}
e o Ao NHAA AAlg FF 2 Y4 FAo| Fakgo
ge} oA W= dehls 4AF 48 A9¥+E Fat
A3, o] ALFFE ol4d Yoo dY AF FHo & =
Y AAA o¥dg A Fsich 29 HAAA H4HE 58
T U 4R Y A2 e R FHEILEANAN o948 1A
2 42 & dd AL d7ANE A A4S A E
P A 4FE 5 U] HEA AN A3
olvt AFE AAs=d $48 F Ade Holg. A4
e AN F2 £HE o4l AAYRE WweEd,
T3 A EAol ud¥FEd ot o vz B3
HEA HFI AFA B =R E AH oz drje oY
o Iy B =2 Agd ez gHF 4% Mg
d, TR A DAdAM 4AF 98 Fadse AL F
T & Aok ENEE 9HF 9% AT JHF 9¢L
RE Foe dodiN BTy o) dojo] YY) g3
A AARA A8 S dFaed AHEE + g ey, EPL
(Echo Planar Imaging) 4t SEPI(Spiral Echo Planar Imag-

-
= |+ S ==Y
. w—

2 23887} : #2034, H1E, 1999

z=0

N~

3
&
S

g 1. féies
2g

Fig. 1. The model used in the FEM analysis to obtain the
eddy-current-effect transfer function
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Fig. 2. Eddy-current-effect transfer functions calculated by the
FEM

(a) In the case of iron structure (Case |, t=100mm)

(b) In the case of Al structure {Case ll, t=100mm)

(c) In the case of Al structure {(Case lif, t=5mm)
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Fig. 3. Gradient coll driving current waveform. Rising time, fall-
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respectively.
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Fig. 4. Estimated magnetic field waveforms using eddy-current-
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Fig. 5. Estimated magnetic field waveforms using eddy-current-
effect transfer functions calculated by the FEM. The lines repre-
sent the waveforms at the points A, B, and C in the case Il
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Fig. 8. Estimated magnetic field waveforms using eddy-current-
effect transfer functions calculated by the FEM. The lines repre-
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Fig. 7. Magnetic field waveforms measured at the points A, B,
and C in the case | using a small pick-up coil and an integrator.
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Fig. 8. Magnetic field waveforms measured at the points A, B,
and C in the case lll using a small pick-up coil and an integrator
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