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--- Input voltage waveform to the gradient system

——0Qutput current waveform of the gradient system

--- Input voltage waveform to the gradient system
—Qutput current waveform of the gradient system
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b

Fig. 1. The gradient waveform for the spiral imaging. The input voltage waveform is shown in dotted lines, and output cur-
rent waveform is shown in solid line (a). The current waveform is obtained using the model of the gradient system shown

in Fig.3. The initial period of the waveform is zoomed in (0).
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Fig. 2. The k-space trajectories from the voltage and current
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cles, respectively.
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Fig. 4. Phantom images obtained by the 8-interleaved spiral scan imaging. (0) Reconstructed images using the k-space trajec-
tory from the input voltage waveform to the gradient system. (o) Reconstructed images using the k-space trajectory estimat-
ed by the current waveform of the gradient system by the proposed model. Note the ring artifact due to the overshoot in (0,
while such artifact is completely removed in (0). Also the uniformity is much improved in ().

b
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Fig. 5. Multi-slice in-vivo head images obtained by the 8-interleaved spiral scan imaging. Reconstructed images without gra-
dient system model (Q), and with the proposed gradient system model (b). Note that the overshoot artifact in (Q) is removed
in (b) as shown with the white arrows. Also note the improved uniformity in () compared to (Q).

a
Fig. 6. Multi-slice in-vivo head images obtained by the 6-interleaved spiral scan imaging. Reconstructed images without and
with the gradient system model are shown in (0) and (), respectively. The same gradient model is used.
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Model-based Gradient Compensation in Spiral Imaging
S.H. Cho?, PK. Kim', ].W. Lim? and C.B. Ahn'

'Department of Electrical Engineering, Kwangwoon University
’ISOL Technology Co.

Purpose : A method to estimate a real k-space trajectory based on a circuit model of the gradient system is
proposed for spiral imaging. The estimated k-space trajectory instead of the ideal trajectory is used in the
reconstruction to improve the image quality in the spiral imaging.

Materials and Methods :  Since the gradient system has self resistance, capacitance, and inductance, as well
as the mutual inductance between the magnet and the gradient coils, the generated gradient fields have
delays and transient responses compared to the input waveform to the gradient system. The real gradient
fields and their trajectory in k-space play an important role in the reconstruction. In this paper, the gradi-
ent system is modeled with R-L-C circuits, and real gradient fields are estimated from the input to the
model. An experimental method to determine the model parameters (R, L, C values) is also suggested
from the quality of the reconstructed image.

Results : The gradient fields are estimated from the circuit model of the gradient system at 1.5 Tesla MRI
system. The spiral trajectory obtained by the integration of the estimated gradient fields is used for the
reconstruction. From experiments, the reconstructed images using the estimated trajectory show im-
proved uniformity, reduced overshoots near the edges, and enhanced resolutions compared to those us-
ing the ideal trajectory without model.

Conclusion: The gradient system was successfully modeled by the R-L-C circuits. Much improved recon-
struction was achieved in the spiral imaging using the trajectory estimated by the proposed model.

Index words :  Spiral-scan imaging
Eddy current compensation
Circuit model of the gradient system
K-space trajectory

Address reprint requests to : Chang Beom Ahn, Ph.D., Department of Electrical Engineering, Kwangwoon University
447-1 Wolgye-dong, Nowon-gu, Seoul 139-701, Korea.
Tel. 82-2-940-5148 Fax. 82-2-909-3159 E-mail: cbahn@kw.ac.kr

-21-



