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Fig. 1. Pulse sequence for phase-scrambling
Fourier imaging. The quadratic field gradient is
applied for a fixed time 7 to produce a nonlinear
phase scrambling in the x and y directions. The
gradient echo signal appearing at the reversal
of Gx is sampled as a data.
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Fig. 2. Schematic of frequency band width
retrieval of amplitude modulated image by sup-
posing the object function as a real-image.
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Fig. 3. Schematic of iteration algorithm for ob-
taining high-resolution image ; (a) PSFT echo
signal with zero data filled, (b) Fourier trans-
form of signal (a), (c) reconstructed image by
demodulating the quadratic phase, (d) quadrat-
ic phase modulating the real part of the image
(c), (f) inversely Fourier transform of ampli-
tude modulated image (d), central data of N
points are replaced by the collected PSFT sig-
nal.
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(c) PSFT band-expanded

Fig. 4. Simulation results of reconstructed im-
ages and its profile on the A-A’ line (a) Fourier
reconstructed image, (b) reconstructed image
using PSFT signal, (c) reconstructed image us-
ing PSFT band expanded signal(proposed
method).
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Fig. 5. Simulation results of band expansion by
iterative algorithm, (a) initial signal data, (b)
signal after band expansion, (c) comparison of
band-expanded signal and wide-band signal.
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Fig. 6. Simulation results of resolution im-
provement as a function of spatial coordinate.
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the proposed iterative algorithm.
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Fig. 9. Simulation results using an MR image model. (a) reconstructed
image using PSFT signal, (b) reconstructed image using PSFT band-ex-
panded signal.
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Fig. 10. Experimental results using water
phantom. (a) PSFT signal, (b) band-expanded
PSFT signal, (c) reconstructed image using
PSFT signal (a), (d) reconstructed image us-
ing PSFT band-expanded signal (b), (e) real
part of smoothed image (c) which was used for
phase map on the image, (f) reconstructed im-
age using Fourier method.
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Fig. 11. Experimental results of resolution im-
provement as a function of spatial coordinate.
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A New Fast Scan Technique Using a Super-resolution Algorithm
in Phase-Scrambling Fourier Imaging

Satoshi ITo!, Na Liu?, Yoshifumi YAMADA!

Department of Information Sciences, Faculty of Engineering, and
2Graduate School of Engineering, Utsunomiya University
7-1-2 Yoto, Utsunomiya 321-8585

We propose a new fast scan, phase-scrambling Fourier imaging technique (PSFT) that acquires
data similarly to the standard Fourier technique. The local spatial frequency of phase modulation of
the Fourier-transformed image in PSFT increases with distance from the center so that the PSFT
signal can be lengthened under the condition that the reconstructed image is a real-value object in the
super-resolution algorithm.

We performed simulation and experimental studies using a 0.0187T MR scanner and the new
method to improve image resolution. Spatial resolution improved in proportion to the distance from
the center of the quadratic phase modulation function, irrespective of amount of noise. The improve-
ment of resolution depends on the phase modulation parameter and the maximum of it was twice that
using standard imaging.

The proposed method has 2 advantages over the half Fourier imaging method ; additional data ac-
quisition is not required to obtain phase mapping, and 2 kinds of image data are obtained, i.e., stand-
ard resolution with phase information and high resolution image without phase information.
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