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[ et
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PR "'“"UAUMUAAV' NMR gradient-echo
4—);‘04’ te signal

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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(b) reconstructed
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vk ok,) inverse e p(x,y)
Eq.(2)] Fourier
transform
Eq.(7)
© VEaGl (d)
Fresnel transformed .
F [VFR(x 54 )]

signal Ver(x',y")

Fourier

Eq.(4)| transform
‘/\N\,J\
—_—

(f) reconstructed invers(ee) (wy0,)
image
oo p(x,y)  Fourier *exp{jwf‘ +w§>
transform 4ybt
e

Eqg.(11) .
( VTV -
(w,,m,)

Fig. 2. The signal (a) obtained in the phase-scrambling Fourier imaging
technique can be transformed to the description of Fresnel transform
equation (b). Therefore, image reconstruction can be performed by not
only inverse Fourier transform (from (a) to (b)), but also by inverse
Fresnel transform ; (from (c) to (f)).
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Fig. 3. The Inverse Fresnel transform can be performed by applying an
inverse filter in the Fourier sapce of Fresnel transformed signal. When
aliasing appears in this space, inverse filter does not work correctly over
the nyquist frequency | NAwx/2 | .
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Fig. 4. Proccess flow of image synthesis algorithm ; the signal (a) is transformed to Fresnel sig-
nal (b) by applying phase modulation term exp{ (wx?+ wy?) /4ybt}, standard resolution image
(e) is reconstructed by inverse Fresnel reconstruction and that image is interpolated to 2N image
matrix by zerofill interpolation in the Fourier space. High-resolution image (d) having the same
size of image matrix can be reconstructed by the deconvoluting the Fresnel signal. By using the
images of (d) and (e), partially high-resolution image can be synthesized.

37



HREEREE 55264 15 (2006)

DOTETRHEROERIFEXTEICHRETES
FEnd 0, APTOWRBITH T AEOT A X
B AL ATEDFERE L —FH S5 &
MBTEL. YBELALR G = FIA L TR 5 ERE
B A TBET HHEI, @RISR T 5
JToDICHBRERO T — X< U v 7 A3
e &b AN DDLFETH A, AR TS~
U RIVERTRE SR 7 — ) TARA AL/
EAEIC XD F— 2% 25D 2N I L7zD
T, EOTEREEGR D —HIC 25O 2N ITHREL
7. B ZGA LR S R OEGY 4 X% (d)
IC—F S 5 7o OITHi A A 17 - 72 E{g 2
(&) THh%. (e) DEFIZHIC () DEi{EOH D
LI DIRL 4 L T Wilis i diA A 7218
GAE)TH%. BT REEBRO S LI VEL
AL TWa OB, ITDRLEEL TWin
WTHE 53 FRBE IR (e) > B RO FAE I & 3R
O, TOERESEREILLICIDIREINS
V7 FEEYS 2T VIR LGOI A 1
L, BREHEDOTVHEBEIORDS Z EPTE
%. T HO—EOEIFIC X 0 BRI EELER
DIERETH D, ARSI R 7 5 REE L D
BWSEEERE LN .

SRR h K& 5L, BTV ITE
BWEBERGBOITVRLEPKEL LD, S9W%
BEREIRIIIR S 7%, B OB D B 58I, h=2
DL EEGPELIHT VRS NS N 1<hL2
ThHs.

ES B

1. vIalb—vavER

REEOFMEABGEET L, BEMICE
L 7 SRS 7 — V) TIEOE 5 5 O E GRS
VIalb—vavEEBLAL. 53128
128 5 =2~ MY v 7 A, BERENSHEEZ
0.05cm THBHLD &L, Ax' (Ay) ITEEHERS
fRAE L [ UMEICRREL /2. W—Tn A VEED
rhiz, 0.0375, 0.0625, 0.125, 0.25cm DAY v
ARG BEE TV EHEERE L CTHEHL

38

7o HEED/-DI 7 — U TEBRMYEREZFH L
7285 a OF\AG % Fig. 5(a-1D) IR . 5 fF6E
[ SHEEHER T RAE & L CGREL 72 0.05 cm TH 5.
REFICIVOMREEL h %, 1.4,1.6,1.8 &
L7cFEGE -1 25 [d-3)ITRY. E5)
REHEKOFMEIT TN ZNnD h T 0.036,
0.031, 0.028 cm & 7z 4. Fig. 5 @ (b-1), (c-
D, [d-DEFH# 7V FVERIC L S5HEBTH
L. M7 — V) IEWERR A ERT S L ERO
FORLBELDEMETHLDB, M7V FIVE
RN 5 U oy (SR b/ 57 10 - a0 UG
% b OO K EREROPT VIR L A SN
TWHAEBABLN TS, Fiz, £HITREY
LED 1 RIEBOT a7 » AV BE RS &,
W7V RIVERTER RGO 5 REEE, (a-1) D
7)) AL L RO L OB E LN T
BT ENDPS. (b-2), (c-2), (d-2) DM
W 2R B FE S BREBUIC X B0 REEEIR CTH
L. h BPKEL DI, FTORLENKE
{75 L ARHC S RAETEI & L THHTE 5
AT NS moTW5. 1 ko710
T ANVEY, hIZWHAL THRENE ST
AETFHRINTWA. (b-3), (c-3), (d-3)D
H{RIT 7 U OV ARG & 3B AaA AR
STRERIC XA ERERTH D, EiG YK
NESHRELIN TV,
2. Hlf R

EERITFH RS 2 182 gauss, LB K
A 779kHz ORIE MRI R L 7. 5— 23
X, 55D SN AN 7B E T 5 HEEOH
FRNED DD L DIT 64%x64 &L, FERERE
513 128 %128 & L7=. T OE OEEHERS 7
ELXLTO012cm OEHAEEHEEL, 4x (4y)
% 012cm & L7z, Tk X ybr=341rad/
cm? b s, WBNT5 A= 2R ONEF T
PeE L7z, 1) DREER b ZRET 5. KER
Tk, h=14,16,18 b L7-. FhFhDHE
G DS eI O 55 MRE L, 0.086, 0.075,
0.067cm ¥ 75 %. 3) hiZ&b¥ THARBAR
HErhEd S, R6) XD, hdabb ybr



FUF U 7= iRAE O B
Inverse Deconvoluted Syntesized
Fresnel image image

A 71 {5 PR
Fourier method
N=128x128
Ax:=0.05 cm
h=1.4
Axer=
0.036cm

1L

h=1.6

(a-1)|(b-1) (b-2 ) (b-3)

(c-1) (c-2)(c-3)

(d-1) (d-2) (d-3)|

0. 0280m‘w ‘mﬂm -

Fig. 5. Results of simulation experiment. The reconstructed image obtained in Fourier imaging
technique is shown in (a—1), the synthesized images using the inverse Fresnel reconstrcution and
deconvoluted images are shown in from (b—1) to (d—3). The improvement ratio of spatial resolu-

tion % is set to 1.4, 1.6, 1.8, respectively.
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Fig. 6. Results of imaging experiment using 0.0187T MR scanner. The ‘‘yuzu’’ orange was used
in the experiment. The reconstructed images obtained in Fourier imaging technique are shown in
(a-1) and (a—2), the reconstructed images by inverse Fresnel transform and the synthesized im-
ages are shown in from (b-1) to (d-3). The improvement ratio of spatial resolution % is set to

1.4, 1.6, 1.8, respectively.
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Resolution Improvement with Phase-Scrambling Imaging Technique in
Parallel Image Reconstruction

Liu Na!, Satoshi ITo!, Yoshifumi YAMADA!,
Kunio TANAKAZ, Masao KASuGA!

LGraduate School of Engineering, Utsunomiya University
7-1-2 Yoto, Utsunomiya 321-8585
2Central Laboratory for Research and Education, Asahikawa Medical College

The spatial resolution of medical images is very important to accurate diagnosis. However, obtain-
ing high-resolution images takes time. In this paper, we propose a new image reconstruction scheme
that does not lengthen data acquisition time. The signal obtained in phase-scrambling Fourier imag-
ing, in which a nonlinear field gradient is added to the phase-encoding step of conventional Fourier
transform imaging, can be transformed to the description of Fresnel transform signal. Therefore, im-
age reconstruction can be performed by inverse Fourier transform (IFT) and by inverse Fresnel
transform (IFR). In general, the field of view of reconstructed images and spatial resolution are
different in each reconstruction method. IFR reconstruction can produce almost alias-free images,
even from signals with serious aliasing in IFT reconstruction. Combining these images, the synthe-
sized image has an area with higher spatial resolution than conventional FT imaging. Simulation and
experimental studies using a 0.0187T MR scanner were performed for the new image reconstruction
technique. The proposed image reconstruction method produced images with areas of higher resolu-
tion than the standard imaging. The improvement ratio of spatial resolution is proportionate to the
coeflicient of quadratic phase modulation applied in the phase-encoding step. We conclude that the
proposed technique has a potentially strong role in the new scheme of image reconstruction.
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