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Fig. 1. Pulse sequence of SPEN MRI used in this study.
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Fig. 2. Diagram of U-Net network structure.

PES ST

S BT FH K b e 8 A& 1 TR . B(EAR U S 56
£ MRiLab b #E47, 7K FITE K U SC30 7 7 T
Varian MRI X _F#E47. fifi 1] 5 38U00R K BUR I T
CEALESIYR EHE TS, T AR RS TR
2SS AL I ELE . XSRS 5 (R TRAL 3
£ MATLAB 3 i B C 95 R 52 .

BEMBMMLRSHN: T = 4ms, Wy =
32 kHz, T, = 38.912 ms, [IIHE] Ty = 45.21 ms,
HHE B Ty = 67.76 ms; PE 4ERFELE N, =
64, KRFEATECH 2; RO ERME S N,y = Ny =
128. 45 RAEAS 5 455X [Ny No|=[128, 128], Hifl]
BT R BN ) iR Af = 1500 Hz, —
FLHIVE 3000 DUNZRFEA, YIZRME | MHRLE | B0 uFSE
FIREARECLLEI R 8:1:1.

IKAEFNEAAR U ST Wy, Towes Toy Tacs
Nyer Nyo S SEEBAU I — B0 R B4
SPEN MRI J¥8#E1 7 /KBSEER T, W = 250 kHz,
LYY (field of view, FOV) = 5 cm x 5 cm, JZ/&
42 mm, JZECH 1. 2P E R (FSE)
ZZEEH EPL X [LER HRETES SPEN MRI
FHIF W SE 0 I EE R #8147, H FOV., ZE . 2485
SPEN J¥7 41 R £ AH [F] . FSE ) Ty = 3000 ms,
SRFE R [N, No| = [128, 128], &2 HHl 8 iX.
EPI Y Ty = 44.82 ms, RH AL [N, N,o|=[64,
128). =5 25 0 3% R BRUAG S 40 A G iU S ERK

BB AH A . 25 BB Z 5 FSE 751 1) RAE i+ [7]
B, ¥ FSE B H# AR 4.

YA PE 4EREHLYI AL 64 x 128 A4
. U-Net R K/ 3 x 3, HK N 1, padding
W2 R same. Bk & BUR HI#lHE—4> ReLU #G
PRAL. BRI R R RIS 2 x 2, KR
2, padding JER K same. R B (WFRF EEHH
1) KA 2 x 2, KA 2, padding JEF A same.
] 25 1 2548 2 4> GTX2080Ti, batch size K /)
N8, MR FN 1 x 104, &R 20000 42
>IN 0.5 £, kX 15 TP

F TR REA X U-Net #7125 091 2% 2%
FRAER 22 M an & 3 fis, IgRse s, YIlZkiR
ZRIGUFIRZE DN 7.89 x 104 F18.33 x 104

61
i iIII — IIiE
i = Y%
= 4 Pl
o h |
IS
i 3\
K 2 b
& L S
0 . . . .
0 3 6 9 12 15

ERKHL/ 10

Bl 3 SR JUBTRURE A Y 25 U-Net 91l 213 22 il & #0156 E
e 22 M £k
Fig. 3. The training error curve and validation error curve

of U-Net trained with simulated samples.
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Fig. 4. Numerical simulation results. The region enclosed by the red rectangle is enlarged and displayed in the lower right corner of

the corresponding figure.
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Fig. 5. Water phantom images obtained by different imaging sequences and reconstruction methods. The region enclosed by the red

rectangle is enlarged and displayed in the lower left corner of the corresponding figure.
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Fig. 6. In vivo rat brain images obtained by different imaging sequences and reconstruction methods.
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Fig. 7. Images reconstructed by 5-layer U-Net trained with different amount of training samples.
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Fig. 8. Water phantom images reconstructed by 5-layer U-Net trained with samples having different noise levels.
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Abstract

Single-shot spatiotemporally-encoded magnetic resonance imaging (SPEN MRI) is a novel ultrafast MRI
technology. The SPEN MRI possesses great resistance to inhomogeneous B, magnetic field and chemical shift
effect. However, it has inherently low spatial resolution, and the super-resolved reconstruction is required to
improve the spatial resolution of SPEN MRI image without additional signal acquisition. Several super-resolved
reconstruction methods have been proposed, but they all suffer the problems of long iterative solution time
and/or aliasing artifacts residue in the reconstructed results. In this paper, a super-resolved reconstruction
method is proposed for single-shot SPEN MRI based on deep neural network. In this method the simulation
samples are used to train the deep neural network, and then the trained network model is adopted to
reconstruct the real sampled signals. Experimental results of numerical simulation, water phantom and in vivo
rat brain show that this method can quickly reconstruct a super-resolved SPEN image with no residual aliasing
artifacts, and clear texture information. An appropriate number of training samples and an appropriate random

noise level for training samples contribute to improving the reconstruction results.

Keywords: magnetic resonance imaging, spatiotemporal encoding, super-resolved reconstruction, deep neural

network
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