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MRI Compressed Sensing Image Reconstruction Using Deep Learning
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Deep learning-based image reconstruction methods produced higher quality
images than conventional iterative reconstruction methods in compressed sensing MRI. There was no
appearance of unnaturalness in the images, and the reconstruction time was greatly reduced to within

0.5 seconds, which solved most of the initial issues. With respect to learning methods,
signal-to-image learning is robust to signal under-sampling patterns, and image-to-image learning is
robust to signal under-sampling. Deep learning-based reconstruction is not just a replacement for

iterative reconstruction methods, but can relax the conditions for compressed sensing, suggesting

the possibility of changing even the measurement method.



(MRI)

MRI [1]
MRI
s(k),
p(x) @ (x) MR 1)
s(k) = fp(x)e—l'¢(x) e‘f(k x)dx = F[p(x)e—i¢(x)] )]
x k F k
p(x)e /¢ )

F{Re[p(x)e /*@W]} = %F{p(x)e-w(x) + p(x)ei*®)

1

=5{s(k) +s(=k)"}
s(=k)* = f p(R)ei*® g=ilk ¥)g = Flp(x)eit@) @
s(=k)" ©)
(2)
CS-MRI
1
CNN v
(2] :
(Alternating Direction Method of Multipliers: ADMM) |
. k, frequency readout
GenericcADMM-CSNet[ 3] :
MR 1
MR

2 MR 100

@



=&
5| & MRIKS

iR
Fn‘l?:l%MRf!%/
Generic-ADMM-CSNet

ER§¥Generic-ADMM-CSNet

5] = MRIKS

(n-1) (n)

N ] J l M

O T T P Pl e
[ i

2 GenericcADMM-CSNet

Generic-cADMM-CSNet

(DNN-CS)
(€D)
(ixr l ) C N
o el + (i /,)°) Generic-ADMM-CSNet
40% PSNR
3 c=0.01 4 4
CNN 129
MSE 0.028 CNN  0.043
) MR
MRI 41 DNnCNN-CS
[4] 3 MRI
Vantage 50 60
20
GPU 05s 10s
40% PSNR 5 3
PSNR
MRI CNN PSNR
ADMM-CSNet ReLU
2 34.0 \
CNN S
@' 332 \\\
Z 20 CNN \
324 \\O
CNN PSNR ~
) 0.004 0.006 0.008 0.01
MRI

3 PSNR



CNN

[1] M.Lustig et al: Compressed Sensing MRI, |IEEE Signal Processing Magazine, vol.25, no.2: 72-82,
2008

[2] ‘MR , D, Vol. J96-D No.4: 803-804,
2013

[3] Y.Yang et al: ADMM-CSNet: A Deep Learning Approach for Image Compressive Sensing, |EEE
Transactions on Pattern Analysis and Machine Intelligence, vol.42: 512-538, 2018

[4] S. Ouchi, S. Ito: Efficient Phase-varied Image Reconstruction using Single Deep Convolutional Neural
Network without Estimation of Phase Distribution, ISMRM 28th Scientific Meeting, 3608, Peris,
France, 2020

CNN

(c=0.01) (c), e CNN
(d).(F) (c).(e)

32.0

315

31.0

305

30.0

PSNR[dB]

29.5

29.0

285

RR® HEHCNN DnCNN-CS

5 PSNR



17 17 0 2

Shohei Ouchi, Satoshi Ito 101

Efficient complex-valued image reconstruction for compressed sensing MRl using single 2023

realvalued convolutional neural network

Magnetic Resonance Imaging 13-24
DOl

10.1016/j .mri.2023.03.011

Kazuki Yamato, Satoshi Ito -

Super-resolution Magnetic Resonance Imaging Using Segmented Signals in Phase-Scrambling Fourier 2022

Transform Imaging and Deep Learning

Proc. of IEEE ICIP2023 Pars, France -
DOl

Kazuki Yamato, Satoshi Ito -

CNN-based Compressed Sensing MRI using segmented signals in Phase Scrambling Fourier Imaging 2022

Technique

Proc of the 4th Annual Scientific Meeting of Asian Society of Magnetic Resonance in Medicine -
DOl

Satoshi Ito, Kazuki Yamato -

Improved Parallelized Blind MR Image Denoising using Asymmetric Weighting coeffcients 2022

Proc. of International Society of Magnetic Resonance in Medicine 30th Scientific Meeting,
London, United Kingdom

DOl




Satoshi Ito, Keitaro Takahashi

Improvement of CNN Denoising Performance Using Noise Control of Input Image and Application to 2023
Parallelized Image Denoising
Proc. of International Society of Magnetic Resonance in Medicine 31th Scientific Meeting, -
Toronto, Canada
DOl
Shohei Ouchi, Itona Fukatsu, Kazuki Yamato, Satoshi Ito -
Overview of Complex-valued Image Reconstruction for CS-MRI Using Real-valued CNN with 2023
Symmetrical Signal Under-Sampling
Proc. of International Society of Magnetic Resonance in Medicine 31th Scientific Meeting, -
Toronto, Canada
DOl
Sugai Taro Takano Kohei Ouchi Shohei Ito Satoshi 20
Introducing Swish and Parallelized Blind Removal Improves the Performance of a Convolutional 2021
Neural Network in Denoising MR Images
Magnetic Resonance in Medical Sciences 410 424
DOl
10.2463/mrms.mp.2020-0073
S. Ito, S. Uematsu -
Improved CNN-based Image reconstruction using regularly under-sampled signal obtained in phase 2021

scrambling Fourier transform imaging

Proceedings of International Society of Magnetic Resonance in Medicine 29th Scientific Meeting

DOl




S. Ito, T. Sugai, K.Takano, S. Ouchi

Parallelized Blind MR Image Denoising using Deep Convolutional Neural Network 2021
Proceedings of International Society of Magnetic Resonance in Medicine 29th Scientific Meeting -
DOI
S. Ouchi, S.Ito -
Multi-channel and multi-group-based CNN Image Reconstruction using Equal-sized Multi-resolution 2021
Image Decomposition
Proceedings of International Society of Magnetic Resonance in Medicine 29th Scientific Meeting -
DOI
S. Ito, K. Yamato -
Improved Parallelized Blind MR Image Denoising using Asymmetric Weighting coefficients 2022
Proceedings of International Society of Magnetic Resonance in Medicine 30th Scientific Meeting -
DOI
, 39
MR 2021
MEDICAL IMAGING TECHNOLOGY 59-67

DOl
10.11409/mit.39.59




Ouchi Shohei Ito Satoshi

20

Reconstruction of Compressed-sensing MR Imaging Using Deep Residual Learning in the Image
Domain

2020

Magnetic Resonance in Medical Sciences

190-203

DOl
10.2463/mrms.mp.2019-0139

Ouchi Shohei, Ito Satoshi

Multi-channel Grouped CNN-based Image Reconstruction for Reduced Sampled Complex MR Signal

2021

Proceedings of IEEE International Symposium on Biomedical Imaging (ISBI)

DOl

Ito Satoshi, Ouchi Shohei

Deep-Learning-based MR Compressed Sensing using Non-randomly Under-sampled Signal in Nonlinear
Phase Encoding Imaging

2020

Proceedings of Asia-Pacific Signal and Information Processing Association Annual Summit and
Conference 2020

909-913

DOl

Ouchi Shohei, Ito Satoshi

82

Comparison of Reconstruction Performances between Deep Learning and lterative methods in MR
Compressed Sensing

2020

IFMBE Proceedings

249-254

DOl




Ryo KAZAMA, Kazuki SEKINE, Satoshi 1TO E102-D
Compressed Sensing in Magnetic Resonance Imaging Using Non-Randomly Under-Sampled Signal in 2019
Cartesian Coordinates

IEICE Transaction on Information and Systems 1851-1859

DOl
10.1587/transinf.2019EDP7016

55 1 9

2022

MR

41

2022

CNN MR

41

2022




MR

41

2022

MR MR

41

2022

Encoder-decoderCNN MR
41
2022
MR
41

2022




MR

2022
2022
MR

2022
2022

MRI
2022
2022
MRI

303

2023




MR

2021

MR

2021

CNN

49

2021

CNN

MR

49

2021




CS-MRI

49

2021

MR

40

2021

MR

40

2021

40

2021




MR

40
2021
CNN MRI
2022
GAN MR
2022
MR
48

2020




ISTA-Net

MR

48

2020

CNN

MR

48

2020

MR

39

2020

MR

39

2020




MR

39

2020

Swish

Blind DnCNN

39

2020

ISTA-Net

39

2020

MRI

2021




2021

MRI

Ml

2021

CNN

MR

Ml

2021

Ouchi Shohei, Ito Satoshi

Multi-channel Grouped CNN-based Image Reconstruction for Reduced Sampled Complex MR Signal

IEEE International Symposium on Biomedical Imaging (ISBI)

2021




Ito Satoshi, Ouchi Shohei,

Deep-Learning-based MR Compressed Sensing using Non-randomly Under-sampled Signal in Nonlinear Phase Encoding Imaging

Asia-Pacific Signal and Information Processing Association Annual Summit and Conference 2020

2020

Ito Satoshi, Hiromichi Wakatsuki,

Dual Stage Super-Resolution in Quadratic Phase Scrambling Imaging using lterative Signal Band Expansion and Deep CNN Super-
resolution

International Society of Magnetic Resonance in Medicine 28th Scientific Meeting

2020

Ouchi Shohei, Ito Satoshi

Efficient Phase-varied Image Reconstruction using Single Deep Convolutional Neural Network without Estimation of Phase
Distribution

International Society of Magnetic Resonance in Medicine 28th Scientific Meeting

2020

Ouchi Shohei, Ito Satoshi

Comparison of Reconstruction Performances between Deep Learning and lterative methods in MR Compressed Sensing

The 11th Asian Pacific Conference on Medical and Biological Engineering

2020




Satoshi I1TO, Kohei SATO

Deep Scaled Domain Learning for Compressed MRI using Optional Scaling Transform

International Society of Magnetic Resonance in Medicine 27th Scientific Meeting

2019

Satoshi ITO

Super-resolution based on the Signal Extrapolation in Phase scrambling Fourier Transform Imaging using Deep Convolutional
Neural Network

International Society of Magnetic Resonance in Medicine 27th Scientific Meeting

2019

Satoshi I1TO, Tsukasa SAITO

De-Aliasing for Under-sampling in Phase Scrambling Fourier Transform Imaging using Alias-free Reconstruction and Deep
Convolutional Neural Network

International Society of Magnetic Resonance in Medicine 27th Scientific Meeting

2019

Shohei OUCHI, Satoshi ITO

Deep Learning based Compressed Sensing Image Reconstruction Robust to Phase Variation

International Society of Magnetic Resonance in Medicine Japanese Chapter Meeting, Chiba, Japan

2019




MR

38

2019

MR

38

2019

38

2019

MR

38

2019




MR

ADMM-Net

38

2019

47

2019

ADMM-Net MR

47

2019

47

2019




MR

47

2019

MR

47

2019

MR

47

2020

MR

2019




2020

278

2020-2021

MRI




