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Fig. 1. Overview of the proposed method: (a) Overall process for the proposed reconstruction method; (b) network architecturel*!

used in the proposed method.
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Fig. 2. Structural similarity between the reference and target images and support distributions in the wavelet domain: (a), (b) Brain

MR images from the same patient; (c), (d) corresponding wavelet coefficient distributions (Using Haar wavelet at level 9).
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Fig. 3. MR images used in the experiments. Group one: (a) Reference image; (b) target image 1. Group two: (c) Reference image;

(d) target image 2; (e) target image 3.

(2)

4 BERFEBAR  (a) # RARRHANR (b) 21 SRR (o) 28 % B RAFRAR

Fig. 4. Undersampling masks used in the experiments: (a) Cartesian mask; (b) radial mask; (c) variable density mask.
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F1 LBBHNE
Table 1. Parameter setting for experiments.
HirE1&1 HrE152 HbrE1&3
2R 0.005 0.003 0.003
L 6 6 6
ng [32, 64, 64, 64, 128, 128] [16, 32, 64, 64, 128, 128] [16, 32, 64, 64, 128, 128
- y [32, 64, 64, 64, 128, 128] [16, 32, 64, 64, 128, 128] [16, 32, 64, 64, 128, 128
ns [16, 16, 16, 16, 16, 16] [16, 16, 16, 16, 16, 16] [16, 16, 16, 16, 16, 16]
kq 3,3,3,3,3,3 3, 3,3,3,3,3 3,3,3,3,3,3]
ku [3,3,3,3,3,3] (3,3,3,3,3,3] [3,3,3,3,3,3]
ks [1,1,1,1,1,1] [1,1,1,1,1,1] [1,1,1,1,1,1]
BARIEL 5000 3000 3000
. " NI PR Haar Haar Haar
INEBEL )
Ban e 7 8 8
P 13500 55000 52000
A 1 x 1010 1x 106 1x10°
# 2 WRICREESR T ASFE RN ZE  PSNR & SSIM
Table 2.  Relative errors, PSNR and SSIM values of reconstruction by different methods under Cartesian undersampled mask.
" i 10% 20%
HrEEMRES EHIE - —
FEXTRZE /% PSNR/dB SSIM AR ERZE /% PSNR/dB SSIM
Fhi 35.64 18.7365 0.5543 16.14 25.6185 0.7135
B CS-WS 34.53 19.0101 0.5590 13.74 27.0139 0.7998
HFrEIZ1
DIP 32.51 19.5344 0.6666 12.49 27.8440 0.8989
ARSI 19.89 23.8004 0.8172 9.43 30.2852 0.9793
Fhi 19.66 22.5625 0.7550 13.36 25.9204 0.8065
B CS-WS 17.14 23.7530 0.7654 10.34 28.1426 0.8507
HPrE %2
DIP 15.09 24.9087 0.8473 5.41 33.7814 0.9619
ARSI 7.51 30.9288 0.9454 3.48 37.5915 0.9788
Fhi 17.64 23.5716 0.7857 12.76 26.3807 0.8266
B CS-WS 15.24 24.8395 0.8139 9.87 28.6144 0.8774
H bR 143
DIP 14.90 25.0660 0.8585 5.43 33.8264 0.9607
ARSIk 7.31 31.2228 0.9491 3.53 37.5488 0.9806
" ) 30% 40%
FEAEMREIEL HHT - -
AHXF R 2 / % PSNR/dB SSIM AHXTER2E /% PSNR/dB SSIM
Fhi 11.53 28.5361 0.7657 7.71 32.0337 0.8087
B CS-WS 9.40 30.3126 0.8689 6.68 33.2736 0.9136
HFrEIZ1
DIP 9.05 30.6386 0.9342 6.98 32.8933 0.9605
ARSI 7.06 32.7970 0.9590 5.64 34.7395 0.9728
Flhi 4.61 35.1677 0.8677 3.46 37.6630 0.8830
B CS-WS 2.61 40.0883 0.9377 1.95 42.6338 0.9438
HrE %2
DIP 2.80 39.4992 0.9858 2.33 41.1008 0.9892
ARSI 2.08 42.0469 0.9905 1.73 43.6437 0.9931
Fhi 4.31 35.8182 0.8813 3.24 38.2961 0.8997
~ CS-WS 2.45 40.7193 0.9444 1.84 43.1958 0.9601
HArE%3
DIP 3.22 38.5632 0.9824 2.54 40.4324 0.9885
AT 2.05 42.2484 0.9908 1.64 44.2051 0.9939
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Fig. 5. Comparison of reconstructions of target image 1 using Cartesian undersampled mask with 40% sampling rate: Target image 1

and reconstruction results (1st row), the corresponding error images (2nd row), and the corresponding zoom-in images (3rd row).
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2ETEUB, B = AT % LI JR B OR

Fig. 6. Comparison of reconstructions of target image 2 using Cartesian undersampled mask with 20% sampling rate: Target image 2

and reconstruction results (1st row), the corresponding error images (2nd row), and the corresponding zoom-in images (3rd row).
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Fig. 7. Comparison of reconstructions of target image 3 using Cartesian undersampled mask with 30% sampling rate: Target image 3

and reconstruction results (1st row), the corresponding error images (2nd row), and the corresponding zoom-in images (3rd row).
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Table 3. Relative errors, PSNR and SSIM values of reconstruction by different methods under radial undersampled mask

and variable density undersampled mask.

R EHEMRIES RIERAR CRAER) EHIE AHXF R /% PSNR/dB SSIM
RS % 14.34 26.6426 0.7852
. CS-WS 12.11 28.1129 0.8519
1] (20%)
DIP 10.95 28.9845 0.9169
_ AT 7.92 31.7960 0.9547
HirE151 .
RS % 15.03 26.2373 0.7735
CS-WS 11.15 28.8264 0.8662
AR (30%
BRI (30%) DIP 9.26 30.4441 0.9321
AT 6.43 33.6199 0.9648
RS %0 8.05 30.3202 0.7960
§ CS-WS 5.73 33.2803 0.9010
&I (10%)
DIP 4.40 35.5814 0.9662
_ AT 3.54 37.4434 0.9760
HirE152 .
RS %0 6.47 32.2213 0.8778
CS-WS 3.56 37.4195 0.9625
A B (20%
REBE(20%) DIP 3.15 38.4764 0.9821
AT 2.57 40.2243 0.9850
RS %0 7.03 31.5576 0.8177
. CS-WS 5.18 34.2111 0.9158
&I (10%)
DIP 4.73 35.0303 0.9629
- AT 3.55 37.4852 0.9751
HARrES3 "
RS %0 5.82 33.2106 0.8978
o CS-WS 3.27 38.2161 0.9675
R B (20%)
DIP 3.01 38.9786 0.9819
AT 2.54 40.4229 0.9852

HbriE%1 T CS-WS DIP S @i

8 AR ERAEBIN 30% KA AT HARER 1 EELRN L. B8 BAREMR 1 58Ik mEEUR, 5 A7 9 X e
FEVRIMR, 55 =47 %8 I Y Jey 8 ik R 1

Fig. 8. Comparison of reconstructions of target image 1 using variable density undersampled mask with 30% sampling rate: Target
image 1 and reconstruction results (1st row), the corresponding error images (2nd row), and the corresponding zoom-in images (3rd

row).

058701-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 058701

HizlE %3 FHGE

DIP S

B9 AR RAERIAR 10% RAERT BAREIMR 3 MBS RN L. 178 B ER 3 5 7 i maah R, 95 A7 R0 i iy 22

PR, 45 = AT o 6 oL 4 J5) 3 K B

Fig. 9. Comparison of reconstructions of target image 3 using radial undersampled mask with 10% sampling rate: Target image

3 and reconstruction results (1st row), the corresponding error images (2nd row), and the corresponding zoom-in images (3rd row).

KA AR R BB B BERAEASN AR H AR 7 2 B AR R 2% L PSNR B2 SSIM

Table 4. Relative errors, PSNR and SSIM values of reconstructions by different methods under radial undersampled mask

and variable density undersampled mask.

KA CRAEH) LiV:9sp0s AR ZE /% PSNR/dB SSIM
DIP + Ref 8.88 30.9180 0.9478
i (20%) DIP + Sup 10.35 29.4739 0.9264
DIP + Ref + Sup 8.24 31.5530 0.9512
DIP + Ref + Sup + Cor 7.92 31.7960 0.9547
DIP + Ref 7.38 32.4116 0.9583

DIP . 6104 .
AR (30%) + Sup 9.08 30.610 0.9583
DIP + Ref + Sup 6.71 33.2360 0.9620
DIP + Ref + Sup + Cor 6.43 33.6199 0.9648

1.6
L —— HIRESR -1 /K30% Rt
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0.8
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0.4 ff
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Fig. 10. Relative errors curves of the proposed method un-

der Cartesian undersampled mask.
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2.19%, PSNR, = 40.8788 dB, SSIM = 0.9937; (d), (¢) HIXFi%2% K 2.54%, PSNR = 39.0825 dB, SSIM = 0.9937

Fig. 11. Reconstructions of the proposed method when there is contrast difference and motion between the reference image and the

target image: (a) Reference image; (b) target image to be reconstructed; (c) reconstruction of (b) by the proposed method;

(d) target image to be reconstructed(with motion effects); (e) reconstruction of (d) by the proposed method; (a)—(c) the relative er-
ror is 2.19%, PSNR = 40.8788 dB, SSIM = 0.9937; (d), (e) relative error 2.54%, PSNR = 39.0825 dB, SSIM = 0.9937.
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Table 5.  Computational time for different reconstruction methods under the Cartesian mask.
FTAEMREE T L

20% 30% 40%

CS-WS 46 s 49 s 46 s
HFrE1%1 DIP 2 min 53 s 2 min 43 s 2 min 47 s 2 min 45 s
AT 3 min 55 s 3 min 56 s 3 min 54 s 3 min 56 s

CS-WS 42's 45 s 44 s
E11(d) s BAr S DIP 2 min 33 s 2 min 35 s 2 min 35 s 2 min 34 s
ARICT7 ik 3 min 14 s 3min 15 s 3 min 15 s 3 min 13 s

4.3 HEIRSH

54T RIRRFEEM T, SRR 5
H 10%, 20%, 30% Fil 40% B, A SCH B 5 %)
BT ). AR BHE AT LAE A SR Y
T A A IR X TR T R PR AL
TRUGEAC T 1 N 28 i Hh R B R AT KR B GE ]
PRI RIE . R NIL, AR SO R A IO T F)1 25
KB, e ARG B B BT, X i
HARSR A —E MBS E ). A SO AR
AR S ST B N2, KR X A AR
PERR, IR T Ay v A5 R Tk

5 % @

AR SCHRE H — b T Y 2 T 2 ST 1 SR R
MR R E @ T7 4k, Jofs Bl gk . A28 b
8, Xl R BA S . IR E K
G5 AR EUR Z M RS M ARYE, 25 AR
gy, Sy F bR G Y R SR S R e e RS A e
WSERGIE MR, I BEREIRAE5HE
Jole e AR, RIS G/ NI R R 2

ARG RN HARES R E SR AR, IENALZTR
FAMER) L u k. SCR R, ARk 3R
KR LR, HARGRF A SO S5 405 7 T S
B

S 30k

[1] Davenport M A, Duarte M F, Eldar Y C, et al. 2012
Compressed Sensing: Theory and Applications (Cambridge:
Cambridge University Press) ppl-64

[2] Lustig M, Donoho D L, Pauly J M 2007 Magn. Reson. Med.
58 1182

3] Qu X B, Guo D, Ning B D, Hou Y K, et al. 2012 Magn.
Reson. Imaging 30 964

[4] Liu J B, Wang S S, Peng X, Liang D 2015 Comput. Math.
Methods Med. 2015 1

[6] Zhan Z F, Cai J F, Guo D, Liu Y S, Chen Z, Qu X B 2016
IEEE Trans. Biomed. Eng. 63 1850

[6] Liu Q G, Wang S S, Ying L, Peng X, et al. 2013 IEEE Trans.
Image Process. 22 4652

[7] DuH Q, Lam F 2012 Magn. Reson. Imaging 30 954

[8] Peng X, Du H Q, Lam F, Babacan D, Liang Z P 2011 In:
Proceedings of IEEE International Symposium on Biomedical
Imaging Chicago, USA, March 30, 2011 p89

9] Manduca A, Trzasko J D, Li Z B. 2010 In: Proceedings of
SPIE, The International Society for Optical Engineering
(California-2010.2.13) p762223

[10] Han Y, Du H Q, Gao X Z, Mei W B 2017 IET Image Proc.

058701-11


http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1002/mrm.21391
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
http://doi.org/10.1016/j.mri.2012.02.019
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
https://doi.org/10.1155/2015/424087
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TBME.2015.2503756
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1109/TIP.2013.2277798
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1016/j.mri.2012.03.005
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1049/iet-ipr.2016.0615
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 058701

11]
[12]
13]
[14]
[15]
[16]
17]

(18]

(19]

[20]

(21]

22]

11 155

Stojnic M, Parvaresh F, Hassibi B 2009 IEEE Trans. Signal
Process. 57 3075

Usman M, Prieto C, Schaeffter T, et al. 2011 Magn. Reson.
Med. 66 1163

Blumensath T 2011 IEEE Trans. Inf. Theory 57 4660

Litjens G, Kooi T, Bejnordi B E, Setio A A A, Ciompi F,
Ghafoorian M, van der Laak J A W M, van Ginneken B,
Sénchez C 12017 Med. Image Anal. 42 60

Wang S S, Xiao T H, Liu Q G, Zheng H R 2021 Biomed.
Signal Process. Control 68 102579

Liang D, Cheng J, Ke Z W, Ying L 2020 [EEE Signal
Processing Mag. 37 141

Schlemper J, Caballero J, Hajnal J V, Price A N, Rueckert D
2018 IEEE Trans. Med. Imaging 37 491

Yang G, Yu S, Dong H, Slabaugh G, Dragotti P L, Ye X J,
Liu F D, Arridge S, Keegan J, Guo Y K, Firmin D 2018
IEEE Trans. Med. Imaging 37 1310

Wang S S, Su Z H, Ying L, Peng X, Zhu S, Liang F, Feng D
G, Liang D 2016 In: IEEE 13th International Symposium on
Biomedical Imaging Prague, Czech Republic, April 01, 2016
p514

Akcakaya M, Moeller S, Weingartner S, Ugurbil K 2019
Magn. Reson. Med. 81 439

Aggarwal H K, Mani M P, Jacob M 2019 [EEE Trans. Med.
Imaging 38 394

Yang Y, Sun J, Li H B, Xu Z B 2016 In: Advances in Neural

(23]

[24]

(25]
(26]
27]

(28]

[20]
[30]
[31)
[32]

(33]
(34]

058701-12

Information Processing Systems Barcelona, Spain, December
05, 2016 p10

Qin C, Schlemper J, Caballero J, Price A N, Hajnal J V,
Rueckert D 2019 IEEE Trans. Med. Imaging 38 280

Ulyanov D, Vedaldi A, Lempitsky V 2018 In: IEEE/CVF
Conference on Computer Vision and Pattern Recognition Salt
Lake City, USA, June 18, 2018 p9446

Gong K, Catana C, Qi J Y, Li Q Z 2019 IEEE Trans. Med.
Imaging 38 1655

Gary M, Michael E, Peyman M 2019 arXiv: 1903.10176

Sagel A, Roumy A, Guillemot C 2020 In: IEEE International
Conference on Acoustics, Speech and Signal Processing
Barcelona, Spain, May 04, 2020 p2513

Liu J M, Sun Y, Xu X J, Kamilov U S 2019 In: IEEE
International Conference on Acoustics, Speech and Signal
Processing Brighton, Britain, May 12, 2019 p7715

Hashimoto F, Ohba H, Ote K, Teramoto A, Sukada H 2019
IEEE Access 7 96594

Dave van Veen, Ajil J, Mahdi S, Eric P, Sriram V,
Alexandros G D 2018 arXiv: 1806.06438

Daniel O B, Johannes L, Maximilian S 2020 Inverse Problems
36 094004

Yoo J, Jin K H, Gupta H, Yerly J, Stuber M, Unser M 2021
IEEE Trans. Med. Imaging (Early Access)

Vaswani N, Lu W 2010 IEEE Trans. Signal Process. 58 4595
Wang Z, Bovik A C, Sheikh H R, Simoncelli E P 2004 [EEE
Trans. Image Process. 13 600


http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1049/iet-ipr.2016.0615
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1109/TSP.2009.2020754
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1002/mrm.22883
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1109/TIT.2011.2146550
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.media.2017.07.005
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1016/j.bspc.2021.102579
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/MSP.2019.2950557
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2760978
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1109/TMI.2017.2785879
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1002/mrm.27420
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2865356
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2863670
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/TMI.2018.2888491
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1109/ACCESS.2019.2929230
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1088/1361-6420/aba415
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TSP.2010.2051150
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://doi.org/10.1109/TIP.2003.819861
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 058701

Undersampled magnetic resonance image reconstruction
based on support prior and deep image
prior without pre-training”

Zhao DiV%  Zhao Li-Zhi?* Gan Yong-Jin?®  Qin Bin-Yib?
1) (Guangzi Colleges and Universities Key Laboratory of Complex System Optimization and Big Data Processing,
Yulin Normal University, Yulin 537000, China)
2) (School of Information Engineering, Minzu University of China, Beijing 100081, China)
3) (School of Physics and Telecommunication Engineering, Yulin Normal University, Yulin 537000, China)

( Received 22 September 2021; revised manuscript received 18 October 2021 )

Abstract

Magnetic resonance imaging (MRI) method based on deep learning needs large-quantity and high-quality
patient-based datasets for pre-training. However, this is a challenge to the clinical applications because it is
difficult to obtain a sufficient quantity of patient-based MR datasets due to the limitation of equipment and
patient privacy concerns. In this paper, we propose a novel undersampled MRI reconstruction method based on
deep learning. This method does not require any pre-training procedures and does not depend on training
datasets. The proposed method is inspired by the traditional deep image prior (DIP) framework, and integrates
the structure prior and support prior of the target MR image to improve the efficiency of learning. Based on the
similarity between the reference image and the target image, the high-resolution reference image obtained in
advance is used as the network input, thereby incorporating the structural prior information into network. By
taking the coefficient index set of the reference image with large amplitude in the wavelet domain as the known
support of the target image, the regularization constraint term is constructed, and the network training is
transformed into the optimization process of network parameters. Experimental results show that the proposed
method can obtain more accurate reconstructions from undersampled k-space data, and has obvious advantages

in preserving tissue features and detailed texture.

Keywords: magnetic resonance imaging, undersampled image reconstruction, deep image prior, support prior
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