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Increase of Image Resolution in Whole Heart Coronary Magnetic Resonance

Angiography Using Super Resolution Technique

(A7 %2 O B 89]

EIR MRA (magnetic resonance angiogra-
phy) i, BB GG 2 1Th 31
EEENIR 2 IR IR A I T & 2 W0 72 w52
Wik CThsd, LiL, ZOZMMBEEDOREH,
HIRENIR KOS EH 25505 ),
RO L (EREEAL) PEEI T,
MR ZEOHG L v — D E A XEn—F
7 TSN LT 5 2 LI XD, BEIR
MRA D EGEEALDSTTRE T H 573, EEOHE
M KR 2 2 N OB B4 5 TlE R\,

o SN I E LTV 7 by 2T
PSR EEAL T A HUl & LT, BRHEHEM A
H %o i MR B {§ % 65 & L 728G O
WrZepassid, SN F TICW L D923
B, WEIR MRA xR & L72b D32,
IR LY, SR EEAL L 2B IR
MRA % ERHICIEMET 2 2 & I2X D, RigHo
I b FEMICERE T 5 2 L 25T REE 2 ),
AWM O EMEOM E2RAE NS, L
7ehio T, BWIEA, BileREEHTE, &
BOIF)T A FT T4 7O EREREHN
OB LU REEN S D T 72, BRGSO
AR ERONIG NS EIEL72D DIE %<,

KR DOBIGE FERIZ X ) A AR S g,

BRI 2 BT 2B oW KB L 1% <
DEF) T 4 BENDISH & ZDRRIZO L)

e SRS TR

2041023

sz I | N = R

b EWITFT B

Z 2 TAZETIE, EEIR MRA 2V 7 &
7 = T B R REALY D BIR R Z BT L
ZTOHFREEBGEES 222 HWE§ %,

[(MEDAR, AR]

TGP SR & AR B ORE (2D
DFEIHE SN Lo FHHEIIL, D hIch
B9 IO & DB DM A & = PR 5 %
HETHTETHH, —7, FEME, Sl
1§ 7% > TR IR L (5 & w5 RS L R D XIS
Rz FE L, ZORRICED S EBERERE
eHEST L FETHL (K1), KT

[ Input image }
i
Construction of dictionary
]

Division into patches (ROI)
¥
Selection of similar patches
¥

Increasing resolution
at each patch

i
[ SR image

e

1 2P BB O W TR



IAMERTIREME

X, £, EE50FE L) BEISEBIR
MRA % @fEEEALT & 20 % B, 8
RO 2 WICBIEHAT A W L7z, 22
TId, E# 35 HOEENR MRA 2 RIZ, 15
T MR %1 CHMER S 172 512 X512 Wik % 5
T I K ) #EN L, 256 X256
A XOMRIRFEBAR 2 AR L 720 RIS, 20D
R (5 BE T {5 % PR ST, 2 RGRR M R Al
% FH\VT5I2X512 %4 XOBEIZHEITL, JC
B % & Z1EITCH{E D Root Mean Squared Error
(RMSE), Peak Signal-to—-Noise Ratio (PSNR),

Structural Similarity Index (SSIM)IZX D, #
DBEE L 72,
1 12
RMSE= | 5o 11|
Input volume
256x256x%5
‘g Division into g
5x5x5
l patches

— Reference images

256x256x14
HR images

128x128x7
LR images

Division into

patches

PSNR :20*10g10< MAX, )

RMSE

(2,&1#1 +c1) (2o+c2)

SSIM= (uituitecy) (oitoitcy)
DOFER, BB G A © RMSE, PSNR,

SSIM @J?iéjci 2.52, 22.2 dB, 0.989, T4 pi Al
RBIR (R TATIE 2.87, 21,6 dB, 0.985 TH 1, %45
RS B\ T B ARG 20 ek pi 2 e g5
Bt & ) BB ETTOBEEDS BN EHHS
Meotz (P<00l). S5, FEHMER
%15 Ui S (RN (< e S b N L NI ]
B OB LT o700 ZFOMER, W=RNEE
® RMSE, PSNR, SSIM & 3.08, 20.2 dB, 0.984
Th), FHABRGEMOLEEEEILH
W (P<.001) 253 54, BRFGEEFAT o
HREATR SN2,

SR volume
512x512x10

Increasing
resolution

at each patch

— Dictionary
LR patches (5x5x5)

HR patches (10x10x10)

vRiha &

Num. of pairs: 369,024

2 3 UG OBEE X

2R TERRRER
3 Jeimf§ & R gim 5 o T

IRTTEBRRZRER



Tateisi Science and Technology Foundation

F1 LELZOILE

n=46 2o ST P
RIS R

RMSE 3.28 275 <.001

PSNR 21.4dB 23.6dB <.001

SSIM 0.982 0.987 <.001

2 WICBIRIRHAMZ R T A AT 2 75 1H]

DIMEE O SR WiEEYRH H, £ 2T,

SR RBIRAR AN A 3 WIC IR L (K25
M), WEEIIR MRA O & BIEEALIZR 5 2 H
MEMF L7z 22TIE, BFE 46 L40EH
Bk MRA Zxf512, 1.5 T MR 2% & CHAE K S
N7z 512X512X 150 W% ¥ 7)) v 7

L, 256X256X75 (2 oM G O %4
256 X 256 X 150) O fiff 15 FE i 45 % A L 72
Z OB E 3 RICB & U 2 RoCFE BB R
GHEAM % T, JeEfgRY 4 XIHET Lz L &
DICEFIIR T L EEELZ B L (K12
M) o 3 WICHB R &4 © RMSE, PSNR, SSIM
\& 2.75, 23.6 dB, 0.987 T, 2 WK JCH 15 Al
(3.28,21.4dB, 0.982) £ W HICOEEENHEE
IEWVEERPE LN (P<00D). & HIZ, H
B0 R1ETH % Signal-to-Noise Ratio 12,
3 RICHBIRIEHMNT AT 66.7£11.5 TH - 7= D%t
L, 2 I8+t 2% 61.7£105 (P<.001)
T, HEIZBWTH 3WITHEHT O 05 R
IFRBGEPEONL Z EDRHENE -7 (K
3ZH) .

2 WOCHBIR IR e, A=A 2
BIN$ % 3 RICEBIREFAT O E RN 1L, B
F—% 1 AN THR 6 EIFFICEL, BET
T 20IEREETHLH, 2T, ¥VFa7
CPU (HouE BN EE) O~ VF ALy F
TurIIr7EGPGPU (/774927 AT
Oty rr7a=ybh) oLV L — 5K
REx H V720 HIALER I C X 1) 3 TR IR (S E T
OEFbE FEME L 720 FOMEHE, ¥ 1.5 BT

BET—5 1 NGBS B ERTREE 20,

R CREFACE LALPIEEICHIZ 2 2 £ 3T &
720

[SHRDOIAREDARE, FRE]

OFME & LCiE, DUT O % IHKMED
FETH Do

] AR SR R B 2 AT L7
FHEFFARIAMT N &) SRR L L 72 miR b
B AR OCFREDS D B0 £ 2T, KRG
G2 AT (N LHTEE) & LA A A,
ARV T BT e 5 R L SR L 7 S O B RS
FELTE 5 L) EHT 5,

@ BRGEHEMORFREOET, B X OES
BOEFRFOL-OORERE LT, KK
B 70 Tl SR & T % o

%
<

N
=
Tw
@

[RRDRER, #/XL ]

1) wlRsP, mlges:, HIEe, B, ok
Foqs, KHEK, AU, EABEE T2 MR
f#1% (STSR : Space-Time Super Resolution) 3l
(12X %4 MRI O R R E, " 5579 [l H
AR BTS2, IR, July 2014.

2) WINZRGE, BEIRESE, PILERCE, TS R
Fest, AHIER, du)leEd, fEAMEE " Targeted
spatial frequency filtration 2 %t #% § CT (TSFF
CTDE) |Z8F 2 BRGSOl H, " 45 79 Inl A
AUEIMAE WESHTIE2, AR, July 2014

3) LR, WIS CRHIERE, TERSeE, (R
Foqt, AKHEAL, Ab)Ed, EAMEE, "2 % MRI
2B % W22 [ 53R RE D] 10> 72 3 O g 22 [ B 5
B, ” 5 42 Bl H AR LIS R = R4y, HUib,
Sept. 2014.

4) Ryohei Nakayama, Masaki Ishida, Yasutaka
Ichikawa, Mio Uno, Yoshitaka Goto, Motonori
Nagata, Kakuya Kitagawa, Hajime Sakuma.
“Three-dimensional super-resolution technique
based on self-similarity : usefulness in whole heart
coronary magnetic resonance angiography,” RSNA
2014, Chicago, Dec. 2014.

5) Masaki Ishida, Mio Uno, Ryohei Nakayama,
Yoshitaka Goto, Tatsuro Ito, Motonori Nagata,
Yasutaka Ichikawa, Kaoru Dohi, Kakuya Kitagawa,
Hajime Sakuma. “Additive diagnostic value of coro-
nary MRA in the stress cardiac MR protocol in-
cluding stress myocardial perfusion MRI and late
gadolinium enhanced MRI for the detection of coro-
nary artery disease,” RSNA 2014, Chicago, Dec.
2014.



IAMERTIREME

6) Ryohei Nakayama, Masaki Ishida, Yasutaka usefulness of a dictionary learning post-processing
Ichikawa, Yoshitaka Goto, Motonori Nagata, Kakuya technique for improving image quality of low-dose
Kitagawa, Hajime Sakuma. “Three-dimensional chest CT,” RSNA 2015, Chicago, Dec. 2015.
Super-Resolution Technique for Whole-Heart Coro- 8) Ryohei Nakayama, Yasutaka Ichikawa, Yoshinori
nary MRA by Utilizing Graphical Processing Unit,” Kanii, Masaki Ishida, Yoshitaka Goto, Motonori
ISMRM 23" Annual Meeting & Exhibition, Toronto, Nagata, Kakuya Kitagawa, Hajime Sakuma. “Im-
June 2015. proved image quality in low-dose chest CT using a

7) Yoshinori Kanii, Yasutaka Ichikawa, Ryohei new dictionary-based post-processing,” European
Nakayama, Masaki Ishida,Yoshitaka Goto, Motonori Congress of Radiology 2016, Vienna, March 2016.

Nagata, Kakuya Kitagawa, Hajime Sakuma. “The



