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(decoder)(220)& Fd& & Jdu. AIZYQ2IO)E FEFH EFE, RelU(rectified linear wnit)E %
FFT(fast fourier transform) ZEFH 2555 X% & dvh. 3G (220)= FFT SEF4 855, A
SLEFH E5E, I4 &9 7JMVE 2 RelUES X8E = ).
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AAA(200)¢] Q1T (210) = AA] ool wha}

W
T
m o
o

(220)= AAdel wat R o2 YERgH T Uk,

T 39 & 45 Fxshd, AAde mE 1= (210) 2 g3y (220)v= A AU A AA T 2FE=
Agare}t vag ool FFT 874 550 93 A7k F718 Aolth. olH & FFT F&8F4 £5& ZEFA
= ARES AL FEjol] WEE E3 AT FElol mrls BF ARESt] g5 4 Q).

L 5e B dde] oA Axdel wat A A Aol EFste Rt g koltt.

L 55 #=std, EAHG00)7F E2FSE Bl AAT doldEd v AERF(510), s AY TEF
(52005 T8 & 3a, s AY dEF(5200= ATAR-(52D), EFF-(522) B 25 (523)8 IS < 3l
ok, g AMEHHR(510)E SN FEFAH EZ(spectral normalization convolution block)E3d thE MZe
(down sampler)E&& X3 & v}k, AF4F(521)&= A ME EF(pixel shuffle block)E3 SN F&FA
E2E5S I3 5 . EFF(522)% 2lYo] B=(linear block)S ¥3& 4= duh. BEH(523)= o AE
2 (up sampler)E¥ SN ZEFH EF558& LT 5 .

ol gt FEAH(500)E ABdAH(200)0] o3 AFPE Twmol= FHold uaddeolt Hd AAAE dunddEs @
Bl 8oz A F vl o MEHR(510) ¥ tF Y S55(52008 T8 S5 4 dd. v
2] shEA- (520000 2)dt AHzgle] EHozyE AFARF(2)7 #E A d59AE AT ATA 59
= =98 & oL, FRF622)7F WE i oJu el tiste] #Hola R e BY grdheR EF
st A3g S 5 dow, FF(523)7F Wi g Jmgdel st JHHE dHola 4499 Y HE 9
ddHor FET g FF RG-S 9 & Advk. a2ga, AFAEFG2D o3 AT RS &
HAF(500) 0] ThA] g E o] T AEHH(510) 2 vs A EF(520)F &3 thA] FEE ¢ k. o] g
”%‘Z}(BOO)L =acy Z—V’é &5 5-(520) Yol d=lsl 8 o) syl didste 4

WHEX(500)2] EEFF(523)= F9 £F 5 FAE 5317 9% GAN &4 AIAE Al wkol= 95 Yol
= olg gt 7rol xlol7} glE 03‘3170: &2 At A A2 sl= NDS(non-difference suppression) ©=24& # &3
T Ao,

FEAH(500) 2] EFHE-(522) 2 BH(523)= ATAF- (5210 3 AFA 5G] tiste] Heola o8gat
e g gegidozm BRe A3 9 J9d=E dojd F499d HE Fd9ger 2Es Airt o]
Uz 2 g5 Ao At Jprkslor stk GarstE 915k RC(reconstruction consistency) €4S A&
sk 4 9l

T 1 yA = 5E Fxete] AW Aoy A AADT(11D) Y el dsd %, HAAt %Pil(loo)g o] g3}

=)
AXg g5dd, S
(200)& o]&% 4
A o)z o]

d= dEete], A4AH200)9] deAld el ogk el o3 mE %E’%&EH ] 0]
= dola 5ddE A5, F, Hiol= Aol ol&H= A AA(100)e= AA A4 AEE(111) 9]
FHEA(00)7F FAS A e 4 vk
=62 & 2ol o AAdel el Ady A APEE ol 5 A A g wHe AWl
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HE vE A5G Ad 7lesd vug Ao
&= 9olA wlad v Ju5gd Ad Vleed ted 2o

RED-CNN: Chen, H., Zhang, Y., Kalra, M.K., Lin, F., Chen, Y., Liao, P., Zhou, J., Wang, G.: Low-dose
CT with a residual encoder—-decoder convolutional neural network. IEEE transactions on medical imaging
36, 2524-2535 (2017)

EDCNN: Liang, T., Jin, Y., Li, Y., Wang, T.: Edcnn: Edge enhancement-based densely connected network
with compound loss for low-dose ct denoising. In: 2020 15th IEEE International Conference on Signal
Processing (ICSP), pp. 193-198. IEEE, (Year)

Restormer: Zamir, S.W., Arora, A., Khan, S., Hayat, M., Khan, F.S., Yang, M.-H.: Restormer: Efficient
transformer for high-resolution image restoration. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 5728-5739. (Year)

CTformer: Wang, D., Fan, F., Wu, Z., Liu, R., Wang, F., Yu, H.: CTformer: Convolution-free Token2Token
Dilated Vision Transformer for Low-dose CT Denoising. arXiv preprint arXiv:2202.13517 (2022)

WGAN-VGG: Yang, Q., Yan, P., Zhang, Y., Yu, H., Shi, Y., Mou, X., Kalra, M.K., Zhang, Y., Sun, L.,
Wang, G.: Low-dose CT image denoising using a generative adversarial network with Wasserstein distance
and perceptual loss. IEEE transactions on medical imaging 37, 1348-1357 (2018)

MAP-NN: Shan, H., Padole, A., Homayounieh, F., Kruger, U., Khera, R.D., Nitiwarangkul, C., Kalra,
M.K., Wang, G.: Competitive performance of a modularized deep neural network compared to commercial
algorithms for low-dose CT image reconstruction. Nature Machine Intelligence 1, 269-276 (2019)

DU-GAN: Huang, Z., Zhang, J., Zhang, Y., Shan, H.: DU-GAN: Generative adversarial networks with dual-
domain U-Net-based discriminators for low-dose CT denoising. IEEE Transactions on Instrumentation and
Measurement 71, 1-12 (2021)

Eo1e ® o3yl 9 ANele] e AhH 44 A4S ol&% ARG Ae FAe) g% vwol=x A 2
g e w9 A s v BAe) A% 93 Aseln,

F 1

A& 7%= FID | PL | TML | RMSE | PSNR 1 SSIM 1
RED-CNN 34.7098 0.1493 15.5072 0.0330 33.3131 0.9012
EDCNN 38.0299 0.1487 14.9475 0.0343 32.9481 0.8988
Restormer 32.7898 0.1469 15.2586 0.0323 33.5237 0.9026
CTformer 33.5319 0.1496 14.2172 0.0344 32.1764 0.8979
WGAN-VGG 53.9002 0.2629 29.7508 0.0589 26.3789 0.8454
MAP-NN 19.5778 0.1373 11.4723 0.0383 32.0321 0.8995
DU-GAN 18.8156 0.1285 10.5245 0.0364 32.5533 0.9035
Ours 17.6212 0.1276 10.3559 0.0369 31.2932 0.9037
GT(NDCT) 9.8371 0.0 0.0 0.0 100.0 1.0

Input (LDCT) 39.7624 0.1821 20.4434 0.0575 28.9550 0.8743

2 oago] Axjdo] wpE oJgdi At o2 A 7l&EXRY FID, PL, TML 2 SSIM
E ATE 7L &S BAFET. = 3004 B F ARl

g S
gk Ao A= Yo R FQad FRLH LS RHESIY WAR W]

S, A& Aol W AuH 4y AW o §F owgy Ae A FYste ARIY AL Py
of EE 27te AL, oled wAR FAees meowd AFH TeaRs st AFYH wEAh
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ZEaRe] Y2 7dE 5 Aot

[0070] 2 ool HEH 72 =S 7 WA 2FEL HAFH TR A2EYHAE g F3E £ vk, o]
E A5H ZEO9 J2EfAES U8 HAFE, 558 AFH e Ve 229 Jbee doly XA
Fgrle] ZrAA e "AlE ¢ Joerng, HAFH EE Vg Z2IH Jhed doly ZEAY gHe] ZrAME
Bl FAEE 1 JAAEYAE] 5ERS Z A AYE VTES Fdste FHs AAgsH ", o&
AFEH T2 A2EfAES 54 Woz V%s Fds] 98 AFH Ev e T2 7hse o]
B Z2A4 s AFgd = e AFEH olf Ui T AFEH x5 vbs 7S A EHE Ax 71est
22, 2 HAFH ol&7bs e AFH I Jbs ZIFviAlC AHE JEEHHES 55X 7t WA A
FHE 7]5S e A2EYA FES X AR F5S NSk AR 7bEsit. AFE ZE2a9 Qs
EAES AFEH Tt Ve 233 7hsd doly Z2AN AH Ao gAEE A% JMesER, AFH
EE Ve T2 T dloly ZEAY ] A due] 52 dAEC] FdEo] AFHE HAdy= =
ZA=E AAFEIA AFE = Ve T2 71Ee dolE Z2A FHE s JJAEHHAES SER
o] 7z} gAl A AHE Vs ES Ay g dAES ATshe A% Jhssitt

[0071] T, 7 A 54" =EA Ve (E)S Ay 9g sy ol HE Thesd JIAEHAES Xdehe
BE, AOYE e 39 ARE YR = gk =, 2 7] giA] AAdEA = dAENA dwE s
Eo] FAE HouA] BAEE AR 7HES TRk gtk oid], gl ZAIEY 9l T e dAES
AR AAH o7 FAlO FHEE AL bedta B 2 gAEe] wulg ddets v wE diow 423
HE AR 7bEsit

[0072] ool A E Wo] y|& AMS dAlFom Ay Zo ExE oA, B odyo] &3l v|E ok
A Ee] AAS JH AR B o] Bl FHA HlojuA] gk wfelA] thddt 2 2 wigo] v}
T Aolth, wgha], B o] sjAjE AAELS E dye] ve AMS 457 9 o] ofl M)
7] f1gk Aolar, olefgk AAde] oste] & wHe] V& AP WeUF g E = AL ofurh. & WHye] BT
Hel= ok Aol oste] s oo apr, 1ok s W9 ol e RE VEAMSS 2 dHe] A
Zrifel 3= Ao R A Hofof & Flojtt,
Reo] 4

[0073] 100 o= 94 A7 FA

110: W=

11 A=A A 747

120: 2 A|A
=9
=97
100
110
H2el 120
A
11 Z2 A
HZel
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