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Improving Cone-beam CT Image Quality by Adversarial Learning with
a Feedback Mechanism from Discriminator

Taxkumt HAse! MEecuMt NakAo! KEHO IMANISHIZ MITSUHIRO NAKAMURA® TETSUYA MATSUDA!

Abstract: Cone-beam CT (CBCT) is used for radiotherapy and surgical support because it can be used to
image the patient in the position during treatment, but the pixels obtained by reconstruction are inaccurate
and some artifacts and defects occur. In recent years, research has been conducted to improve the image
quality of medical images using image transformation based on Generative Adversarial Network (GAN).
However, adversarial learning based on the global evaluation of the discriminator in GANs does not provide
sufficient transformation performance for locally different image features. In this study, we aim to improve
the image quality of CBCT images. We propose an adversarial learning method with a feedback mechanism
from the discriminator to the generator. As a result of adversarial learning and testing on 78 corresponding
CT-CBCT images, we found that the proposed method achieves better transformation for various image
features than the conventional GAN, and improves the image quality of CBCT images.
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I RATIVIC 22 2 R 2 6 7 2 EGRIC LT
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Thbb, RIGEVERENSGZ6NS. ORI~ v
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(© 2022 Information Processing Society of Japan

Ny 7 UCER LN EE 2R T 5. Z20xy b
7 — B FER BT AN EN 4 I1TRT. D
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L= £Dy + ['Gy + EDX + £GX + )\cycleﬁcycle (10)

¥ 73, £LTFR (11) ORGELRIER T = L pHEET
274 — KNy 2 BRI 2B 0 HINTH 3.
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RO D L ERE G OFEREICOWT, —
BN OB B W TIEERASR D DO HF R L
ELZ PN TED 5], KAFEOGATORKETH S
YEZoND. WA D OEENEATVRVWERICE
W, RGeS GIlE 7 4 — RNy ZFH e U TEIRDUEDR
R~ Y TEZINS Z b, TOEE, &
Es G itk x kB BelAZ e EZONS. #AlEs D D
FEPTED Y, R~y IVEEIREBICE S
LEZOND D, ZOWEMREZITE - 7R G O
MEGRIHED r TN 3.

ZLTHEERBECIE, BEEGRIET 2R 3R RS
K% R~ RATEEIC N L TRIGEVWEEZEZ 52 55
Arial~y I hdh s e Ez2 N3, HIZZDOMMDMHE
BUXFERIAR D 12X BAEE R 2 OB RIS R ATRE L 72 -
TW3 720, R~ v TSNS WEZED
%25, ZOXSWCHEEGHIE T A RBL 2R 5
7, DEDT7—F7 77 MEBICN L TRVWEZEIG X S
N7zRFTEER~ Yy TR EN B LS5 WEREED B
MTENUL, 7—F 7 7 7 MRBICE S R EGRE R
AR G DIERT 5 L ARFT X 5.

3. FHMERER
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ETNER. RCEEFEBETVEAWTT A T —X&
DEBZENRZAT o TAERERZS 7. ARRER 2SS %
HIVEGH OBREZFEH L, MUT OTFERMTERMEEEZ R
AEL 7z,

o CycleGANI6]

e U-netGAN[12]

o REFE

3.1 F—2tvh

FUER R R 2E R R B 3\ TR % 521 7= /i
SRS AR 76 4D CT Hi{% (512 x 512 pixel, 134-226
slices) 3 & TF CBCT Hif§ (512 x 512 pixel, 48-93 slices) &
Hwiz. &2 BECOVWTRETE RGN CT H
Ry, HELYHICIRE XN CBCT Hght v MZi o
TW3. ¥ER6IRT Lo, 2hzrzhigxnizHEE
PEFDOLE - REBR CORIGFREV R 2720, 200
EEB TR — VT 20 O DMESNTEET 5.
o WIGHIFHAN R Y, CT EIRD 5 HERIGHEIF LW
o X7 A4 AWROEFFUIHE (512 x 512 pixel) 7273,

FRARIE DS 72 %

o HFNDEEDLEBNRLZIZGEND S
o WIFHDBENMZ KD, BERDOMERHIRIER 2
PEoEwziEE 2, 7R &5 REBT — X DRl
MAEfTo 7. BRINIZIX CT Eifft% source, CBCT Hiff%
target ¥ L72MIEL DX P L — a Vi B3 MiBEEDLEIC
&b, CTEHBROEBELR AT 4 ZKB, REER Y DR
rr—% CBCT B{RD R 7 — MIZHi Z 7.

FTLEIC XD, BERBDOR 7y —LOBEVWEBREL 3 X
TEHNCREE D — B LT W3 CT Eiffx CBCT HEffD<7
(512 x 512 pixel, 48-93 slices) % 76 4132 Z e B TE
7z, 2D BEMERIC 68 %D CBCT-CT H{RR 7 %l
HLUTIlT—& 2 L, b D 845D CBCT-CT MR
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6 CT HEffr CBCT Hi{} ¥ ORBEELLEDE, (2)CT HIE,
(b)CBCT MHifs

TETANT—&E L.

3.2 FH@AE

AR O FIEICOWTHAT 2. TAFTF—XD
CBCT H§ % wHEfge L, FHEAETLEHWTICH
Gr B L -HBREEREGRE T2, $T AT —X
O CT Hi{g % SHEGR Y 3%, CBCT HIZEWTT —F
777 FDFEELTOVRDIEFEICHNIIRELTH D, B
WEoTHRET—F7 727 b REWTE 2 EFMT 2
7212, B 8 IRT & 5 12 FHiffi oo i PH % /i 37 AR A 1 BRAE
L7z, BARINIZIXERO R 256 X 256pixels, 20slices %
MU I VI UL FREIIRELOM AR CT EOEWIZ
BHHLULFEAITAS X5, CTHOL > Y% [-300, 150]
WHGEL, CT fEA3-300 % TEl 3 b Di%-300 12, 150 % E
[ % % DiE 150 1Ml % FL 7.
ERFHMEOFEERE L LT, FHMEHIFAND CT 2 HatHIC
PN D T DI E R Z 2R L7z, 2 U Calilih
FRND CTEDOE R N 7S A%EHRL, ZOWIRELEL
7. BAARNICEBREGRO L 2 25 A v OHEERE R
L, SRBEGRO CT EDRIC EE T ED W25 % 5l
L7.

3.3 TEEFHEER

PERFIE L REF R L TR E 21TV, 7A M7 —
2 % FC CTEFERE O FLIREHM 2 17 - 7 A5 R &2 R 1 1TR
T, ¥7 CT HOFHE L BHERAICOWT, EkFike
g U TIRETFEO A DSBS VEE R 5 /2. 18k
CycleGAN O X 5 72 KIIY R 2 2 % 720 DO
BTEERTERD -1 BTF %, BEFIETITERT S Z
YTER. KTk R D275 ADHBREIZOWT ik
FEL D BIREFEEH VLAY, HRERUC X > TSR
E§ISEW CT O DR Sz, YU EOEHEE%E

(© 2022 Information Processing Society of Japan

Vol.2022-CVIM-229 No.36
2022/3/11

7 BIUEE L TITo MR L PR P L —> a VICKBNEA
BAER, (a)CT HEif§ (source), (b) MEGDOEHRD CT HifE,
(c)CBCT [Hif% (target)

1 256pixel 1
1

203Iices}: v

8  FHfliEEH o FRAE

Mg a5, 1ERTELD IRBTIEDTTNED
CBCT H{GDOHERHZECANTHZ2 e EZONS.

3.4 BRI SLOLEE

REFEIC X 24 G & PERTFIEIC X 24 % & T,
FHEP I B 5 CT A ZRRD 72D, AT
LEER L. AN TF =22 LTHWESERDS B 1
JEGlOE R N 275 %K 10 1RT. BOEBEHEEETO
CBCT Hif§tT, BOBHERHNZH CT B{EDO L A M7F LT
H5. CTHEHAMPEROBHIEDL X512, REFHEL
TERFEZ D TER L R 2R, &, MOE
MThHs. RIPRT X, REFETH 2HRVFEROST
DEDBOBEOEIRITESNT WS Z L SR T X 7=,
DEDIERFELD bRETFEOAH, CT HOBHHLS
MRHERICE 72 5 & 5 REIGEHZITS e TE

3.5 EREROLLLER

LR DOEGRZ R INCHER L, 1R T ERE
MW EL7zeEZ N 0% 2 6, F-ZHEREs 1
DTHolBEZONZERZ 1HI, § 3 HF1%X 9 IR
3. F7 1 OHOER A I2oWT, EIRNOREED TR
T &I1Z, CycleGAN IT X 2 HEEILTIZH KDL %2 ZE
EEETOIEFNCR LT, BEFEEHAVS Z 2 THIEK
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o
=
H
& R & R
(CycleGAN) (U-netGAN) REFE
9 IRZEFIE L ERFIRIC X A KER O Lo
R 1 EEFHIOKE
Original ~ CycleGAN  U-netGAN  {2ZRFik SR G
Mean+SD [HU] -67.2499.9 -1.19482.3  14.7477.8 12.6+76.6 9.07-£80.1
HHBIEREL 0.185 0.859 0.890 0.930 1.00
175000 @b:%ﬂ&bf% D 3 ZK%T?TEL’CL\élﬁ%%O)—‘%B%?ﬁfL
— TE = ¥ (= 78 WA > -
Hmw.——ﬁﬁmw%w TWh, CHICH L TREFECRIMEBERELEA 5 2
—— ARE (U-netGAN) BB LTz, ZOEFID S, BEFERIEENT —
125000 7 SHRSRRTD F77 2 FHREL TV B S OLHIETH - T D, Bk
100000 NERDIRER DR ZRIF T2 BN THZ e EZI SN
75000 3. ®EIZ 3 DHDEERF CilzonWT, RHE D EHERT 5
p— Y, BETEOHEBELUZB N TAR L IXE 2 2 RO
mEAIDHE LTV, ZoREFIZOWTIEIC® CBCT H
<S80 BICBVTIRWT —F 7 7 7 FHRELTWELHIC, &
01° : _ ‘ . KOREER DTGRP T > TOR W EHRK L LTHE
-300 -200 -100 0 100 [HU]

10 ARRHEICHEITS CT fEOE R P75 A

DIVEZ /R U7 £ SR ZITS 23 TE . ¥
TR CBCT HEiffi% CT Hif{§I b T2EMmIE W CT 8
ZRLTEDEBREENE S Eo TV, BEFRICK
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