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Abstract: Computed tomography (CT) scanning provides valuable material for detecting hepatic lesions in the liver.
Manual detection of hepatic lesions is laborious and heavily relies on the expertise of physicians. Existing algorithms for
liver lesion detection exhibit suboptimal performance in detecting subtle lesions. To address this issue, this study proposes
a self-supervised liver lesion detection algorithm based on frequency-aware image restoration. Firstly, this algorithm
designs a self-superyised tqsksbaseél on synthetic anomalies to generate a broader and more suitable set of pseudo-
anomalous images, thereby alleviating the issue of insufficient abnormal data during model training. Secondly, to suppress
the sensitivity of the reconstructed network to synthetic liver anomalies, a module is designed to extract high-frequency
information from images. By restoring the images from their high-frequency components, the adverse generalization of
the reconstructed network to anomalies is mitigated. Lastly, the algorithm adopts weight decay to train the segmented sub-
networks, reducing the occurrence of trivial solutions during the early stages of training and enabling the detection of
local and subtle lesions. Extensive experiments conducted on publicly available real datasets demonstrate that the

proposed method achieves state-of-the-art performance in liver lesion detection.
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D} = Concat(Mi,Di) (8)
Horn, D FER RS0 1 2 A I H5E, Concat
T PR,

TEAZ B YNGR ER, 20 (6) T AL IR T o M WG
A1, ARG WTRE RS 0 LAY AT B R 74 oK (1)
SN0l 1 I, %% 5 A S5 U-Net i R—FE A
HH TR IS5 BN b T Dy (I TE, BRBE I B T A
bR E] R R, XA ELE NI E 1A BN
24 SNV T K7 1 B AL BE o BRI, 4% £
A T A5 W7 KT B WA R R R 7 1) X
Ik 25 17 Y11 5 2 ST BRI 2 (At T 3 3 v 2
BEEFR . (EAEER I, Mo 0 B, M; 325 12 Dy
— AR AR, B DO £ 48 A S Vi A IR () 2 0 3 R
8 4.

TR, TEAZAT 45 o F Ly 3536 R A4 ok L 1)
1 AL 26 (Y1 25 A e, B 4 2 B o0 49 0K
B, Ly 3R T LA AR 3002, B sE ST

Ly =M - Mol 9

Ly=-a/(1 -p1)log(p;) (10)
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Horp, MERIRESERRZE, RITE 55 G i A2 B ) 578 A
2, Mo R ML TN HERD AR S, 30 (9) 1, BMHP H
B FEEA 1, o TEREENP T p, AR
UMPELBRERN O, pET1—p. o My NEH

Lseg=L1+Lf (11)
gE 4300 (5) Aal (10), AW 2866 AL 25 H b

R

ANBSHL B A B RE T Lan = Lseg + Lrec (1, 17) (12)
TR 89 43 1 T PR 45
—> Conv (3x3), ReLU ~ ——> Conv (1x1) Up-Sample —> Maxpool
64 64 Copy and detach from network () Scalar multiplication @ Matrix addition 6464 64 64
\
a ﬁ -
& - yany
El : ' (1-0)
128 128 . - 128128 128 128] 64
a ‘ “
% T
E2 * D1
(1=a)
256 256 256 256 256 256 128
“o
— X )
E3 v D2
%
W (1~a)
512 %55 512 512 512 512 | 256
>l >l =
E4 D3
(I-a)
512 512 512
-
K4 BUE e 11 0 44 28

2.6 MIHEL

HFEl S BT, 5 IZRM BOR I, 0 /RS B
B 80507 2 R S PR, T A BB TR PR R 18
B IO A PR, LKL, 4690 PR S 23
& L N 5 4 L4931 9 T R (R B
T B0 23 B T 26 O 6 0 LA D 75 57
o HP BB TR PR Mo f E B T 1%
YT VP, AT 0T PR 75 S IR ok

\
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A LT

Score(My) = max (Mo *fsfxsf) (13)

Hr, fopxsp R — DRSS N sfx s f PP EIIERAS, « R
NG RBRAERT.

AU L5 1T 5 3 H
i g-- -
MRERT S BB, W T % PG, TR EM, - °
K5 ke B
3 SEESr T 3.1 BUEE
SIS R B R AR . ST R R TTEE A A SCAE L SCHR 12192 ft 1) s 22 A B 42 1 O
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WM CT 2 2% 5 0 BI85 % BTCVI prdl k.
o, LiTS K [ MICCAI 2017 ik 3%, 05 131 M
(IEES CT 945, BTCV WISk H MICCAI 2015 ik €,
AR CT 245 BN EHEAR 4. kS, X
XA EHE 4, 3D $94 () Hounsfield #.47 (HU) w5
ey DA T 11 R Atk (0 A B2 U SR, K 1
4 2D Hha Y], HARE B A 04 B A R R A
JEOGEIX I, ik 1 FR, 1542 kU A G A T4,
833 FRIEH ) A1 660 5K 7 U v FH T, FEH 3 41
(17 166 Tk U1 FEMRAE S E 4.

®1 HEGIR

Dataset (BTCV+LiTS) SR LB (%)
WS (EH BHE) 1542 48.17
MAREE (EH# /75 833/660 26.02/20.61
WAEAE (IEH /5 %) 93/73

2.90/2.30

)

3.2 LWLMHE :

fE3 h, JRE M Python 3.8 1 PyTorch 1.9.0
HBEATSEI, BTA SEEGH T HH NVIDIA Tesla V100 GPU
f’) Ubuntu 18.04 LTS #/F &4t LTI, B T AN
D) £ 7 HT 3 h 2 ST SR otk B it i B I it ik b,
RS HE RS BN 230 /> epoch. BTt
IR ) R BN 0.000 1. 7RI ZRIEFEH, BrainTumor
Fym SR P AE = W VR AN £ 7R VEAN B4 1 VR,
155 F 53 8 KU A AR HEFE R AUROC (area under the
receiver operating characteristic curve), Bl ROC £k T
HIT A (area under curve, AUC). H: 1, Image AUROC
B 75 AW S 2 75 2, Pixel AUROC NI F T4l
e AL RE.
3.3 ITEEFENE

AR SO %A e R T B B ST 1
B ] SR B BAIE W RITR 7 ik B . e,
RD++"Y RD, SQUID"", DRAEM"", WDMT iy 7
Wi % 5] J7 15, CutPaste®, FPIP?, P12 NSAPY,
FARIF™ g (5 Wa B2 51 053k R 5 3 IV E N B0 T

RD: &2 — A H ) T-S B8 i — /N
B g8 FN— A 22 A R AT A8 AL A, AR I N T — N1
BT A R I ZE T a AL o, AR AN B
W 4 R, T A2 BTS2 ) B S iR AR R i A\ AT
HAR IR E ZIN ) 2 RERR.

RD-++: 1% J7VA7E RD B 2EAiln DA, @i in A
O S LR 2 R 32 A& 2 MR R SE RN,

FETF TR S M RE.

SQUID: %75 ¥ /& —Fi I T80 g G A2 = A
e R WU P 2 [R) U6 R N A A B T V2 2T VR AR VR
[i] PR A2 1) 45 4 o0 O B A, FEAE HE 3 iU R
R E OR DL A& e ).

DRAEM: 1% 77 {238 1<t 5 782 X 4% 0 53 51| o 28 TR B
W, AR o) i R K G R MBS
KR, [FII 5 ) I H AU H A A B B SR 7

WDMT: %7712 — Pl R Sl 95 S s, i@ 1L 3%
2 F U-Net i BERREE B2, MM Bt U M %05
F T 53 an A5 .

CutPaste: 0 e | THt Tkt i1 5 9
FWIT . TS A E B R ) — B4 s R
It 381) [8] — MG ) 53 — AN B R AR il B

FPI/PIL: X P 5 v 08 it 78 UG BEATLEN T o A A%
YR BB, AT AR A A2 8 1 O S i R I A 2 X
I3 PR R R IE . PIT W AE FPI RO SEAL |, 51
VAR EG i 48 A G 3 S S0 1 AR S, AT 4
T (PRSI A

NSA: Z 7750 Poisson B4 dnta 54650, “FF A0
T Gamma 731 FIAN T TR KRR RIS A S5 6, LA AR
R H 2R 57

FAIR: 1% J5 2208 5L F) B IE 5 AL R 22 2 [A]
FOTR ISR 22, AT 47 4 AR SR 2P R B
T [X P AL A e R - "

3.4 SHHTERPERERTLL

iR R P BT LL: 152, 4 TR B 1 7 2
T 2 T 00 5 3 R 7 R AT R L, 4 2 5 B
JE7~ 1 J7 iR AR R D e B P e, b de R S R
R, I HAEE 6 rhaztl 7zl 4 B, B i 25 i
WA EAE . o5 REIR, BTt %1 Image
AUROC 4 89.6%, 73 it T ai i seidt 1771 WDMT
I DRAEM 16% F1 12% (1ERE. HIR, Frigth )74
T RD++, RD, SQUID ] Image AUROC 4 #¢ K4
T X H TS o RO IR R BB E L B A =
T, ARAEERHE T 1 JE B 7 T Re R N LA 1
PR3 1T e i A 285 X 43 T 5 R S 3 ()3 7

Hk, 58 B3 75t tedb, Brde B 7 vk o
il LB e 774 NSA, FAIR 1 1 11% A1 15% Image
AUROC, tb FPL PII 43 il i 1 22% A1 14%. Hoh, F:8;
FPI AR T 0 F Z R R, sl a7 e
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B S, T TR v R O T T DL A 2R

5L, BLA, CutPaste 18 3 {7 5 (R UG &2 1) DA& B 5

W7k, MTRer= E S B R WA M ERBRKN A

R, KRR SR TR I & B S G A
2 HHEEEHERLSR (%)

J7 Image AUROC Pixel AUROC
CutPaste 54.85 97.75
WDMT 72.89 87.07

FPI 66.12 99.00

PII 74.21 98.68

NSA 77.74 98.23
SQUID 67.64 —
DRAEM 72.44 94.61

FAIR 73.18 99.10

RD++ 64.39 97.50

RD 66.40 97.80

Ours 89.60 99.10

i 98 52 A6 1 1 e X Bl gk —uD b, 7ESR 2T
Pixel AUROC YT [Ji# th J ¥gk fr Jog s vk . Pt
TR BERE 3R 1 99.1% 1) Pixel AUROC, 1X—4&5 ¢
SRR T PR 7 VA iR e A v Re b DB
HAASRUL, BT Hh 1 07 V2 0 8 AL 1 R T T 24 i s
RD J7¥% 1.3%, JF 5 ALK B B 2% 21 777 FAIR TEfE
. AN, ARSI ) 7 $dE s R A 8 HE
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AL LA
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0.8
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g 0o 2
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& 04l — FPI
8 04 — SQUID
& — WDMT
02 L CutPaste
' — FAIR
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0.0 L R RD
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False positive gate

6 J7VEAE LiTS 5 BTCV- 3£ ROC BiZk T
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JEUG
SEd
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SEd
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38 FiteLEik Special Issue

AERFHS CT IATENE 2i0f, #55 M4 (4 2 2 €
B 2 TE AR R 0, DR 75 7

© TTEFEERGAGGT  hdp/iwww.c-s-a.orgen


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20244F 55333 121

http://www.c-s-a.org.cn

i H AR SN A

7. X [RIFE A & KT VEAEAR 3R BoE AL EFR bR A A
%, T EME R 2 PE KRR R 2 —. R ik, A0k
AT T e HEZE IR
3.5 jHRhSCLE

N T BB IR VR R R, AP R T2
(R Rl S, S50 43 I WA R BE R R VP AL . & B
P e B 9 30 0 e T, AR B A VP Ak 7E T 5 UE B AR AE
B A, A H AR IR B T VIR % S R
TIEREH

R BRI VTAG : DR 1 PP B AR (A RO, 4
)l 2 T M 4% (Re.SNet) Al 1M 2% (WD.
SSNet.), 3 5 52 B AR ) (Ours) fHR EE.

SR T A T 2% I 2R, R A T A%

FEUATET 1 3045 5 28 5 A0 056 047 1 . HE
BRI, 4 8 T 0 4 B 41 0 PR PRV 52 o
[ MS-GMS B 52T Boi, 7 PR 5 5 P S 4
BRTER 3 PSS RE-MS (13 f b il 45 2 2 1 W
4) . 55T L, JUSR A R M B I T B,
{or P e th 4 A, M\ SR R 20T, AR5
T 5 0 Ao ARG T 0 JR DR 2 T T R
P 0 17 e, PR RAE R 7 o B, H1E 7
R E T 44 R AR R R B, R
(5 2 IE W5 B A — IR 5k, AT L O P
U AR, SRIUH S PG 45 P B AT
JEM IS EIT 2 o, 08 T2k 0 13 LR RO, I
2 5% B LR A 2 —

R3OBRPEE RSB SR (%)

K14 (Break). 7F 5¢ BB 40K (REWD) T b7 5256,
FT 5E BT e (Ours), 45 R 1%k 4 Fiow.

R4 GBS LZR (%)

Image Pixel
Model Re.SNet WD.SSNet. Local Break
AUROC AUROC

REWD-L N N N — 8557 9861
REWD-B v N — \ 76.60 85.0
REWD v N — — 7346 8525
Ours v N S v 89.60  99.10

Image Pixel
Model Re.SNet WD.SSNet. Local Break
AUROC _AUROC
RE-MS N — \ N 6370 97.14
WD — \ Vo 8535 98s2
Ours V ¥y o Y 89.60  99.10

ok, BN 250y B 7 £ 45 RAEFR 3 556 WD
(DU ZR 7 F 7 I 2%) o, 5 58 BEELA AR LE, AS AN
SENL IR BEHR A BT T B, U EA AT e el B S
T2 A R R PR ARG UL, T A B S A
BEE EANRH LR,

A RS R A R R U R e B At
ZJa, N TR R T R T R R A TERE R
Wi, g 5 JOGR 8 1200 R Sy AT R, D
WIRE AL (Local), =yt 75 H2 U 5 v R 73 AR

B R AE B RSRT ,  OORERF S B, Hki
L5 LA 4 REWD-L (52 SR04 T (50 T 205k A7
SERL) BTR, 45 R sad 1 7 AR LU v R 7
e, i EIE 7 40 TR A, R IR IR E T, B
P P (2 AT T 2 S SRR U (3521,

LA, A ST E R PR e A0 3 B, G sy
RAESR 4 REWD-B (588 H  BH N AR e A 5 v
A MG SR I A Fh. AN % TR, 6 R 52 5 7 M B
IR B S o7 P R T R B 1 R P, 35 AR 4
S 2 3 B DRI 7E T R LB Perlin B 75 A B 11 HE AD
T A B 20 5 T T PRI, 2 70 1 5 X I 2
SR, BN T B R Bl 45 A A S R B ) A
i 5.

9T AR AR SO R 7 R A,
AR H TR E MO DRAEM —RERIFE R (R R H)
W 5 L AR B T, 3630 YR44 R 76 % 4 REWD
#%5%%%%@%%%@%@%ﬁ%ﬁﬁ%%ﬁ%?
Ve 5 BRIRIE T ASSC AR 7 ik I 2. BEAh, b T
ARSRER A3 R 77 VSR, SEB0 4% 9% 5 REWD-
NOs (BB T 242304 B3 77 08) Bior, il id segb gh
AT USRS, B O 208 1k B BEL TR, & S
T A TR AR ST I

5 LR TR0 R (%)

. Image Pixel
Model Re.SNet WD.SSNet. Synthetize
AUROC AUROC
REWD-NOs v J — 51.46 29.75
Ours v v v 89.60 99.10

4 diwHEE

FEA L, 988 o S A Som AR DN e 70, 1 %,
BEUE 173 £ P e G0 £ A0 9 it 1 M SR AR
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