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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-supervised task based 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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FEZB RN G B, 20 (6) H IR R 1 a 01 46
WA 1, ARG BB IR 0 LABCD B BBk R B B R 1
M. a1, ZME% 54654 U-Net i X —FEEA
FHIEI S5, BRIy H T Dy AL, BB EE R TH B2 TR
EEARER T E R, XA RS 1A B
28 SN E K7 18] B AL, BEAE o BB, 254
A0 RUZ W KT 1) BT A N R R T 1A X R
WK 7E I 255 I B A E R RRAE . e 1B T 3R 6 3 e )=
REAE . B E R, May 0 B, MiSERR 12 D; 1
— AR, B 251 3R 0 R P A 6 R B 2 1Y) 4 1 245 - i
fiEh 2% X ..

B a , TEAZAT 55 8 Ly B2 20 R AR s A 2k Ly 1)
VER R ZE I H b, Forb, £ S sk me il 7 #1K
XA, Ly 155K o] DA InAmfR AL = i 2%, e SLanr:

Ly =M - Moll, ©)

Ly=-a/(1 -p1)"log(p;) (10)
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%, Mo R L8 TN HERD AR 2. 30 (9) 1, BMHP H
G FREA 1B, p 5 TEREFZNP T p, AR
YUMAP RSB RMEN OB, pFET 1 -p. o Fly MZE
MNBSEL. AR R R B LR

Lseg=L1+Lf (11)
gE 4300 (5) Aal (10), FEAS W 286 AL 25 H b
o

Loy = Lseg + Lyec (1, 1) (12)

KU B2 BT I

—> Conv (3x3), ReLU ~ ——> Conv (1x1)

64 64

Copy and detach from network () Scalar multiplication

Up-Sample —> Maxpool

P Matrix addition 6464 64 64
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&

El
128 128

S)

(1=0)

E2

256 256
a

128128 128 128] 64
(I=a)

H}M D1
256 256 256 256

&

E3

512 512 512 512 512

(I=a)

512
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& 5 FroR, 5INZRH BN, I A 7R 2
I 3 5 792 A B LR, T BRI R AE
B N B BRI, K 00 P A5 B v A0S 5
55 N ) B ) 2 DA 3 R B, S B
ACEE TR 3l 73 1] 5 D0 246 F 4 A DA s Aoz S DX 3. 7E e
WA BV S R R TIOI HERS LR Mo e LR TR
BRI E Ay, R AW B R  R . TEE

R

B

MK E BT

FE1&1, T M4

BRI
K5 B
3.1 #HIEE

ARSCASE Y e SCRR (12152 0 (0 A SR MK g 7
VE, AR R 1 S BB B LITSPIRE S

3 S
UK A I B . ST 58 X EETTVE I
. PEREXTEL. THRRSCR: 5 B RIT.

J.

HUHE S 0Bk 73 1 I 2% A

X TR ) FE R AR AT S i AL B, G I g — AP
TR EREREE R R T RAE S, RAEGEHT
SV I A I S VR4 B R R R AE R T
Bk L F:

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

Hr, fopxsp Rm— DRSS N sfx s f PP LI UER RS, « R
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HHIEE CT 2285 0 B8R4 BTCVI™ I gk,
o, LiTS K [ MICCAI 2017 kiR 2%, 05 131 M
(IIEES CT 945, BTCV MR H MICCAI 2015 ik €,
AR CT 24 BN EUEAIR 4. kS, X
XA EHE 4, 3D $94 (1) Hounsfield #.47 (HU) # 5
ey DA B 11 R it (0 A B2 U SR, K 4 ) )
4 2D Hha Y], HARE B 04 B A RS A
EOGEIX I, ik 1 FoR, 1542 kU A G A T4,
833 FRIEH ) 1 660 5K 7 U v FH T, FER 3 42
17 166 Tk U1 FEMRAE S E 4.

x1 HEGIR

Dataset (BTCV+LiTS) SR LB (%)
WS (EH B1E) 1542 48.17
MAREE (EH /75 833/660 26.02/20.61
BAiFEE (IE% /555 93/73 2.90/2.3

3.2 SLWSEMTR

FES26 h, J7 A% F Python 3.8 #1 PyTorch 1.9.0
BEAT SEHN, P SR9R #8E A NVIDIA Tesla V100 GPU
() Ubuntu 18.04 LTS #&1E R4t EdATIIZR. By 17140
R 28 5 117 T agf 52 T WA S DR e B b v B N R A IR A,
RN TS e B INZRAE N 230 A epoch. it 77
EREE SRR E N 0.0001. 7RI L2, BrainTumor
KA SR AR S VR BT B E VRl BT R H R T VA,
155 F 53 85 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 TE AW UG TS =, Pixel AUROC U A T P4k 5
e ALTERE.
3.3 WHEEENE

ARCKE R 5 2 AN ek G i A S B E
B ) BRI LU DAIE WY B B8 LR D7V AR A . e,
RD++"", RDP!, SQUID™, DRAEM"™", WDMT"* g1

W5 B 2% 5] 97 ¥, CutPaste®, FP1Y, pI1i?!, NSAPY,

FARIP N [ W B2 3] 77 k. W HE T VR PE A B an T

RD: Z A2 —AH ) T-S B8 i — /N
B 38 FN— A 22 A R AT A AL A, FRAH R I N T — N1
BT A R S R ZE T . b, S AN BB
AL 5 4ty A, T A g BT A 2R 1) B SRt N AE Ry g A\
H b1 2 O ) 22 R R,

RD++: i%J5 i:7E RD LRSI Ak, @it hn A
O 5w LI AN 2 RBEFER 2 DU & 2 M0 R SR R I 45,

8

PEFF T AR S U R P RE.

SQUID: %75 ¥ — i H T 780 Bulg EHEAE 5
Sr RS DN %) 2 T R R PN A A B 9. 1 7 R AR TR
5] ) fige 50 45 ) 43 2R O B AR X, IR AEHE R R ] 4R
HH S ORI A& S =X).

DRAEM: 1% 77 238 1<t 55 782 X 4% F0 53 51| o 28 TR B
IR, AR % =) e BUR O o e g A
FIR, (RIS 2% ) TR AN 3 AR AR R B R SR 5

WDMT: 1% 772 7 — PR 32 ok | 25 5K, d it i
HAER] U-Net MBkEREESE, A R U B M2z
F T 53 8 R AE 55

CutPaste: % /7722 —F & [ TEFX Tk = 0 55
For il 77 v eI T AR O] ] — 5 23 K HORG
I 381 5] — PRI 10 5 — A7 B R A e 5 TR

FPI/PIL: X P Fh 7 vk d ik 76 G BE N LAR T o & ik
A B, AT AR FE 2 8% 1) O 5 BRI R A X
3B Bl Sk RN OE R & PIT U AE FPI M3k as 1=, 5
NI PG i 8 A5 5 RS0 S S0 B AR LS, AT 42
FHRIRY ARG RS .

NSA: iZ 75 Poisson BZ 4w 5 %60, ~FiEH
5T Gamma 730 AN T TR FE RIS A S5 &, LAA B
HAR HZFEAL I R

FAIR: % J7 730 1) FH 1E 5 A0 85 B R 22 2 1]
AN AR A 22, DA B G 3t 2% fft o 8 0 B0 3 R S o
FE AT X 43 AU A 1)

34 Sh#ERENMERERTEE

i e o W 1 BB T L s S, TR R OT VR S
TR B S R R TR AT X L. R 2 E B
JEIR T 7AW iR R bk, G bR A A5 SR A
R, I HAEE 6 rhasil] 1 iz M 22 18, BT (1 25 FL
T e B, g5 R BoR, BTt 54 Image
AUROC 4 89.6%, 73 it 1 ai et 1771 WDMT
1 DRAEM 16% F1 12% (¥ERE. IR, Frigth )74
LT RD++, RD, SQUID ] Image AUROC 4 # K4
Th. X i T e GO R W R AE L o8 B AR 2=
To L, AREE KRBT 0 T B T VA T RE RN I LA 1)
PRI 5% 171 T2 R0 X 43 1E 5 R )l 3.

Rk, 5 A WE S gt e, Frag ik
il LB SEHE [ 74 NSA, FAIR 1 1 11% A1 15% Image
AUROC, tb FPL PII 43 il i 1 22% A1 14%. Horh, 530
FPI ARG T B R R, o iEdME TG
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R, X RFE S BUNETCR B A A B SRS AR
xK2 Gl EIEIRE R (%)

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

Ji R e A ) PR RE X bl JE— 2D, fEFR 2 A
Pixel AUROC P¥Al i th 77 1 1) i gd o A 14 e P b
WO IR BERE 3R 99.1% I Pixel AUROC, 1X—4&5 ¢
SRR T PR 7 VA A iR E A M Re b R DB
HAASRUL, BT Hh 1 07 V2 0 8 AL 1 R T T 24 i s
RD J7¥% 1.3%, 3F 5 A0K B B 2% 21 777 FAIR TERE
KA. 40, A SCRim i B 7 Hd 1 o R R R 8
TSI A B 43 ) s T — AR SO AR B PR i g 1
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10f
08
2
<
g 06 2
Z 2 —PII
& 04l — FPI
8 04 — SQUID
& — WDMT
02 L CutPaste
' — FAIR
RD++
0.0 L R RD
0.0 0.2 04 0.6 0.8 1.0

False positive rate
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AR SE R
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K8 HER S

B 437 & 14, Image AUROC F11 Pixel AUROC 7£
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7. X [RIFE A & K OTVEAE AR R BE AL EIR bR A A
%, T EME R 2 B8R B R R 2 —. R ik, A5k
AT T e HEZE IR
3.5 jHRhSCLE

N T BB IAUE JTVE R R, A SOF R T2
(R RSB, S50 43 0 WA R BEAE R VP AL & B
e £ 9 3 3 e T, AR B A VP Ak 7E T 5 UE B AR AE
B A, G e H AR IR B T UOIE % S RE
TIEREH

R BER (R PPAili: DR T VPG B A AR Y 1 2
il 2 T M 4% (Re.SNet) Al |1 M 2% (WD.
SSNet.), 3 5 52 BRI ) (Ours) fHn EE.

TSR T 4 I BRI, o T 4%
T ML T B 3 9 i 2% 1) e R WY SR AT I 5. A2
RIS, e B A D % ) o S e N R AT Rl R
fl) MS-GMS pR $5 k47 LA, 2B i 7 . e Jm 45
BORIESR 3 IS RE-MS (I B0 I 25 5 2 1 W
28 R 55 RE IR AR b, SRR DU BRI T B,
AP Rt BT B AR, AAS S & 10 43 A, SR I 5 B i
2% I S (ARSI BRI B R ERLEE T X 24 e VR AR 4
K R BT B, R EBRAER 7 R R, HE 7]
MERETMEHEERERERIARESR, H2E
B2 EEAE B —IF B R, AT i EHR S v
ZAT. SR, RO B BUE A iU BT &
FHE N 5 ET- 25 X 88 R 145 BB 5R R, IX
2 SRR A ) R R 22—

R 3 AR RS I Al

K% (Break). 7F 5¢ BB 400 (REWD) T b7 5256,
I T 52RO B (Ours) H 45 a0k 4 Frow.

R4 AR AR A5 R

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

REWD-L N N N — 8557  98.61
REWD-B v N — v 76.60 85.0
REWD v N — — 7346 8525
Ours v N \ R 89.60  99.10

Image Pixel
Model Re.SNet WD.SSNet. Local Break
AUROC AUROC
RE-MS N — v v 63.70 97.14
WD — S v v 85.35 98.52
Ours S \ v v 89.60 99.10

R BN 553 BT X 2% (R 45 RAE SR 3 SE5 WD
(DU ZR 7 F 7 I 2%) o, 5 58 BEELA AR LE, AS AN
SENL IR BE AR A P T B, LA AT B bl B S
T2 A R R PR ARG UL, T A B S A
BESE EAURH LR,

A RS R R R R U R e A At
ZJa, N TR R T R T i R A TERE R
Wi, g 5 JG 8 1 9 R Sy AT R, 3 D
1AL (Local), J& A& 15 - HUEIR m b s 70 LA A

10

B JRTEA R R, AR B E A, HSEEe
S5 nF 4 REWD-L (56 BRI 200 A0 8 i 47
SENL) TR, 45 RE G BB TR EREA BT T
B, IX EHIE T 58 B8 7V B 280 N e SR R AE T, A
I 5 A B A S EA T S U AR 7E I PR .

BE Ak, FEAN R HCH X B v AR 23 B, L S 45
RAEFK 4 REWD-B (5o A5 Y 4004 R AR FH € 67 7 72
AUt G SR B ) . A o B, A8 N 5 B 7 VM B
S DU 14 B AN E O 1 BB T ORI FE R B, i RO
10 3 R TE T a0 SR H 2K Perlin M A= Rl Y HERY
VE g i 2545 R W A BRI, ol B 2 (6 7Y 5t X I ) 2
S, BN T RS O 2 AT R B S e R o A
I ESR.

N T IR AR SO S T VE IR U,
G R 7B ECN I DRAEM —RERIIE R (R
JH- 08 5 57 A1 4 R AR B ), L SR 25 LAE 3 4 REWD
Hh, 5 SEEE T IR HO0T B, ARSI R R E A7 1 BE A BT T
B s& BERAE T A SCE S TR A ROvE. Beah, XF T
ANREA B TR AR, SEas 25 gk S REWD-
NOs (BIB& T A& 575 7715) Fion, 18 256 45 51
A LA 52 3, A58 LR AR B BE ML TR, E B GAE
T B B TR ARSI VR B

B 5 LA A S

. 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 oR S A Som SR D R 70, 1 %,
BEUE 173 £ P ke G0 £ A 9 it 1 M SR AR
JilsE B 2 3 R H AR A N I SIL TR, itk T S
LS SR S P ik, A5 RS 5 Bl S 0L 1 ) AL BB AR, 51
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