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Spatial Color Image Steganalysis Based on Central Difference Convolution and Attention
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*(Guangdong Key Laboratory of Information Security Technology, Guangzhou 510006, China)
*(School of Cyber Science and Engineering, Zhengzhou University, Zhengzhou 450002, China)

Abstract: Currently, most of the published image steganalysis methods are designed for grayscale images, which cannot effectively detect
color images widely used in social media. To solve this problem, this study proposes a color image steganalysis method based on central
difference convolution and attention enhancement. The proposed method first designs a backbone flow consisting of three stages:
preprocessing, feature extraction, and feature classification. In the preprocessing stage, the input color image is color channel-separated, and
the residual images after SRM filtering are concatenated through each channel. In the feature extraction stage, the study constructs three

convolutional blocks based on central difference convolution to extract deeper steganalysis feature maps. In the classification stage, the
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study uses global covariance pooling and two fully connected layers with dropout operation to classify the cover and stego images.
Additionally, to further enhance the feature expression ability of the backbone flow at different stages, it introduces a residual spatial
attention enhancement module and a channel attention enhancement module at the early and late stages of the backbone flow, respectively.
Specifically, the residual spatial attention enhancement module first uses Gabor filter kernels to perform channel-separated convolution on
the input image and then obtains the effective information of the residual feature map through the spatial attention mechanism. The
channel attention enhancement module enhances the final feature classification ability of the model by obtaining the dependence
relationship between channels. A large number of comparative experiments have been conducted, and the results show that the proposed
method can significantly improve the detection performance of color image steganography and achieve the best results currently. In
addition, the study also conducts corresponding ablation experiments to verify the rationality of the proposed network architecture.

Key words: steganalysis; steganography; color image; convolutional neural network (CNN); attention mechanism
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W 3(b) B, BARTRIE RSN A BN A ppe € ROPW I, 985 FE T A 34T S0 5 90 5 5 B 10 5 Ok 13 31
Al € R SR, 505 T T 4 M AR T 52, 33695 L Softman B 505 K 3RABAH R 5 75 /9 P8 Z € ROXC

ZILFE AT LR IR A
Z= Softmax(A,esmpeXAreshape) 5)

TESE AT ST B M R 1 BV 2 0 PR, TRATT AT 53 A0 A 0 4 R . XTI A R R R S

A T Arpape € ROECW BTG, SR IGH Arae 5 7E 77 Z HEATHE AT, SR 5 K5 A 50 (RS AE B N P47 6

N Ne RO B, FHZ I TR LA B 1R B8 B, R EE A 5 Ly H AT 18 76 2 SR OS2 SR 345 4t
24yt B P R DB C 2o R T AR A

C = B-(ZX Arpe) + A ©)
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Horb, AR O FFURIZHTF I IALE. A (6) KA, AN (1) 5 A RFAE 2 BT A T (R AE R0 R A6 RRAE 0 AR,
R RRE 2 R K B SR SR, I BLAT B T4 o R R AE 1) ] )

N T AR BB TE R R AT, 7 N P 1) 73 ) 4 AT EE SR 4, AT ORI T JE T TR ) R E AN
e (45 2. TR, VR BIE T RDETE R 16 R Z A0, BAVEA T — 2 BRZ A — 2 P38 b 2 25 i B A okt
BTG4 N BRI B AT AR RS, IXRE BB T R IR K 75 SR I FL AT AGEFEAS [RLE IE B TR 5K R kb, 5
— M P S 4 e T Ha it Ak BB [ A B WL B AR OR [, BRATIEAZ AR F 1) A2 BT A e LA B (25 A
KA S TE [ R AR S, SX R T I R 2R 10 43 25 B
24 SMERSHNTENERM

N T ARBILFT IS R R B S A AT S 5 B A () B TR 2 ST IR B 5 A A B 4 M 1 22 S 1, Tk 2 o
R, BATHNH T AR SRS A0 W AS 700 45 Mg ) 0 R 5 RO P 3% . 2 B0 EL O BUA B 5 A A A A 58 P 1 AR PRI
ff) CovNet!" /il SRNet!"”), DA B id FH 1% . 1% ) WISERNet™ Fl UCNet™™.

K2 PHRITES OA IR TIREE S S MBS 2 Bl R 2 b 10 22 5 1k

B 7 as TRAEBE R B RHIESR BT B e &R
CovNet'™ 30/ [l i [ SRM A% R i 40 22 102 8ER = IR ZWEINA 2ERZE RERR
SRNet!' 641 ] 22 2] IR HLIE P 272 BERZ IR R SRR KERR
WISERNet™! 30 F] 2 2 HISRMAZ JEEEERE I LR R R B EEIE

24 EESKMB A Gabort, BB ERZ SRR SRR R

e g SR LR A BB 12 bR S
itk SOTRRMSRMERBITIR 5 o s W S

UCNet™!

PN

M2, BATATLAT BAR 3 SR (1) fE AL EEBY B, RAT SRNet SR T 64 AR5 2] FIBENLZ, HAb 7k
HRERA T SA R R, TR H 55 CovNet FIFER A2 30 AN E 1 SRM 2 I HEAT T8l Ab 3 (2) 78
FRAESEHLY B, A 7802 R H T 2 )2 8 005 B U2, M i ik W e O T O Z 0B 12 8t I
HRE T AT R UL R ARG SR HOR SR RR S S MT R HE AR (3) 754 2R B, O M v R A
— AN RSP8I U 2 AL R AN A TR R AT 43 25, T FARNEWAE BT A AR R Z I T — AN ERE
(IR, DAULSRAT Rt s 2 (g 43 25

AL T BT EF R IR T R R B2 5 43 M 7 v UCNet, ITfie 7 ik 5 Hi2 % B T 1%, UCNet EHIHY
JE 62 1 SRM Fll Gabor ZH 1) =y i@ I8 i 4%, 10 B3 5 vE A8 F (1992 30 AN 5E (19 SRM #%. H ik, UCNet KA HIZ 3
PR SRR RSB EE W, TR AR T 5 B OZ0B 82 DR 2 ANFE TR AHLH] R BE SR b,
B J5, UCNet I FIR 1 A4 R PR E R 1 SR 2T 4028, M prie AR AT 1 A2 mhir ik 2
A %E LR BER AR R H R 450

3 IRERSHH

3.1 BEESITEMNIERR

FESEIGH, BATLRH T BB RS KBS 7 Hruiss F 0% (i 48, it /& ok B ALASKA T B2 5 43 Pk
3% (The ALASKA Steganalysis Challenge) " ({1 B {%. BATMIZEIEHBEHLIEEL 20 000 5K R 44k BG 4T 5 82
S, BRI F N 256x256. TATRH 3 Fhst 2 7 6 BRI 5 0k AT RN, 4090 /& GINAP!, ACMPUIfI CMD-C!,
HRAFE 53724 0.4, 0.3 1 0.2 bpe (bit per channel). [Kitk, % F—2H 457 5E I8 S FLEFIHR AR, B 10T LIS 2] 20 000 4
AR EG -2 BGo. ANE A 157 PO FE, FATTBEHLAL 20000 X {5 BEHLIZEEL 14000 X EEAE A IIZ5R4E, 1000
SHERRAIELE, TR 1 5000 XHERMNREE. FI4h, N T M TR 2 o) MR RS i 7B i & L4, AT



BREE KT SESEBRAEENNERY CBREE 5 9

RFAFELAT J7 vk U224 IR ) S, 76 I ZRo A2 b (6 BEALBAR R BEAR 90° M e 79 o 45040 48 588 7 V2 R 489 Jm 11 45 8
PRIREA R

FEASCH, BA TR & RS 2 M Fa v A D AER 3 (ACC ) RATAS TRt (K B2 5 70 A B U Pk g, % pF
TRAR T2 T O MRS 4B AR OO R A 26 (K TH AT by R SR AR AR S TSN Ok, MR Py R ER
R B A BRI B R 20 SO B BRI BB, IRAS 3R Py T B R B BT R 7 RN B R RO L], Hovh, f
B Pry MRILE Py BT DB W0N PR

FP

Poy=— 7

T TN+FP @
FN

Pyp= ————

MPTTPYFN ®)

Horh, FP eI B8R BB R 5y R B EUE, TN 18 12 80 R  E 8 70 8 8 80U BUR I 40,
FN ZR35% BB R 0 FON A BUR I EE, TP 1= 805 R HE IR 70 O 80% B e, & )5, Al
R ACC T R Py FIRAE R Py THEAS B, BARMITT 57 AT R
ACC = 1—%(P,.-A+PMD) )
M TR AER R 2 Ah, BATHRA T 5 — i 885 (AUC) Rl AR T R R B, 1Z 38 br A2 i iH 5 ROC i
25N RIFT 5 AR 1S 2. ROC i Z8 /25 B IE 1 2R (false positive rate, FPR) 1E i il F1 ELIE 5 % (true positive rate,
TPR) 1E 99l ih £ 320K, BN R = v] 237 58 SCR:

FP
FPR= —— 1
TN+FP (10)
TP
TPR= ———— (1)
TP+FN

AUC B AR (1 W2 AR BT H 1 ROC #IZE R BT o5 1 THIAR, T o5 THI BB R 3R 7 1k BB R AT, A% R 4t ok
SRS S W s  BAA RN B E BEAR  4 2E .
32 BHRE

FEARSCH, T th KB AL f& 3T PyTorch VR B 2% SJME SR SC L), S0 (1R & & R 5K 12 GB RA7 1)
NVIDIA 2080Ti & FHETHI. FEN LR B, BAVEH T 3hEk 0.9 HALEFERAN 5 x 107 BIBEHUEREE T % (stochastic
gradient descent, SGD) LAt 2% KA L S 5. X T H BB F 1B RUZ, BRATRA T He ¥ILG 775 P47 0146
1, FEEEH T W E. VISR E A 30 (B 30 X4 AR- 2% R, IZREEAE AN IEAR R HAHR S 4 B LT AL,
28 SR ZREARR I 230, HIHRE 150N 0.02, FEUIZREREF, £ ) F 05 80, 130 A1 170 MMEARR AN~
[ R R 1/10. FEBR 60 ANEACE I, TEIRIE4E BV BRI IT RO SRk AE I 455 SR Ik, Boh, T3
RATHRN SR, FATEA R O W5 /T 51208 A RS 2 31 PYSEmE, 1 2 SRR AME N 3-SR4 11 25, A 9%
B AT 2558 3.5 5. LT FTE th B S WAL 1 BUA S BRC B 7T 25 3% 1 LARVEGIIN SEBGN S 7] 22 AR SC
FIARAY (RS B R A {E https://github.com/revere7/CANet).
3.3 LWZER

T B B AR VR P R, FEAR R, AT TR R BRI S S i A S I — e R R S
SN AT T HERERT B R B T — AR SR R RS S HT e CRMQIPY, BRI & B UE
92 FE B 55 40 M7 2% CovNet! VR SRNet!"?), LA K B Rt B% B 5 43 BT I 4% WISERNet™ Hl UCNet™. 21 24
S Az, REA 7 ik BB BRATIR AR S K FE R B S 4 M % (& CovNet AT SRNet) i T 4 115
M, RS 1 2N B BB TEON 3xH>W %, Hod H A w3 R BRI R A DL, 3 NG B RSB, ekt i
o FRAME T 3 A A EEFA S I ER GINAP, ACMPYFI CMD-CV'3f: % [ 454 Wi fifa 5 &3 HILLDA
S-UNIWARD, JL7E 6 FhAS A i B 5 7 i B AT 5256, 541, BRI N2 0.4 bpe, 0.3 bpe FiT 0.2 bpe. AHJM (1]
SIS S5 R BN 3-8 5 FivR, Horb BT (0 S50 25 JE 02 55T T IR B ALEICHE XI) o0 3 E AT S0 1 S 2 45


https://github.com/revere7/CANet

10 BRAP AR Hrr e B o G w Sl

R3E GINA HWE T FEE s 5 MR 5 KR 0 BB 5 S 70 W i ARAS: DN HE A7 5 LA (%)

. GINA-HILL™ GINA-S-UNIWARD"!

0.4 bpc 0.3 bpc 0.2 bpc 0.4 bpc 0.3 bpc 0.2 bpc

CRMQ1®” 69.63 65.11 60.63 70.74 67.13 61.80
CovNet!"” 67.62 65.48 61.85 63.90 58.80 52.88
SRNet!"”! 76.80 72.90 66.30 70.05 65.20 59.20
WISERNet™! 71.30 66.55 59.50 73.63 68.25 56.90
UCNet™ 81.50 71.75 73.46 76.10 73.35 67.30
P72 84.55% 82.15% 78.70%* 80.75* 77.50* 71.50%

TE: e RIRAEAR R OL T SR A 45 3R

R4 AE ACMP S T FrHE J5i2m 5 Al < IR o BB BR S 70 #r 4 ARSI A 2 LR AR (%)

- ACMP-HILLY ACMP-S-UNIWARD!

0.4 bpc 0.3 bpc 0.2 bpc 0.4 bpc 0.3 bpc 0.2 bpc

CRMQ1®” 73.61 69.37 63.78 75.42 71.96 6631
CovNet™! 78.49 71.33 64.80 70.55 66.75 62.55
SRNet'” 86.83 81.45 74.40 83.20 78.85 68.45
WISERNet>! 79.48 70.23 61.75 77.50 71.05 63.30
UCNet?! 89.52 84.81 79.55 85.60 81.05 76.50
P 72 90.50* 86.25% 82.10% 87.64* 82.60* 77.25%

T P RIRAEANRIAF O SR A 45 2R

# 5 fE CMD-C S5EBE T HE 77 EA 5 Rk G HR (o R BRS 20 Bir 8% ARSI AE i < LA (%)

G i CMD-C-HILL™ CMD-C-S-UNIWARD"

0.4 bpc 0.3 bpe 0.2 bpe 0.4 bpc 0.3 bpe 0.2 bpc

CRMQ1™” 71.95 67.29 62.42 73.68 68.83 63.80
CovNet!"! 70.56 66.62 62.85 66.45 62.95 58.30
SRNet!"? 76.20 73.45 68.40 75.96 68.48 66.60

WISERNet™>! 74.96 69.12 60.45 76.15 70.40 63.68
UCNet?! 82.85 80.75 78.05 80.05 76.85 72.37
P72 85.85% 83.55% 79.75% 82.90% 79.50% 76.15%

T P RIRAEAN BT I b 145 2R

o 7£ GINA B EL IS Hg T RTERERIL. R 3 B8 T &M RS 24T /573 7% GINA-HILL Al GINA-S-
UNIWARD [ 5 80E T fkillfeaf 2. ilid 2 3 AT DUE tH, FE S FHRNZE TN, TRATITHE H (R ABE 2 (10 o 100 4 fff 22 5 2L
AT HAB B /3 M 59, Heh CovNet PR BLER 2, i UCNet A % O H LI SRALEEGE. # L B AT S F e K
B4 E 4 Hr P 2% UCNet, AT FTH2 1 77778 GINA-HILL Al GINA-S-UNIWARD T2 BIF 3R TH T 4.23%
4.33% HIRTMIAERA 22, TR THIR B 2 35 1.

o 7E ACMP B E4 a5 5 T ERERIL. K 4 R T 2B WIS 438 J7¥EX ACMP-HILL Al ACMP-S-
UNIWARD [ 5 BE MR MR 22, 3R 4 ] DUE Y, RATATIR H I BR S 2 i 858 B A 4 S ik il v e, o
CovNet F # fe 2 W FH53 L, 11 UCNet WA A 77k s if R I A8 LT UCNet, AT#@ th 77 i%7E ACMP-HILL
F ACMP-S-UNIWARD 435S P33 FE T 1.66% F 1.45% Frifar il #ERA 2.

o £ CMD-C B BUERS S Heus NItk pe R M. £ 5 5 T #MES M4 4 7% CMD-C-HILL #1 CMD-
C-S-UNIWARD Fa 5 5% T A I e 2. vl UG, FRATT AT 32 RS B (0 R M R BAR SR 2 i p 1), FE v



IR F: AT P EZ0EBFEE N TRY EBRIEE 547 11

CovNet FHRIK R I Z, UCNet PRI LT, H LT UCNet, ATt ¥ G K1{E B S 5 287 CMD-C-HILL Al
CMD-C-S-UNIWARD il #E A 26 73 7 3948 7 T 2.50% FlI 3.09%.

SRR, A RN 6 FRAS R €4 R B 5 SRy PR ARG i 25 SRR 0, FRATT T4 Hh VR 2 RS B 15 43 BT A B AH
LT O T ERA A T R I A 2. RIAEAD B BT R DU IR Rt BUR B S 73 B 2% UCNet AR EL, FiTde 772
TE7S PR 6 RGeS 5005 T (R i HE A 2 P S0 3R PR B OB B T 2.92% 72 A5 . BRI, FEAS 7 i i 78 J2 1) SR eI B
T RRATT R R R B S o A A B A 1
3.4 HRLSELG

R T BRAE TR H R O BUR B S S T a8 v I S5 A A M, BATTE— 2B xd L T S iR R R A A R E R
1) SR BRI 25 L. 129 R S8 2 TEER T 142 TR H B B 55 20 A 2 o ) 8 SIS 5 M A7 T 1) 0 B AR 2 T3 40 28 BT
{6fi (O AS [0 i 3B A5 SR (TR0 8325256 R, FRATTSR A 92 GINA-HILL A1 ACMP-S-UNIWARD i 5 53%, i
ZN 0.4 bpe. AHIESLEG B BRI St ib 45 Run .

o FTHR IR S /) M A8 vh & RS M M RE . FRATEE T It R BLERFL T 4 FioAS [ &5 F4 %o A6 I B A SR (1
W, 3 S0 s 7E 25 IR A AE SR B B AT B 2(a) B A AN, 76 2 TR A AE SR B B A A B 2(b) [0
ZEAY R, A 0 ZE 4> B R F T i 2 A3 A B e s, DL R A R0 2240 B R TN L iE
R IR 4 BN R 58, AR SR s g5 a0k 6 FR.

6 PTHRTT IS AN G5 A TR R ST DI R < LA (%)

ENGEEL ) GINA-HILL ACMP-S-UNIWARD
FET RRAESR I B A il 5 R 82.60 86.50
T CRFAESR Y B 0 ZE B 83.15 86.88
FEFI GFAESE I B F O 22 20 B AR + Bk 22 2 [A) A 5 7 4 s st b 83.75 87.40
FE TV GRFEFEE BAEH A0 250 B B + By 5 g st 84.15 87.23
P i 84.55% 87.64*

T e RORAEAR R LT BRI A 45 2R

I 6 MEE R, AT LURERILLT 3 s A (1) 48 0 22 3 B AR 26 T 1 ks ) 2 302 4 T4 FH el
BRI E TR, £ GINA-HILL f1 ACMP-S-UNTWARD P Fli B 5 5 v R A I HER R IR THIEFE /3 A E T 0.55%
H10.38%; (2) K A0 22 43 B A £ T 0N 1% 22 22 1) 2 77 38 s AR B Lh - 48 ) P ot 22 00 B AR 2 T 32
THEE 3 A 0.60% F1 0.52%, SR A0 22 4545 R IR 32 3000 38 18 v 5 7 3 SR HAH Lk A ot 22 0 B R I
F TR BT 1.00% F1 0.35% FISETHIREE; (3) FAVATHE H (B S A B 454 0,5 0 2243 BRI TR, Fk 2
T T ) S SR AT HRR 88 3 VA R B R, % 3 [E A AR FRA AT AR R R B R RS A T AR, SR B TR
RERUT AR DL, DRk, tB3R B T FRAT T A 2 AOABE 2R 3 TR0 R0 P A 2 ) B8 iR Al g A B AR T

o JITHR H 1B S 43 17 28 23 BB BRAS MI R S . ZE AR SRR oy, JRATIR TR AR AR = T 1) 4 B B 1 A [
BRI B SRR 1 2, AT T AR b E ISR, — iR V2 T3 TR 2 S B 5 B 4
AR P IAG I, 51— PR FE TR INBRS 2 2% v B 8 F B AR W 7 ZEAL)2. SRS, FRATIXS7E 25 8 B 7R
AN ER R NE B AT ERAEAT 7 525, WK T & 702 M AETE B SR I 45 SR M. AH RIS ie 25 Rk 7
Fi7R.

W 7 LR, AT LA UF B s I (1) 7E BT th B 2 v P 4 )= V) J7 Z2 it A b T4 R P 3834k
A DABE i B B 2 M 2% BOAS DI L B, E GINA-HILL 1 ACMP-S-UNIWARD 75t 5 77 725 F $12 FH 8 5 40 il ik 3] 1
2.25% F1 0.74%; (2) 1EFTHE H B RL ) 43 2B B B A A T B2 2 2 AR B 25 2948 0T LIAT 80 3 T A6 I ) R R,
TE W A B 5 5000 T S R THIR B 4 AL B T 0.86% F1 0.44%. [Rlith, 7EAS T f 43 25 BSR4 R W 07 2 Ak F0 25
TR R RN, BRSNS (R A I 14 R ok — 2 AR T

o TR KIS T8 1 THRA P OES B SH 0 MLm. /ARSI, FA TR 7RI 3 T B
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{9 H 0 22 25 AR Bl B R 2 880 0 138 436 X RGN 1k e 7 SR (1) 2 . 2800 6 2 FH Rl v 0 22 40 5 AR R il 25 R k47 il
A B, BeAE 2% B B FE S BN RN AR B a8 B (5 B oA E T 25800 1Y 4 FhBUE, 7251 0.3,0.5,0.7 F1
0.9 AT IZEG. MM [ SEIREE R ank 8 Fiw.

R T Y B R SRR AS T HEAR L EL (%) # 8 FTIALZESBFASEL o I Rk ST A DU
PNGER2 GINA-HILL  ACMP-S-UNIWARD HER A LA (%)
4 J Pty 82.30 86.90 SH 6 M1 GINA-HILL ACMP-S-UNIWARD
TERE 83.69 87.20 0.3 84.20 87.60
B 752 84.55% 87.64* 0.5 84.45 87.05
T o RORTEAH BRI DL T Sl (1 45 0.7 84.55% 87.64*
0.9 78.95 85.25

T O RIRAEARLF O S 4G

i 8 BIEE R, BATAILA LR AR (1) fEFTH R ) A0 2 0 BN A& S8 0 (B8 0.7 B 5 &
WA I ZE B, A EL T HoAth 3 FRERME, 7F GINA-HILL fIl ACMP-S-UNIWARD W Ffi$e 5 5 ik N >F 2432 TH g 45 5l
IEH) T 2.02% 1 1.01%; (2) LRGS0 A 0.9 B, Fragti A 4 i 22 R I, A8 LG T 5 dF (1 BUE 0.7, 7E GINA-
HILL 1 ACMP-S-UNTWARD " [#) F &M% FE 43 BIE 5 7 5. 50% Fl 2.39%. Kk, 75 B 20 (1 v 0 22 0 B R 1
E RO EIRANTBEE N 0.7, BEWE A 55 I i ARG 1 B

o FITH H BIBE S S0 M7 o b 2 T ORIV 22 25 1) 90 2% 77 3 s S b T A ) 0 8 e 2% TR 7R AR S b, FRATTER 7T
(1 A A1 = T JRURN R 22 245 [R] A 3 7 38 SE AT HR A P S [ 307 18 g 25 0F A0 I8 R s SR IR 5. SRML JIEJ %8 A1 Gabor JE
B BR S W R R R OR SR IRE ik 2 I SR % TR, BRAVIAE B3 O it fe Y B0k R R e e % AN IE
TR ANTR 2223 ) 7 A7 8 m AR H 2y B8 T SRM/Gabor A1 Gabor/SRM JEJ% 23 3% 4 FhgH & 34T 7 5206, HE LA S
I 45 UK 9 Fis.

RO TR A B Y T 0 08 AL TR P A5k P i 4% 10V kS A 0 T Tk 23 LR (%)

EFR Tl 22 2 [y 2 Sy M AR bR GINA-HILL ACMP-S-UNIWARD
SRM SRM 83.30 87.00

SRM Gabor 84.55% 87.64%*

Gabor Gabor 79.35 83.25

Gabor SRM 83.05 86.70

T R RIRAEANRIEOL T R AR

IR o UL R, FATRTLE LA B AR (1) A5 = 7 AE FH SRM S8 28 Ak 22 7 1) 2 7 38 s e
{8 i Gabor JEI S0}, TR 7 VR 35 i ORI I, AR LUF 25 T JURIER 22 23 A0 74 2 ) 3 S Ll A SRM i€ it
2%, 7 GINA-HILL I ACMP-S-UNIWARD 1 [& 5 751k T TR 2 BEE] T 1.25% A1 0.64%; (2) B TR
W 28 %IRRT AT R P Gabor JIE I 25 BRI M B8 5 22, 150 W 1 2 #1008 ) Gabor U 2842 B0 ) il ik 22
ANFN TSI J5 42 (85 A3 BT Re ISR . DR, FRAVITE B4 B Y w34 28 T R0 RN Bk 28 2 [R] VA R ) 38 s A e 43 3 6 P
(172 SRM JEJ 51 Gabor JEIE A, 1 F T-H&FHAL R (40 IR I
3.5 RERAFIIZRMIEE

T RTEAR RN R T (A2 0.3 bpe A1 0.2 bpe) RS Sk, B8 1 TR B2 S IR S 40 7 ik i@ (8
FAM KN ZhEk 2 M E B AN R R AT IR 2 ST RO SRNG. DRI, 78 TR H A X 45l Rt R b, FRATT 20 SR 173X e
PRI XA IR A2 T BB S B SR 5. 72125556, AR A2 GINA-HILL 1 ACMP-S-UNIWARD
PR 5 7 ik, o AR RN R AT MK IR R FH B2 A0 0.4 bpe AR R B9 Z5:05 32, T 3B A% 2% =1 R B9 25340 R
14 120, b2z S R g A IV N 45 50, 80, 100 RIS FEE A F R 0.1 £, TRAIEEIX PRl 2515
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W& N 2 AT T X LS B, BARKSR B 2 AT H B B8 S B R IR RN 2R R TSR A B VI R SR B+ 2 B 5 Bl s
e Rk 10 fok.

10 RIRAZE N RIS 27 1R S 1 250 B e 0 #E At 22 LL AL (%)

RN T3] MGk
(SICPIRFS
0.4 bpc 0.3 bpc 0.2 bpc 0.3 bpc 0.2 bpc
GINA-HILL 84.55 81.75 78.20 82.15 78.70
ACMP-S-UNIWARD 87.64 82.40 78.20 82.60 77.25

MR 10 FISEIREE FORE, FATH LR W AR BL: (1) 7E GINA-HILL 1 ACMP-S-UNIWARD #5577 T
17 0.3 bpe F1 0.2 bpe, KA Sk I 5 552 & A4S I 22 I 22 B0 R R AR 38 2 o0 SR G 11, B4R SF I 3L THIR B A
0.04%; (2) 7 ACMP-S-UNIWARD [ 0.2 bpc F, i %% ST BIVEREEL DGR I ZRTELF, X Pl LR B T 388 % = I 2k
A (RIS MG R, BRI, N T E BRI NZR A 50 B AT PR PR R, FRAT T T BE AR NZR SR (92 Sk I RS,
3.6 MHXRSSHTEBEILSFRIIM ROC itk

FEART, BATTE SE EL A 1 BT e A 8 55 o0 A A 28 55 B ) B A 328 IR B 27 ST O B8 S5 o0 A 7 vk B SO HE . 8%
SR, FATRARI 0.4 bpe T GINA-HILL 1 ACMP-S-UNIWARD @ F B2 5 72347, B 4 85 7 e
SRET HHAE O I TR B 2% SY B 'S A T 5 i I SRAE A T B R I A 2R ARk il 2. AIET 4 T RUE S, BT RS 4
M7 1 S 6 e 1 LT 75 AN 4004 R 0120, T SRINet A )11 536 AP 33 0t 22 L 36 111 4 A6 00 vEE it 2R ol s e
K. 534h, UCNet IS BE A B 51T IR B, WISERNet R I — % (1 [F I e i R u A4 58, CovNet AR &
DI ZRIE R BRI SR N e 22

0.90 0.90 —
B %i%{] % wrvwrv‘.rmﬂ“ —FTRITIE
0.85 | e 0.85 T y *’mWJ-rW-—UCNet k
L : ISE i - e N
0.80 | | g eyt <— UCNet L |
IIM}NFJ.W“\M il .l M‘T
. 075 [ flydy WISERNet bl g - ‘
g o Lih il g
5 070 ]~ ﬂf y 1 l ’ } 5 | 4
< 0.65 | .\JW"{L I < SRNet
tﬁ‘ﬂ iy I A f
0.60 [ A . | 0.60 CovNet
055 ff CovNet SRNet 0.55
0.50 . . . . . 0.50 . . . . .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Epochs Epochs
(a) GINA-HILL ~ f4i k= i (b) ACMP-S-UNIWARD F {8 3

K 4 SF GINA-HILL A1 ACMP-S-UNIWARD B& 5 B3E A <585 /0 A 7 iR R SRR I SIUR & B

FLUR, N T S A TH R R BT AR 5 A R, FRATELAL T B R (L UG B2 'S 4 TS 20 5 4 D0 LU i 6 T
TREE S I IR S /W 7772 ROC 2k & AUC 18, %3256 2 7E 0.4 bpe T GINA-HILL F1 ACMP-S-UNIWARD
PRI S 7 v AR T T, B S oR T FTiBa s a0 A 5 v FIAH 5GBS 43 i 5 1 ROC 714 i 28 T DL A AH
M AUC 14.

MBS, FATH LA ER 2 DL R0 (1) BT H IS 404 32 (12 Bl H R J9“Proposed”) ) ROC Hi 2k i 5
1 ROC B 72 b A R I IF, UCNet A & BUF IR I, 1 CovNet [ ROC £ R IR Z; (2) X T AHRLH)
AUC 18, A 1 BRI ZE GINA-HILL 1 ACMP-S-UNIWARD T HIE 23 BiE ] T 95.59% Ml 97.35%, AHEL T %71
ZF) CovNet 20 HIHG#E 15.78% Fl 15.34% (3R THIEE.
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