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Abstract  Adaptive image steganography algorithms have emerged as a means of concealing
secret messages within image carriers, employing a manual design of distortion costs to guide the
process of message embedding. The primary objective of these algorithms has been to hide secret
information in regions of the image that possess intricate and complex textures, thereby thwarting
feature-based steganalysis detection methods. However, the rapid advancements in deep learning
within the field of steganalysis have posed significant challenges to the efficacy of manually
designed adaptive algorithms. Furthermore, there is a pressing need to address the statistical
anomalies that arise from the aggregation of complex textures towards the boundaries when
employing additive distortion-based steganographic encoding techniques. To tackle these challenges,
this paper provides a general summary of the strengths and limitations associated with various
handcraft distortion cost design. It also presents an paradigm of the existing design paradigms for

adaptive algorithms in the spatial domain, considering the transformation rules of UNIWARD
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across different embedding domains. In order to improve upon the existing techniques, the paper
proposes a universal domain steganographic transformation formula based on the embedding
distortion cost p. This formula provides a flexible framework that can be applied to a wide range
of mainstream algorithms, enhancing their performance and adaptability. Moreover, this paper
introduces a groundbreaking universal domain steganographic algorithm known as Canny Gauss,
which capitalizes on multiple techniques to achieve highly effective message embedding. Firstly,
the algorithm employs the Canny operator to perform texture segmentation, enabling the identifi-
cation and selection of regions within the image that possess rich texture information suitable for
embedding secret messages. By leveraging this approach, Canny Gauss ensures that the embedded
messages are strategically placed within areas that can effectively camouflage the hidden information.
In addition, the algorithm utilizes Gaussian blur to scale the contours of the image. This step is
crucial in guaranteeing a seamless integration of the embedded messages with the surrounding

To further

optimize the performance of the algorithm, an AutoML framework is employed to automatically

textures, making them inconspicuous to visual inspection and steganalysis techniques.
search for suitable threshold values. This technique enhances the overall robustness and effectiveness
of the steganographic process by dynamically adjusting the thresholds based on the characteristics
of the input image. By adapting the thresholds to each specific image, Canny Gauss maximizes
the concealment of secret messages while minimizing any adverse effects on image quality or
detectability. Experimental results demonstrate the efficacy of the proposed universal domain
steganographic transformation formula when applied to existing algorithms. In comparison to
UNIWARD, the algorithm presented in this paper exhibits improved stability in embedding
distortion costs and enhanced steganographic security. Moreover, when coupled with third-party
weights, the algorithm showcases notable improvements in deep steganalysis performance, with a
minimum enhancement of 2. 6% and a maximum enhancement of 14. 6% compared to UNIWARD.
This paper not only provides valuable insights for the design of adaptive steganography algorithms
in universal domains but also offers a new strategie to counter deep steganalysis detection techniques
that rely on texture features.

Keywords adaptive steganography; steganographic cost design; universal domain; Canny operator;
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e fHIZIE O B, —F 22 HHZ 08 1, % FACH B K. X
el 75 5 10 IR AR R 0 2R R Y AR S T R b
M A U BB A T bR EZ R SR R B
WO A Ge i i Bk AR
{B M5 i & PreCover [a]{ik i &2 Cover J& 45 1o
BT AR g R A A — DR R e %
UL X AE— B L T ST E BB S
4Pk, L, Butora 28 NPV 4R TEES R T o, 18
Tt ST J5 ik M Bk e v BAR I F
g =Ql;/ged(Q} Q1)
C.]_{—Fl, gi.,0d2=0% g., =1 13)
+oo, HAth
LO:?/: (A—=2]ews ) eci; * Ohcrn
1 (13) fF 7R, Bt PreCover B HEfL 3 H Q™
Hr (1—2] e, | )42 JPEG B jm) ST 8844 1k i AL T %
B —MRBEEAL WL, PQ LY ST 2
S EZENTE ¢ 1M Butora 55 A 2 52 56 551 1
g5 S R T R (i i = P R A o e I (197 i P e A O IV
MR Q7 HATEW Q" 58 &2y 4r 8L 451 5 1
23 PVEICH B B 80T 7 AR 1 52 1 A B 25 ) Bl IR
B2 W AT RE 7= A e G B 40 1750 FF AT 3
4t ST 1 A DA R AP Ui L X B8 T R AE 1Y) R
Bl ¢ B,
Z L 2 BN A S i AR AR B MR R R R
Tia) XoF 7 i A 388 2 A8 5 T 5808 1 1 2k ELA R Y i 7
A A G RISE BT 7 A2 e 38 1 15 1. W) 3L, 7R 3k
75 7 HE 25 R ik AR E oR BN BB — — X i
b S AE X B 1 28 BT SEBR B A A AR R o VR
M UNIWARD it R i€ B & 6 7. 4R K IE

FIR W) V7 2 2 BB B8 1 TG HE R B AN 3 A i AR L
X 7E Canny Gauss B3 H 68 7870 AR BL.
3.2 Canny Gauss [25 %k ERMNi&it

BUAE AR SCKE T3 Canny Gauss 5 3 FH & N
B 5 SRR AR BT JEL e A O B 1 1) b i 32 X,
e AR AR SR T R R Fridrich % A
FEH YA K& MCMC R AE T 55 30w A RUAE, 5 22 52
B2 ik Gibbs SRAT AL RE AT RO T R e K ik
ARSI A, Hodr, Gibbs 15 4 fi 5 2 06 B K 1k
Jo7 o AH B 5 AR R 4 Ry BBl B /DN  FE R R L bR R
BB B, 3 R A 42 SR 18 B AR 1 A R fel ik A
B 2% Bl SR E S e S0 BHLJ) HL o 0 I ik 75 2 8 4 M
SR/ F B TN 5 (R B R B O R T
R BEDL IR A A R A 35 o e B AE ik A G R R 3R
71N B R AN S P 08 A S AR A B R B, AR S
HEFL VG Sy 4 Jay W S5 /N R B 96 e R Y BUZ AT Ak
FR. X5 DA UNIWARD 8 WOW 52 £ 017
/NPEIE B HILL 5 2 Ker-Bohme 3§ J . MIPOD 5§
GMRF 5 Z H AR MRS R 22 ) 481 & . UERD 5 2
DCT &%(i% 2 . UT-GAN/ADV-EMB 5 2 IR ¥ &
B RESE T RS 2 B R AR BT Y kAR
BRI BB T I A A AR T X R 5 i T R R
(52 Canny Gauss £ 3 £ 4 fiz K X 0 F I, 2 W
i B SO A2 2 X AR AR A I Y S A5 S T G
TG ACA R TE ST A BB IBE b & m
JEEAR, X — W s 2 7E XS 7 HoA 300 77 =
AR BN B R 2RI 0. B ZEh
— P fai 4k 32 B £ 5, R i Canny Gauss 7E
AutoML # R B Be I SGE FE L 58 B /I x5
HILL 2577 58 B 5 A48 AH OC I8 I A% I 2 i A IX 1Y
T5 AR ). ISk Canny Gauss B2 H 2 H]
R 50 UE HIf SCHE Y B W BR S R Bt AR aE
S A4 08 DA R T T3 v e HE T R A 5 1
W15 . TR0 48 it iy B R Se B, Lk
MEZE AN & 3 /R, R AR S a2 ] 43 = A A R
BRI K Vg X 7] IPSR (Inter Pixel Smoothing
Ranges) 7155 % DX AT 1R 2 i A Hl L 356545 38 i
Canny 57 5 G0 AHC B SO % BRI i A
X i B CGPM (Canny Gaussian cost Probability
density Maps) , )5 & B AutoML £ R 442 5 &
B rER .
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3 Canny Gauss £ #4311
3.2.1 REFH X[ AFRS -3 11 DX 3, 5 0 3 A 4% 1 A6 R B 3K 2 X 0

MRS WA TR BT A B T E R
RN I AR 1k 5™ 52Kk B0 AR i AR FLAR Y
FW R Bt TS R BB & H T & FE IR 28 %
AHRAM B E X AR R AR R BUR ER 1Y i T
AR s PR TR0 03 B R R H T 16 1 i A THRL &

BTEFRE AR R T AU 52 B ik A KR i T 32
PRI ARG 32 A R A B A R BN B A iR
AL E AR A8 2 T 5 Bk A G &L 1 A AL
A% L o MEir AR H.L & 4 R 1# 4(b)
Z7~ bpnzAC (bit per none zero AC coefficient) iy
0.4 i SFUNIWARD #4218 4 (a) 5 i 47 A 2k 2
T 4 Ce) 2 =TT R 4l AR 38 v 1] 8145 2 g
(25 Rk 2. 6 R [ s 3 1) DXl 2 3R R Y
PR A HL A 28 A X 32 DI A0 AR LR
718 33K 2 DCIUAF XA 3 5 A o 1B B AR AL A S 1Y)
PR RT A AR TR T S kA
EHRAOHAZR. Lem TREARR min DX,Y)

() =m

ML TR AR AU oo DUFS IS FIE S T
PRAE IR A K BAUH e /ME B B 8 7 AN GE 5 A
(1 AL X PRI Bt X b [ A 25 B R AR T R
FLARAY 00 2 25 167 P 240 O 2 i B DL A B T R
R HEFIH B B K A SCHR AR P X ] IPSR
PLIR s i A I S 2% . TPSR i 44 S SC 14 % 5 2 1]

(b) (c)
B4 A S R R

[ JR i 22 S /N R AR R
Edi/yga(2(X{‘.]*X,',j))§5(a) (14)

= (1) Fr 7R A SC LA BIE o 43 %) 80T
KN, M AT th Rk 22 W S o e
SRR, P KR 2EFE LR (o, R
BT R AE D 2 . X BLAH B Gauss BER] + K-Means
RIOR R o MBS, X K-Means BB 00 5 . /i
— 5 Gauss BB 7 BG4 50 v 58 S 0K AR L 5d it
W5 4 BT 5 1 BB IE S A D ik AR B A 6
o PR RS ) R L b A 20— R I 2 R A%
PR IG S 0 A6 1l 2 29 SRS 181 19 X 33 aF Gauss 54 i
B, Fi i K-Means MR I5IA B 5 /T4 AE 25 AR
W R R AR R R A S A
PR 8 ANARE T S AR R AL T 1 XU A AR
(10 HBE 256 6 L 122 a5 LA 2 A 1) 22 (ELAE TE /N B i
ARy T B AN A0SR A SRR R 22 A T
(15 U TA R 3% s b - S0 AR 2% X 3k B bk — 45
B 2O AR B % 4T B 7 1 X R R i AR 4B 15
B A PS80 S0 e X B TR

G E S Prs BOZR R <A TS
07 1) (A5 28 38 2 D0 2R 2 5 L 1408 I 11 480 o
R o S0 B R T AE 23 0 [ X B i) 4% 7 1) SF- A%
JEBERIP O ECFBERE « MR ES

B R 304 B A 5k 22, B4, 4 5(a) . (b) (o) . (D)
Q@ ORY O
N @ o

(c)
Bl 5 ZEMl, BJr 22 BRI AT R R R E R B

(d)
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4 FEBLI R 2 r=aNbNeNd =07 D, M FES
B AR A E T K S0, B i R RN
TS

IPSR=K-Means (|| (X—X")®Gauss) (15)

AFL 3 b D 2 249 ARt A L O 32 £ A XA
O™ B ANE 6 () AH TG ge it i an s (15)
JI7R  IPSR Jeil i Gauss 50 - 18 5% 2% , A5 B 2
s R 6(b)). Hof, Gauss I sh & O
LA B B AR AR IR R Bt 5 o W A BT X D
B2 MR AR S BR FIZ G T N RS 4 M R
iE 25 Y o IS R BB (5 B [X J8k 0 TIPSR BB S X, 4 F
X IR p 38H T — R IE(E.

@ -~ (b)

5 6 IPSR %% 2= AR A 45 R K
AL g & 6. (a) o B 12 °F B 1530 10 161 1% 5%
25, (b) B3t Gauss B AR5 1 5% 22, % TR
SO TR AE A TS K I A5 2 =1 B}, K-Means
B e AT 528 T X3, S I 7 A A A [ B
£ B TN 55 IS 8 NE VA Wi 0 o o I i R LA RS2

T Bt AN AR A, R TR 6 Ca) Hf, P68 X 08
A5 P A9 A L BB X3 ) T A& AL T B 6(b)
K-Means B3R 18 % 0 5 SCE 7 (a), B it Canny
Gauss [T X A G8 X T g 2 0940 & 0B, Sy 2 3
X e 2 3L Aty Horp L [ 7 () Canny 55 BI{E
Sk H 7 KR B s A S B, I & 7 (b A i
Gauss 5O 1 H J5 (&1 5 46 A0 385 1) 2 S0 i A DX 8k

(a) (b)
&l 7 CGPM U3 K v (v B0 8 45 R om =

3.2.2 Canny S0 % i 1k

AR 4R TIPSR i 8 th 19 T 55 XA Ry ik AR B
A B AL AR 25 TH L U)K S B0 3 19 1R &R 0
A7 BT L B R T R 0 R R A AL B R Al 8
JTR R XA AR LR BRI TR AT A R LA
LYo B T BRE A B 5 0 5 R I B 3 ) R R 4
T 8 Ak ek AT UL, BRI RS
HE ZEAE 25 78 2 A B, — B G8 SR AR A ik A R
ANBE VR I H I SR B B B XU, PR 1 2% BE O I
FRAAAY A 25 0 24 o PR ) B I A L T AL %
KH.

Schemes HILL MIPOD Ours (IPSR) Ours (Canny Causs)
Change Rate 0.0906 0.0948 0.0706 0.0965
Py (MaxSRM d2q2) 0.5920 0.6547 0.6623 0.6196

Kl 8 Canny Gauss 5 HILL F1 MIPOD 75 78 Ul 68 K B2 [ 150K 008 B G i 28 5% 1L

WE 8 H T RILAY . X A B ZE 3R (Change rate)
Z T i A B 8 R A S YRR K B AR R AR
MR BE T maxSRMd2q2 &R & FRAE 2 AR 40 B 4 4
Tl d2” H Ak K8 2 1 maxSRM ¢k, F ok
BOUE 45 7 0 5 G0 T Bl e W B P R 3
F MIPOD Il 45 i) maxSRMd2q2 45 4F 7€ 4 & 1%
(G T TF B €. MIPOD F1 HILL {4 ¢ A 5% 2% ¥ 1 %
SO R X ORI R IR — o TS

MKW G 5 1 J5 — J7 o 8 25 I T
P LR R 1 A 7 TR R L A A AR B A
AR 1 B iR 22 S L (E B 22 1) 2R AR 1] BEAS fR 5
— B X S 7 ) S A DCROR XS . A
FEOM UL F W A 38 N RS 1 S 5w 2 AR 3 A A
G IR SR R XL AR R VT2
PR S W T L LA R 5k 25 1o S22 S0 TR SR A 1) R R
TEIE 2L B R B A SE Y 2 L DO TE R IR R



222 it "

Hl

L
¥

Eii 2024 4

MR R B R 8 TIPSR Y BRE 4y M S S
45 2 (5 R WA AR AR BRI 3 v ) 5 ] B o 2R LR
TR TE R ARG R R AR 2 FEURATEHE Z R,
JE R 22 1) 0 R B S R B S RO [ R A
Canny Gauss [ 78 8 {5 2 B3 B 3K HE i 44
i TIPSR 5 MIPOD 2 [a] i £ J 5% 22 AR . W] LA
kA b 3R T o A s R O ) R A

H T L e A B B AL S5 L 7 %5 5 AR g DX R
PN R A B 72 5 B 50 23 A 09 R i I A S
DX I A B DX B 3 B o B AR TR LR S A
FH — AU SE Z L U AT 304y SR al RE R AR 5k 22
AT SO A IR T R iR R U I il R R
DX B A e R B DR SR A C16) FT s

min max

/i€ xroueh DCy; ;) Him)

1
s.t. H(rp) =—
o gzm

HRAE & 8 FT 7R 45 5 S 2 SO X I A0 4% 55 125
TRE% 22 . LA A TR 22 M RS A A 45 SR AT, S B T
7R S 0 Ry % 25 AE XS K H R e, 2 5] T
W/MEE M D MER . 5 T X 58 2707 1L
FRAHH L & 33 5 3 AR T g3 52 % KU, 25 |, Canny
Gauss %0 S & SR 43 #1109 #A B2 03X — ¢ R B0
LIEAT B AR 7 Ch) B AR SO 0 S0 % 4R
XA T 4 A 1Y 28 LTl AR 25 45 R e HILL
i MIPOD ) £E Hhix A XSl e i

X = Canny(X) ©Gausss
{}/Median[Hist(XBl“)]

BRI MR 4E Canny 5 F 4K 15 S0 9 1 & X
TR X B N R e B S B R AR R R S
SIEAC. A7) frs 5 S K EY Gauss
R 22 A SO G J3 25 i i AR 4 0 B X B 2 5
17 FH By T A 3822 Ak S 19 S0 B8 T 5 BROHS TR 47 B0 Sk
PR R s AR5 LA B R A3 2 A S0 B A
Xof ik A B s i (18)

N {X?‘f (14 52500) . Xtz
0, HAthy

B Ja B K TIPSR AL XD I — Ak 5 i £ k4l

G HHBUEN % BI 2 Canny Gauss 28 380 28 AT -
1

+ As  Density €2

e PP ]og 72(1/1)67/\[)(” (16)

a7

(18)

——— 1
Pasa 21 PSR (o) (19

Al
LR IS i A SR B 5 3 A 1R B B R A
Bl 8 Jr 7 g 0. 0965 3k — A5 AL UESE 1 iy SC 42 2 1Y

AR Loy B BTE BT B 2 G R i 45 k. 7E 3Rk
Bl TR P S T s i A% R S L A9
SLIASCR A MRS L B AR, 45 R E 9 Fros,
(a) R WO I i A R AR 1 (b) Bl A
J&5 1Y 25 B85k 2. Canny Gauss 38 3o 5 € 155 X, )R
M B T Y AT 8 A ] DA R A U S R o [
Vo 0 L 2 v T DX, AR A R A L P R R 43 DA
B R Jry B 52 A SUH X By

b
B9 R ITARAY o gk 25 BE

Canny Gauss TR AR MEL 1 Frs , 4850 ¢ 4
o b 2 A B 25 0 B UG - X A% 00 S 8o IR X (15)
MAD PTG, BAR R Z o FIER 4~6 17/
ZERANE 9 Ca) FF 7R #E 22 3 TIPSR ML A XD kg
i Je s H & A5 R RO PR X TAR R A M
TR HbRE T 5 RO A S 1 5 i B AR
25T BN R T R Ry 2 SRR o —
2H 5 R 45 R I X AR R, T~ 9 1T 2 kG
5 5 HEL 5 A 5 T 90 40 5 A0 I XoF I 45 R IO 1 4
FE. SR 12,13 1743 R R T A [ R 38T 19tk
AR E R B BAR TS HL . Canny Gauss $RIAHY
T 3 () 3 R L o RSO 3 3 S Y 3 e R 4 8 =
e A B B RN A5 BB R e AR I LR ALk A B
R CES AT SECE LT SaT R SN ¥ ¢ 2
SEH Ry HAA O ER TR TR AR BN B A Y
Canny Gauss 5 H A )5t A= 5 45 05 2 09 % 2 vE &
WX LA R o IR RS R BB
MENZ AL, 5550 BE v W46 RS 2 A v e LY
FRAE BT R GE T 2t e A s 6 v 1Y JBOC(E AN i —
H— e B B 5 o3 B AR DGR AR TR . R kG s Sy i — 25
P 5 B 5 e B A FIARE v AT RS A
FROESE 45 .

% 1L

B : BAREG Cover; 8 S BUHE hy _set; FEHLEN F rs=

T;e=xRAA5;y=xKUD;0 =1 =10
Bt B AR Stego
1. TF hy_set is None:

Canny Gauss.
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2 Initialize;
3. ENDIF
4. dry_blur=Gauss(IPSR(Cover) se) ;
5. canny= Canny(Cover) ;
6. dry=K-Means(dry_blur) ;
7. IF dryNcanny>>(~dry) (canny:
8 dry=~dry;
9. END IF
10. canny_blur= Gauss(canny,y) ;
11. canny_density=3,(18);
12. oy = (195
13. oy mpan — 20 (100 /38(12) . (13)
14. STC,SPC,SPSC, ##LLi# A 5
15. return Stego
3.2.3 AutoML BZH# %R
o1 T Canny Gauss I 73 11245 F1 73 B = A i
ANBRE 2 Az 15 B A R SR i gt
Bedly RS R BEACH =X (18) [ L85 B 'S 43 B ik
RSB e,y BV G, d T NS [ 5 T %) i
BB i A BT PR 28041 1Y T - 2R B LA AR AIE I
A HERA M. 1Rt B 20 A R AR SR A R TR
ORI X TR — A U T O B L AR AT AT R Y
SERE R TR BAR AR IR h 1 SR 7 .
PEEEE AutoML FORBIHMETH KL 580 RIg Tk T
A A3y k) z B R C B AL L £ H ARoKR
it SN A2 A7, H AT AutoML 82 WA T B {E
VEHE VRRIE TR BRI 3 45 2% A HL g 2 I 55 T
BT AutoML Y B {5 28 SR s H 8 58 3% . AR A
o BEAL T3 ASADLIR K BEAIL B 0 2 0 2% 55 Rt ]
AR BRI A SCE B AutoML HEZ2 NNT 52
PR LA F A5 B 5 ROR i AR R B IS 2 s,
Hix2. HSHHEZR
A« B R B0 4 (N Bossbasel. 01, BOWS2 %) ;
S EE A by _set (e5 75545 Wl e, y €
2k+1,FENT <1054, 350: ~Uaq 10
i e« BRI ) N B AL S HUBE best_hy _set
1. stack=0; score=INF; m=size(datasets)
2. WHILE current_step <immax_steps:
3 current_set=hy parameter _search(Random Walk,
Evolution, Anneal)
FOR i in range(m) :
stegos[ i) =H ¥ 1(datasets[i],current_set srs)
current_score~+ = steganalysis(stegos[i]) /m
END FOR

IF curren_score <the_lowest_score:

© [ee) ~ (2] (@21 =

PUSH current_hy_set to stack

10. broadcast (Random Walk,GA ., Anneal)
11. resample (hy parameter _interval)

12.  ELSE.

13. random resample(hy parameter_interval)
14. IF size(stack)>10:

15. POP worst_set {rom stack

16. END IF

17.  END IF

18. END WHILE

19. return best_hy _set

HIBERE 1AL B 2 B9 H AR ) AutoML
255K A5 R iR N O A DU A G B R 2 40 Tk 4
it ) JBUMEL 5 B2 5 0 A i 1O R AIE B4 A OC, AR Sk
Z i AutoML 58 (55 FEPL S % it 5
SRR L T AN [R] T 58 ) B ) 72 36 9 [ A7 7
BRI RS 2 3 2o 07 8 7 4% 55 7k i 4
B I 22 A 1 R I BRI PR T — S R
A FGERIGE IR R J7 S5 0O # A5 R ARk
B PR B 2 MR R B IF Y 10 AR SR AR AR Y L 2 48
R B E b R B2 4 PE AR AR U SO Fie AR
Jip 4l H A T fie B B Ay iR

25 b B BR SR M B (E WD 2R BT R R
o3 B PR 2 B g3 A g AT B 1) L 3 a4 R
7 0 A i 22 A B S B A S e iR AT
Z. 5UAE TAEAR, Canny Gauss F X P RE
SyHTAS AT LR AR Ay R AR R A A R E A
I ZREF B TR FEBRS 20 A a4 » G I 48 2% 1 A 15 {1 RE K
i 82 AR BR 5 43 7 ¢ B0 5 B4 5 1 24 i i SRML 45
REAIE BRF T A (L A U i G S A R I S AR DR St
THERHE D S g k. o T8RS R Rz A
P AR SCTE JLAD F2 30 00 B2 S 20 O 58 vh k4T 90 20 B
e I 2R PR 2558 % 11 SRNet 1 5k 1/ il 2
BOPE R 22 EFE br. BiR L 2 rE RIS 458 752
Ligsi B G I R TT

4 SLIGHHT

4.1 XWIFE

HATRS 7t & H Pr= PSS
iﬁpx*:r}?in(Pm JPOVENBRE % IR H Fer
Hrp Fr, i False- Alarm, Pyp 4 Missed-Detection,
By 2R H DL )RR AR i PE AR BH R R X E H
RITRE 24 2 BR8N 0 B a8 (iR 22 ¥F A ik Ps=
P’I‘P +P'1'N =1 _Pl- ’ Tﬂ?i%éﬁﬁmfﬁﬁﬁﬂﬁﬁ/\ﬁ
JIr AT AE AR TR RS T 4 8 AR EMEET Prp &~

Prs+Pup
2
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Py » R AS SO T BE 3 ULRY Ps B 23 28 1E 80 F4E
IREPEMIRHED. [FF, AUC(Area Under Curve) 3
78 ROC(Receiver Operating Characteristic) i £k 5
x Rl TR PRV SR 0 Ze A% T AR AN Y 36
TEAf 8, gl 8 B R 250 T 4 20 2 A
A Y IR 2 A

AT BT ISR R 8 P Bossbasel. 01
Kt 4R B Alaska2 Hb FEECHE 4 25 BUHT 1000 5K
PR 25 a0 T 92 50 Bt b 0 4R il > 38
B 5 3 A F0 R ] Scikit-learn HEZR T3, L & FLD
(Fisher Linear Discrimination) T 4325 £% 50 4>, Boot-
strap 4% PRAE B (5 L 50 00 (B AL T4 RRAE o L
80 %% » VI R A R 4 i 45 2 BEALFR - DA 1000 5K &
J ORI 5 TR BE RS 20 A A AR 4R 2R = 5 AU )
% Pytorch 1 Tensorflow W FhAEZE, H e H il
YRor AR ¥ Pytorch & 3L, I ZR 46 F 590 UESE H A% %K
FRAERR 1000 5K & 7 AMA T AR I 4% 9+ 1 e Rl 4
JIr A I 25 565 0E 0 4 3 B2 AT Stego BEAR A Bl REBE HL
B8 1, S0 L T A iR A 82 % UNTWARD
Bt 0 He B ok A IR A AR, Horb, AR

E YISO 12 MR 0 AR S 10 36 P B 5 4 2 e
e 2 X R IE 508 A AT A BRI * 7 LK 23
4.2 BREXESN

TEATTH L 25 4% B 70 25 5L JPEG 380, 115 8L
ST PQ IUAEA [ EE T 79 28 g xt BE. Db fif A 52
6 Y R A T35 A8 A R8T [ 5 O 0. 4bpp/ bpnzAC,
AR A5 AR S 22 ) 2B e B A DR S e P A

ARV PSEE LR
4.2.1 WK

AR R 25 SO LR AR E R =R S
3 ARG U 6T 45 B 9 s N AR OO S T 5 R 3k 2
3 IR, G5 B /N2 Ak B o SRNet oy
55 =07 F P STHRACER , 5 7 R % R G T % 55 7R O
Alaska2 J&aE /5 Hr b Fe By Tesla K80 Il 4. “" 7 /R
U428 A = 5 AR K L ik B SRNet fi
brijeshiitg FF AL &2, i 4P SE-ResNet & EfficientNet-
b0 g Alaska2 25 43 BT bt B8 4 %2 Fl AR B AU, 5L F
UNIWARD | Z5iA% & ; 1} Ps (maxSRM) 2 i & MIPOD
YIRS 200 X T 76 © M8 A f RS K B4 T
153 g AUC 2558 3k BT P s S A6 7 .

®2 ZEHIKEEbpp=0.4 REMLILE

. Schemes
Metrics — = -
S-UNIWARD!®] WOwte] MIPODL8] HILL *UERDL! GMRET1] Canny Gauss
AUC (PSRM q1) 0.6922 0.7322 0. 6250 0.6511 0.8926 0. 6894 0.7878
AUC (maxSRM q2d2) 0.7228 0.7503 0. 6497 0.6616 0.7874 0.7027 0.7835
Ps(PSRM ql) 0. 6500 0. 6600 0.6200 0. 6500 0. 7700 0. 6600 0. 7000
Ps(maxSRM q2d2) 0.7210 0.7315 0.7035 0. 7000 0. 6990 0. 7300 0. 6925
Ps(SRNet") 0. 7260 0. 7660 0.6195 0.6410 0. 7280 0. 6940 0. 6200
Ps(SE-ResNet) 0. 7180 0. 6665 0.5955 0.5975 0.7525 0.6110 0.5125
Ps (EfficientNet-b0) 0. 7640 0. 7450 0.5985 0. 6240 0.7895 0.6615 0.5145
x3 EFpEREENZTEHKER bpp=0.4 ZEMLLE
Schemes
Metrics ADVEMB- ADVEMB- ADVEMB- ReLOAD- ReLOAD- Canny Gauss
SUNIWARDI 20 HILL®2 MIPODI20] HILL 23] MIPOD!23 : T
AUC (PSRM ¢1) 0.7070 0. 6356 0.5884 0.5508 0.5324 0.7878
AUC (maxSRM q2d2) 0. 9006 0. 8874 0. 8709 0. 6399 0. 6429 0.7835
Ps(PSRM q1) 0. 8700 0. 8600 0. 8800 0. 6200 0. 6400 0. 7000
Ps(maxSRM q2d2) 0.8310 0. 8095 0.8175 0.6770 0. 6920 0.6925
Ps(SRNet") 0.5530 0.5505 0. 6280 0. 6260 0.5905 0. 6200
Ps(SE-ResNet) 0.8015 0.7670 0.7265 0.5975 0. 5305 0.5125
Ps (EfficientNet-b0) 0. 8500 0.7970 0. 7580 0.6145 0.5490 0.5145

WA 10 5k 2 &R H P o k_size,d_k_
size,c_multiplier, d_multilplier 23 HI{CFE B S5 e,
Vs s A s default 78 SRNet 7655 = 7 AUE T 1Y &
o Hr A5k 2. Canny Gauss AR 48 >R A 2R £50R1 H)
| S5 A AE 28003 ) 6 % A5 3 7 B0 A e i 4 R
BAALH 1500 8, — 5 1P 4 R B E /N T 1 min.

EER L. 4a B RE RIIET AutoML X
Canny Gauss )% 2T HOR. LB, 535 =0

@ YRR AR BT I 1 I A A AR 23 [ o A DA AR 1 2 AR
5 FARAR M AS L 0K Pra 5 Poap 43 R AR BE, BIR
P Bl IS — 28 GE 2D # 52.

https://github. com/brijeshiitg/Pytorch-implementation-of-

SRNet

®
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T AE 2 Fr IR s i & T UNIWARD FI WOW
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o MR T 12 Pk R 30 B0 8 /N IR A 38 . AR S
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Metrics — — —
J-UNIWARD!?! J-MIPOD 3 *GMRET10] *HILLL UERD] Canny Gauss
AVG-SSIM 0. 9988 0. 9954 0. 9986 0. 9987 0. 9987 0.9982
AVG-PSNR 53,0542 48. 6025 52.0566 52. 6855 52. 9680 50. 8615
AUC (DCTR) 0. 5700 0. 6700 0. 6800 0. 6700 0. 5500 0. 6900
AUC (GFR) 0. 6100 0. 6800 0. 6700 0. 6700 0. 6000 0. 6200
Ps(DCTR) 0.9453 0.7168 0.7811 0. 8016 0.7416 0. 6900
Ps(GFR) 0. 8726 0.7079 0. 7989 0.8074 0.7305 0.6974
Ps (Efficient-b0") 0.7045 0.6310 0. 7340 0.7325 0. 6295 0. 6015
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BeAS SCAR e REAIL Al Y B 18 A R B0 100 3450 nl Y. MIAS SCRT R 335 7255 = J7 ALE 1 Efficient-
PreCover, & 12(b) ' PQ i 5 BB E GG RI 2%, Net fx Il 7 5 SFUNIWARD A [, B 5 B v
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) Schemes
Metrics . s 1
SI-UNIW ARD!? SI-MIPOD#5 *GMRFL10] *HILLM UERD!Y Canny Gauss
AVG-SSIM 0.9030 0. 8389 0.9022 0.9027 0. 9024 0.9016
AVG-PSNR 34.9312 32.0773 34.8153 34.9005 34.8587 34,7397
AUC (DCTR) 0.9200 0.9999 0. 9000 0. 9200 0. 8800 0. 9000
AUC (GFR) 0. 8400 0. 9900 0. 8800 0.9100 0. 8200 0. 9000
Ps(DCTR) 0.9747 0. 8068 0.9579 0.9668 0.9384 0. 8842
Ps(GFR) 0.9700 0.7153 0.9626 0. 9700 0.9347 0.9058
Ps (Efficient-b0") 0. 8965 0. 6845 0. 8945 0. 8965 0.8765 0. 8730

@ https://github. com/daniellerch/aletheia
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