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Abstract

In the 2 x 2 pixel block, reference pixel values was randomly determined by the index function,
And we calculated the pixel value difference between reference pixel value and the other three
pixel value around it. The number of secret data was embedded according to the range of pixel
value difference. Using complementary function embedded secret information to effectively re-
duce the load of image distortion degree. In the process of extracting information, the quantitative
pixel values can accurately extract the secret information. Our proposed method improves the
Jung and Yoo information hiding algorithm based on index function, and the proposed algorithm
has more security.
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1. 518

T EUE A A 2 51 N HSE R rE A, R A G AT 4, F0R (5 R E
Eg e, TAR N EGRL S SOR . B0, JKEN[1]. AIE[2]. BRE[3] [4] [5], ZKENZ A T R4 4k i
ARG NIERZR TR e8I, MRS &N TG B E.

AR, HTMgRE KR, SEBRERTR T ITE, TN EERCAAE, ERIZ B
FERAEE S SR T BT AT TR A . S ) RMB S BRI Vi — R E TR EEZ NG BRmEE, 5
TR F 2 005 B RGBUEE[6] [7] [8] [9] [10] E R B MHMME R IME R ZE, H TR RANSEEE
XGRS AR BBUR, RIS TR 3R 22 1S B R BV ATESOH 5 IR 5 5 T X 4 2
%z

BT TG = 2 1015 B R0 2 1 Wu B Tsai [6]T 2003 4E42H . SR LR 15 EE Mg 2
B SR FERR, RN R FLBERR, AT I 0 3 25 B A5 3= 22 1 L 7 R v i s PR 1) B PRI
N B TR R RS B EEE, 2008 4E, Wang 5 A [ 7] AR BR BU2E RS 30 X I N BE £ 1)
Fb# A5 B (MF-PVD), ANid it Bk H MG 3 22l BT BIE R M SRR, LU 2 i T B 7 B 4 i
RrE] . Yang & A[10]4F 2008 fEH&H 7 — M St il 2k X 3R 25 2 1S B RS (AE-PVD), X
FREER T BN PVD 832 AE-PVD EHH MR EAEA— MR TG, FHHAMERZMLNE, &
NFFE A B R R R ZE A RHE e, B R ZEMAHELE RN BTG R THFERRI S X, A BEARIIE
(s B IERREL. 5 PVD Ml BIEAHEL, MF-PVD Al AE-PVD i ANAR R IR (5 R, BEfRREE
IR . SR1, AE-PVD SR G R I H(OPAPIR AR (B B,  LLEE AR5 bt
Kzl 534k, AE-PVD Hik5| g 5 2 B o7 R 2, Bt DRy TR R = M E .
2010 4F, Joo % \[8]ekit T MF-PVD 5k, ekt E 5B HT, ik BRI &L AE-PVD %, &
ETHERIOS A, WS, EHEEGS%. [, Yoo ZA[11156# T MF-PVD 5k, &G R
TEM NI RS, MATE I EUR 2 RN N 4 x 4 PG EER, R JE R ME R PG R I = A 4
H T N R0 S R B AR AN KB, T DATE AT 4 B RN TR 2 IR A5 . W, AR T2 N
F OPAP BEIR NG B, I Hreets il h g 2 BRI AR ZE (S B

2008 4F, Chang &5 A\[12]#8H 73T =ANANEJ7 R &= 2 15 SRR (TPVD), EVEA G &
T BRAREAS BRI A S H AL RTINS B 5 1 B R A IR s iRt . b4, Jung 58 A[13]42H
% BAG R Z R ME R FIFTERE . Balasubramanian 25 A\ 14132 1 T — M7 MG 25 2545 B 5L
% WEEE R\ G EZ. Jung f Yoo [15]32H T —FIt TR I %, FIFBRZIRAG EH
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Bk, SR T RS R TIRARE G B2k, A INEBRIERBER. R, HHEZ%
YR 5] R 2 i BRI S B G R AN RGP R, BEAMAESE—E Ry
il 2 TR R ARAT 28 5| R R

HARCAARZ R TBREGRBRREL, B0 €0 s, BEINREKREIRATE,
MDEBERE . ARSI T — A TR AR E MR 91 R B 5 SRSk, o 1 Jung AT Yoo [15]48 HifY)
ROl B, EREFERRPISHGRERA —ERREILE, TR B G (B B 2 att.

2. WA
EEG R EAESH RN A GRRA (t=12,--,N), Hi N FRGERRM I FMER
Boh i nxn 8% F (i), Hobi, j(0<i, j<n—1) HaIFmRaE F (i, |) e B b B e 550, %
51 B HOE LT
F.(i,j)=[nx(imodn)+(n—1)x( jmodn)]|modn 1)
BT A E BRESE D 25 G R R RS RBUE N, B #H R a RO s, R EE A
BERSHBER, FEREMEZEELGZAE. ME T258E, RRITHRSARGRNGEE.
fitm, F(0,0),F (0,1),F (1,0),F (L1) & 2x2 E & Herh Mg %, 4
F(0,0)=[2x(0mod2)+(2-1)x(0mod2) Jmod 2? =0
F(0,1)=[2x(0mod2)+(2-1)x(1mod2)|mod 2® =1
F.(1,0)=[2x(1mod 2)+(2-1)x(0mod 2) Jmod 2% = 2
F.(11)=[2x(1mod2)+(2-1)x(1mod 2) |mod 2* =3
AR, A E MR RPN R NS ER R BGRENEE, 25518195 7 A
FELETIRIW, B
W ={w,; =[1;.u;; ]} ={[0,3].[4.7].,[8,15].[16,31],[32,63] [64,127] [128, 255]} )

/|\¥IZ[‘EHVV|‘J EKJJ:\ Tﬁ”\ ﬁgé}%”?‘j Ii,j’ui,j *D \Ni,j ;H\:EP’Z";‘S}E \Ni,j :ui,j _Ii,j +1 ° %ﬁ?”%%%méﬁ
S | (i, )| BT XTEIW, > W5 D (i, )| € [0 5. 5 | « A BEI 5 B R K (i, ) =| log wi ; | i
&%%%,EK@H%:%%%%%%%%ﬁ%ﬁ&+ﬁ%?%ﬁm@no
2.1 MEBEEHRNEZE

W HRI REEREN FERITMERIENSH B R, REitESEGRSHABNEEEG
RHE, WRIME R ZE A VERIE S E A EE B KE . AR mALRED T

1) EEGHREAEZ KN N nxn FFERIA (t=12,N), Hht 2RRGERIFIENNE.,

2) WA F (i, j)=tmodn?, M A (i, ) IEABHEE, WERETHOAMES LR EHREL

E{%%# ®

n

3) TR R b B S 15 (5 2 B A g 2 (2
D (i,j)=A(i.J)-B, )
A (i, ) FRE R B PIR E (.
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4) # D, (i ] |)§T[I,J ,J] TR A IR 5 B R BN K (i ) = Iogz(uilj—li'j+1)o
5) S8 A BB B B ZE AL, AR R R B . AR R 22 B 240D, BB R AR
TR B B R B R IR R Z FMEE N, AT PR I A TR 25 B o R R R B . BARTHE A
/(I
R (i,i)=F(D,(i. i))= D (i, j)mod 2(*) ()
6) M bR ik, (i, ) PR (s R, RS R R, (i, §) o B0, oS
TR EURRIR G 101, BL Rk BN 5.
7) PR BIE IR 2 R B =
He(i3)=m (i, j)-R (i ]) ()
/7"\
G, (i, j) =2V —|H, (i, j)| (7
Forbm, (i, ) A2k AL 3 45 B
8) N T MNME B G BUR R R B, B R A1 OB A5 38 ) B RN B
B 1e R (i, §) > m (i, ) | ij|<2"‘("j)’17rDA(i j)<B.:
oo A ) FH (), D (1 §) + H, (i, ) s 240 -1
i) { I <

i (i) @)
A(I,J)+Gt(a . mE[D, (i, J) +Ht(.,,)|>2t<,n 1

o 2: R

—_

i, §)>m (i, §) FH (i, )| <202 A A (i, j) > B
AL 5)=A05)+H (i, ]) ©
B0 3: R(i,J)>m (i, ] $D|H (i, J|>2kt('”1ﬂJA(| j)<B,

7 A( J)+H (l J ﬂﬂ%D( ( )|<2kt(i~i)
o ¥ 0
e {‘\(:J)+Gt( (D, (i, 1)+ G, (i, )| 2 240 (10)
5 4: Rt(i,j)>mt(i,j)$ﬂ|Ht(i’j)|>2k[(i,171$uAt(i’j)ZB
- . _ o
A )= A(T,J_)+G(| i), (D (i, G( )| <240 g "
A(I,J)+H (I i) ﬁﬂ%|D +G, (, J)| S k(i) _q
it s: R (1 j)<m(i. ) At H, (i J)SZk‘“”’l*DA(i,j)SB
- i ] i i ke(i,J)
A §) = (W) Gt(l-, ]-), ﬁu%p(u_, ]-)+ Ht(._, J-)|<2k ' -
A (i, §)+H, (i, §), (D (i, j)+H, (i, j)| =24
(i.J)

Wt e: R(i,j)<m (i, j) A H, (i, j)<2*F A (i ])>B,;
A ) =A (i )+ H (i ) (13)
W7 R(ij)<m (i, §) A (i, j)> 250 m A (D )< B;
o {A(i,j)—q(i,j), WD, (i, §) -G, (i, j)) < 240" -1
Al j)=

.. .. .. L. k(i i (14)
A (i ) +H, (i), (D, (i, J)- G, (i, )| > 2 -1
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135 1, 8: Rt(i,j)ﬁmt(i,j)ﬂ] Ht(iVj)>2kt(i’j)7l$DA(i,j)>§l;
A §)+H, (i J), WD, (i, §) -G, (i, j)| < 24
A1 §)-G(i.J), wH(D,(i,)-G, (i, j)|> 2"

0) G EIEE. DHIEILT, Wi LIRSS B, BREMEA () BB EREREFED, 255],
1A (i, j) <0k A(i,j)>255. i mButsee, A (i, j) i F ol T, FHREE T
AR IR A (i, ) B AL )«

a) D; (i, j) F1D(i, j) JBFIF—AEH, Jh D, (i, )| A|D; (i, )| S AR BN AR PR F %,

b) 0<A'(i,j)<255;

o) (A G.1)-A( 1)) B

d) (A'(i,J)-B)mod2““V =m,(i,j) . FUL, ST EZER LRARERE.

10) FHIR()-(9), EBFTA MR BB BIRIGH, HBIBNE EE R,

22. EESRENEZX
XN RA SRR S B TR R . eIl EE BB EAE SN A nxn KGR RDL, [E
R ERIR AT TR — A RS RBIE B RRP NS ERR, REHESHEERSHABGRN
7, HZEE AL V0 EE B SR AR EE (5 B HURr L. PESRI IR IUE B A2 i T
1) fEEE MRS TR BN A nxn R EHE A (t=1,2,,N) ;
2) WRF (i, j)=tmodn, WiEHFA (i, j)ENSHERB, MSHGEREIHTEL
B = {B—;J xn? (16)

n

A(i )= (15)

3) I RRINSHQREWENES ARG RMEN2E
D; (. 1)= A (i.§)-B; ()
o A (i, ) FR58 t BB R RS H BRI E B RE;
4) D7 (i, ) BT 10, ] WHRARIBRSE (S B LCRRECN K (i, §) = log, (u,; — 1 ; +1) |5

5) R K2 D; (i, ) 5k (i, ) B A Sl RO B2 B (i, )

m; (i, j) = D; (i, j)mod 2¢ 7 (18)

Boa, qumy (i ) HHesik (i, §) FeRRRor BRGS0, TR, NS R R S BRI T
3. Zf

XA RATCAE L AE AT, HRIRIREER R 2x 2 IR R .
3.1 ZGIRAMEERBA

A&t =37, WHH

Fyy (0,1)=F, (0,1) =tmod 2" =37mod 2* =1

AL, ERENISHEREB, =97 . BEHEHEXQ)EUSHBRM
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A(0,0) | A(0,1) 60 | 97 58 | 97
A(1,0) | A(L,1) 145 | 34 147 | 54

(@) (b) (©
Figure 1. The embedding process. (a) Index function; (b) Original image; (c) Stego-image

1 BAEHE. () R3IEH; () ReEG; OHEER

B,, =B, = LBZJ x N —[97J><22 96
n 2°
RE%ER4), FHENENSHGREMES B REN%:
D, (0,0)=A,;(0,0)-B,, =60-96 =-36

Dy, (1,0) = A, (1,0)~B,, =145-96 = 49
Dy, (L1)= A, (L1)-B,, =34-96 = 62
FiTbL, 3ATH
ks (0,0)=log, (63-32+1)=5
0

7

ks (1,0)=log, (63-32+1) =5
ks, (L1)=log, (63-32+1)=5
e, H ()T

Ry, (0,0)=F (D, (0,0)) =D, (0,0)mod 2° = -36 mod 2° =

Ry (1.0)=F (D5 (10))=

Ry (1’ 1) =F (D37 (1' 1)) =

iR (5 ik FURRAL A (11010,10011,10110), , - 0 e 144 -0t ) iy 4
m,, (0,0) =(11010), = 26, m,, (1,0) = (10011), =19, m,, (1,1) = (10110), =
Bk, FIHERS), RS ERIGHIZAE:
H; (0,0)=m,;(0,0)-R;,(0,0)=26-28=-2
H., (1,0)=my (1,0)- Ry, (1,0)=19-17=2

D;; (1,0)mod 2° = 49mod 2° =17
D;, (L,1)mod 2° =—62mod 2° =

Hy (L) =my (L1)- Ry (L1)=22-2=20
[ A7), A
Gy, (0,0) =279 —|H,, (0,0)|=2° —|-2/ =30
Gy (1,0) =27 —|H,, (1,0)| =2°-2=30
Gy (1L1) =29 —|H,, (11)| =2°-20=12

SIS A ENSN T ONUREL NN VAT MG Rl S LRI SN R
A (0,0)= Ay, (0,0)+ H,, (0,0)=60-2=58

AL (L0) = Ay (1,0)+ Hy, (1,0) =145+ 2 =147
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A, (L1)= A, (L1)+Hy, (11)=34+20=54
K9 Ay, (0,0), A, (1,0) A1 Ay, (L1) #6/@ T-[0,255] , Ak, BATH
A;;(0,0)=58, A;; (1,0) =147, A, (1,1) =54
F, Ak (R E IR A 2R B
3.2. EHIHAMERSSREN

#t=37, WFAIHF;(0,1)=F(0,1)=tmod2" =37mod 2’ =1k S H{2 K1 B, =97 . &%, &
MR AERS)BUSHERE, 15

= = |B 97
837:Bl:{n;an2 LZ JXZZ 96

BE— D BRI %
D;; (0,0)= Ay (0,0)-B;, =58 96 =38

*

D;, (10)= A, (10)-B;, =147-96=51
D, (L1) = A, (L1)-B;, =54 96 =42

B, w1

*

ks, (0,0) =log, (63-32+1)

5

*

ki, (1,0)=log, (63-32+1)=5

*

ks, (L1) = log, (63-32+1)=5

[, HRAESE(18), 1R 545 )
m;, (0,0) = Dy, (0,0)mod 2° = -38mod 2° =
m;, (1,0) = D;, (1,0)mod 2° =51mod 2° =19
m;; (1,1) = Dy, (L1)mod 2° = —-42mod 2° = 22

B, HRI e 3 ] 1 0 9 pl b1 LU, 26 = (11010),,19 = (10011),,22 =(10110), . fiTEA
HRN B2 15 04 (11010,10011,10110),  EHUL AT, HR AR5 B Ak 58 4 IERAIOSREL LK .

4, SERERELLE

AR5t SLIR T LU 4 SRR IR O BRI A M . SEER R 8 R K/N A 512 x 512 £ BRI R
(“Lena”, “Peppers”, “Baboon”, “House”, “Boat”, “F16”, “Man”, “Elaine”){E A& A B % . 1K 2 454 71X 8 iF
IKFEVE, RN BENLEUR A 28 B — & D BE LB AR 55 15 B RN B8R - S .

2 45 T LR\ SR A6 R S B R, Herb A 2(a), K] 2(c) Kl 2(e), K 2(g), F 2(i), E 2(K),
2m), & 20)REHLEE, K 20), [ 2d), K20, &2, & 26), & 20), B 2n), & 2(p)Rk
HER . LA R, AR B REELIRAMBEGE LG, Ao BRI R, ARRRR
Mo HE R SR A R, TR A A .

Bl 3 gh T AU IR AL S S B IS PR B R R 2 MR R, MBI AT DL — P15 H, &K
SCHTHE H B S BEAE RN IR 2515 2. éﬁﬁﬂtﬂﬂ% RIFEE AR R AR
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Figure 2. The eight test images. (a) Original image; (b) Stego-image; (c) Original image; (d) Stego-image; (e) Original im-
age; (f) Stego-image; (g) Original image; (h) Stego-image; (i) Original image; (j) Stego-image; (k) Original image; (l) Ste-
go-image

B2 J\IRkEERK. () RIaERE; (b) HEEG; () RisEfG; (d) HEEE; () RuEE; () HEEE; (0
REEG; (h) HEES; () REEIEG; () HEEG; ) ReEg; () HEER

FHIEAR {5 4 Lt (Peak Signalto Noise Ratio, fEiFK PSNR)JICITAL 45 UG A UG R & . A U R ) 526
SERME LA, K1, “FR” RRMBANMFEE LB LAE,  “PSNR” NIE(EEMELE, “4%
W7 ONERIEHUE (E S HERAEG “CIRAN(D), $EH(FD)” 23 A ST ) SR AR U BT
BB 35 1 MER TASCH R MM AL SR g B . LI RIRY, At ML IR NG
(A A5 B SE A PR Sk, Ty HLAR N R B H BT 75 BRI (R AR 2D
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1 1r
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u -0.2 G -0.2
-0.4r 0.4
-0.61 -0.6
-0.8F _08
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(a) (b)
Figure 3. The error rate and the number of bits of the experiment results. (a) Peppers; (b) Lena
E 3. IREEIREEHRARE. (a) Peppers; (b) Lena
Table 1. The experiment result in our proposed method
F 1 AXEEMIIER
] A PSNR F23 s iR A(F) FRH(FD)
Baboon 30.16084 628,892 0 4.634324 2.298003
Lena 37.96220 454,247 0 4.186936 2.210031
Barbara 32.01326 544,368 0 4.448432 2.187897
Boat 35.70142 486,985 0 4.307051 2.176670
Elaine 39.75235 445,913 0 4.102364 2.242244
Goldhill 37.15423 488,198 0 4.152837 2.223915
House 34.23972 504,068 0 5.311871 2.992603
Sailboat 34.11055 525,454 0 4562337 2.499687
Toys 37.62412 450,020 0 4.423158 2.255411
Zelda 41.06577 425,563 0 3.995963 2.020980

M 2 T LLEH, BARA SRR S e R SEAT LR, BRI PSNR AT R, AR
7% Lk Wu A Tsai 59%[6]81 Wang 251 592715 51 /= Hi 44,168~191,086 bits, 38,507~171,787 bits. #i
0 N 25 2 T B AR SC PR 0925 R B e 1 DX 23 VB I~ IX e i 2 (X 3, 49 an S0 8 Lo At 3= & 1) Baboon B4,
R ZF & L Wu Al Tsai 594611 Wang %5 ()57 [7] 479 s H 191,086 bits AT 171,787 bits. i HLAR A
AREKE, FEMEGRAFEMZLEKR, DEEBFENEERANEETRZ . 0l T ARER S
FIE T EUEAE 0 X 2 R R ER WA —FE, %R T BRI R .

M 3 ATLAEH, Jung Al Yoo MIEIE BARIR AR =LA EILE R, kS T/ SIRA B,
1 T35 789075 18 B BP9 IX IR S 10 G X SR R ARAL AR 52 3 AN RD, e TR RN 25 B R B
[FEF, Jung A Yoo MIEIEMANG BJG, XTEMGIER T — @B IR K, H PSNR {H K/ #3K T 30 dB,
Hrh B AR PSNR 15 R A 25.96 dB.

P4 FEHIRARSCEIE M Lee SFIETE, Zeng SGIEVEN] PSNR [HFIA BN R, W& 47HH, &
SR BENEAMUA BN LA AT R, (R R AR A R ORAIE % U s B, B IRNAS B 5 3 B R
2R B RR K
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Table 2. Comparisons of other method and our proposed
#2. AXEESHECEENIRARLER

JF G ! PSNR! 7’ PSNR? £ PSNR®
Lena 406,632 41.71 409,807 46.96 454,247 37.96
Baboon 437,806 38.90 457,105 4311 628,892 30.16
Peppers 401,982 41.07 407,643 46.10 446,150 36.14
Boat 421,965 39.56 422,194 45.34 486,985 35.70
House 420,386 39.51 420,786 44.61 504,068 34.24
Man 424,585 39.09 424,723 44.98 499,200 32.44

*E: EAR RORWURITsai 0 5A[6] 550 45 0, EART: FORWang il SE[71SeB0 65 3R, EAR®: RoRAC LI 2B 48 5

Table 3. Comparisons of other method and our proposed
#3. ANEESHEEENIWAERLER

JF a6 1R fing PSNR* Es o PSNR?
Lena 614,799 31.94 454,247 37.96
Baboon 686,220 25.96 628,892 30.16
Peppers 611,394 30.42 446,150 36.14
Boat 4,633,078 28.99 486,985 35.70
House 631,341 28.71 504,068 34.24
Man 637,266 28.63 499,200 32.44

*E: EARN RRYangRIYooMBIASLIRAE L, AR FORASCHISL I S

Table 4. Comparisons of other method and our proposed
F 4 ANEESHECEEINIRERLER

IR EIG NS PSNR! A2 PSNR? NS PSNR®
Lena 0.91 34.38 1.04 32.74 1.73 37.93
Baboon 0.62 30.03 0.51 30.97 2.40 30.16
Sailboat 0.86 33.12 1.04 32.96 2.00 34.11
F16 0.91 34.76 1.16 33.94 177 35.87
Goldhill 0.84 32.08 0.80 31.82 1.86 37.15
Barbara 0.73 31.31 0.78 31.96 2.08 32.01

*E: EARY: RonLeeMIChenffy FVA[16] 55045 R, AR RoRWang M BIA[LTISSMEE R, EARS: RoRASCISeish

5 AL Hong [1814& H I JURAS [F] 1] 73 XS K Sk AH B A . R 4 WTDVE H, AU
R BN & 23 5 H Hong #2 H1 Y AE-PVD (Dy, = 15), PRT-PVD (T = 15), AE-PVD (Dy, = 15, Dy =
31), PRT-PVD (To=15, T,=15)% H! 196,955 bits, 190,980 bits, 181,891 bits, 172,650 bits. 1L L4E
£ & 1) Baboon F1&, A SIS 7 EE Hong $2 H 1) AE-PVD(Ds, =15), PRT-PVD (T, =15), AE-PVD (Dy,
=15, Dy3=31), PRT-PVD (To=15, T, =15)% 1 261,314 bits, 261,684 bits, 207,509 bits, 209,314 bits.
RO o i M5 Lena, A OIS 2 I EE Hong $2H Y AE-PVD (Dy, = 15), PRT-PVD (T, = 15),
AE-PVD (D, = 15, Dy =31), PRT-PVD (To =15, T, =15)% i 177,045 bits, 168,797 bits, 173,616 bits,
161,525 bits. H4X, Hong [MEVEHFE S TG R 72 K PUE I N IR E B ELRR S, mT R 23 10 X3
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Table 5. Comparisons of other method and our proposed
F=5 ANEESHEEZINIIRARLR

Bl aE! PSNR! R’ PSNR? ol PSNR® R PSNR* ol PSNR®

Lena 277,202 50.62 285,450 51.36 280,631 50.16 292,722 50.33 454,247 37.96
Boat 290,502 50.22 302,888 50.72 297,345 49.42 316,736 49.15 486,985 35.70
Baboon 367,578 48.48 367,208 49.08 421,383 45.52 419,578 45.88 628,892 30.16
House 301,418 49.93 309,790 50.52 313,329 48.73 327,412 48.68 504,068 34.24
Peppesrs 279,684 50.54 283,078 51.43 284,783 49.93 290,044 50.43 446,150 36.14
F16 285,586 50.38 289,404 51.26 294,885 49.34 301,308 49.74 463,353 35.87
1 300,328 306,303 315,392 324,633 497,283

*E: AR FIRAE-PVD (Dyp = 15)BIESCI 45 9, FAR%: RIRPRT-PVD (To = 15)SEMa 45 9,  EA73: FIRAE-PVD (Dip = 15; Das = 31)5Z
sER, AR FEPRT-PVD (To=15; Ty=15)SEsE R, L% REATHISIING R

RS 5 AR, ASRE T 4 FUS R SO R (R IXISURFAIE . BLARAC BRI PSNR {ELEL Hong 47 Hi FiJ LA
AR, PTHEEE A PSNR fR%F7E 30 dB L.

PSNR B fie 8 FORASHI RS 5 (A G i, Tl PSNR ELATR/D, BRATTATARGS 28 (1 R01E
RS SR BB RS 2 A PIRBLIN H R 28110, PSNR {EANBESR HHR A AT 5 PR B 2 TR 2=
A Z K. B, A H Wang A1 Bovik [19]5 Hi 38 FH 5 & 81 Q {E KA BB AE B S B AT O AH
A 2w, I Q EMVERZMN-1 2 1. Q (EMEHET 1, UHIRAE B HTE 1R B G BAR L
HI3% 6 fras 8t TRIIE A SCENEIEAT (5 SRS, TR Q (HARW MEGL 1, B2 RHAER
A5 SR A6 S 5 30 BB AR AOAR L

P A I SEIA5 R AR, ASCH B 45 B RGBS E A UA B IR R N AR, 10 H L RE LRAFAR
MG RRE. HTIRAERE, BRI, B, BMEEREEA 7 SEEE, miidX oA 7R
#HRGSFEGEE, AIERERG T CERE 7 MESE, WU ARSI R 5% REAR I ) B
H R OE A RIEE P R X AR FHEL.

5. SrfrFnitie
5.1. RS $#ff

Fridrich %5 AN [20]42 Hi ) RS 73 AT 25K 40 A A SC i H 1045 R RRURLIE I 22 4t o RS M AT AR SCT 4
H S BRI AR 4 RAE K] 4 i, A2 DL 2 i — IR B eess . 1 4 S xR iR N
SEARMESH, y-HRRAE A Mm=[0,110]M-m=[0,-1-10], EMHA 5 FUME L. ME
A() R 4(c)FRATTLAE H RS AT RERIN H BB 25t 7 LSB 5 2 Fat, X 2K AMZ%E LSB AR EiX
100%frf, R, AIS,, HIZFE A % 520 EAm N, R, M S, HRGMEZ S/ Eix. H
A(b) R A(d) Bk G B A B B AT AR N B (5 B RN, 1 A2 RN TE B 4(b) I 4(d)H R, FI R, 46
ZOEAESE, TS, MS. (AR, AR R, =R NS, =S . Kb, ATLLEERIR, AT H
(145 B BRI EIEPL RS 70#7

5.2. PVD EFE o4

Zhang A1 Wang [21]4§ i SCER[22] 5 Hh ) — ik T AR SR AR 200 22 57 10 PVD {5 B RGBUAE R 8 T B R
IKPFEZEAEE 7 B R, A2 Al . BT PVD BT I8, T UL 23 A th B b e 75
ST S IS
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Figure 4. RS-diagrams yielded by the dual statistics method by Fridrich et al. for cover images produced by conventional
LSB-embedding technique and our method. (a) LSB (Baboon); (b) our proposed (Baboon); (c) LSB (Peppers); (d) our pro-
posed (Peppers)

& 4. RZF RS 2% LSB R N ERE A5 AR HIBANEEE X, (a) LSB (Baboon); (b) AICEHE % (Baboon); (c)
LSB (Peppers); (d) ZA<3IZE % (Peppers)

Table 6. The experiment result in our proposed method

6. ANEAN LGSR

K% Baboon Lena Barbara Boat Bridge Couple Elaine
Q 0.9827 0.9978 0.9932 0.9968 0.9930 0.9926 0.9984Z

&5 Goldhill House Man Pepper Sailboat Toys elda
Q 0.9974 0.9947 0.9939 0.9975 0.9971 0.9966 0.9985

K 545 T PVD B 5 B Hr A S B 145 B B SEA TR N 2 i K 0 ) 4h MG 5 3805 & T
HAE, K 5@)FmME 5(b)4A R 2K E KRG “Baboon” F1 “Peppers” 4R ZRE K. ME 5 LA H
A R TR R Z AR S RS B R Bkt PVD B 5 BT, W2 Ut vl DL 78 B e gk ik A\ 1)
WEE .
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Figure 5. PVD histogram differences between covers and theirs corresponding stegos. (a) F16; (b) House
5. ARIEEGMRBERGEBIMNKEEEERE. (a) F16; (b) House

6. AIC/ING

ASCHR T — T ERER Z MRS R B RS, B RIS GR EAE BRI,
RIERIEZR S R B E FEMERIVPZE B R . IS HBRERNE A BN EBRER N ZRIGERA RS
SRR AR IR 51 st 7 Jung S5 AR IR S BB Jung SR SRR SR, B4
WA B RRPHONS B G R N E R R, A —E AT R IR R GIME, 1A
P IR 51 R BCRAT E A BEALYE, R AR AT 7 B8R R, R8O 2 5] R B A RE
B SE M E E, RURR S| mACE S 7 AP . KRR, ASCRIM ARG B IR
B OREFLF 0 BB

EHEUmHE

% @R FLA R 4 I H (11571124, 61572028), 2016 4E) 444 N BRI & & 0 v 410 H &=
K151 (2016B020244003), il i i BHE O I H - S ATEE B BHF LAl F & 8 % i H (2014AG100162),
AT TG RS AE MR B & 3 4 10 H (15KJ06).
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