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Abstract

An efficient steganographic method usually provides a large embedding capacity
and a small distortion for the stego-images. In 2003, Wu et al. proposed the pixel-value
differencing (PVD) approach which applies the difference value of two consecutive pixels
to data hiding. In this paper, we process a four-pixel block at a time, and use its difference
value to judge that it is located in edged areas or smooth areas. If a block is located in edged
areas, it may tolerate larger embedded information than those in smooth areas. Our blocked
PVD approach is based on the PVD approach of Wu and Tsai. Each four-pixel block is
divided into two two-pixel groups elaborately and each group is processed by the PVD
approach. Moreover, an idea of pixel-value shifting is proposed in order to embed data more
flexibly. Experimental results show that our method provides a larger embedding capacity
than that of Wu and Tsai.
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E7 : EEHAY256 X 256 K/ TR FE#E= 218 (a) Boat; (b) Airplane °

(b)
B8 : FIFE16~ 163264 128F256 I ERREIEE 2#H TR :
(a)fBER1G ; (b) AREGHEBEXGZEEEE -

(b)
B9 : #|FH32 3264~ 128F256[ERIERE ZHITHEER :
(a)fB%Es % ; (b) AR GEEELGCEEEE -
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E10 : #|HEEFridrich et al. (2001)FTi2 HAYRS-diagrams #&81%E » %080 U FE LL
Random &2 B A ELeanfIBEFZA: (a) Simple 2-bit LSB (b) &8 &E
=REAH3-bit LSBEXIE (c) BFREEZEE (d) FIFH16~16 3264~ 128
256 ERMEREZ BN GE o

71 : #{MA9Blocked PVDJ5 ;%% FIRandom bits  Boat#lAirplane
AREEHN  AEZKERLBEBINERRREE KPSNRE -

H-tmEMELE HomEM LA
HEBE 16, 16, 32, 64, 128 , 256 32,32, 64, 128 , 256
(512x512) Random ) Random )
bits Boat Airplane bits Boat Airplane
Lema | Capacity | 408,828 | 408,828 | 408,828 | 527,626 | 527,626 | 527,626
PSNR 39.31 40.25 40.05 35.94 36.81 36.42
Babooq | CaPacity | 481,288 | 481288 | 481,288 | 553994 | 553,994 | 553994
00 PSNR 33.37 33.99 33.71 32.48 32.99 32.76
Peopers | Capacity | 406,688 | 406,688 | 406,688 | 527,924 | 527924 | 527924
pp PSNR 39.20 40.12 39.87 36.53 36.86 36.48
Tovs | Capacity | 418274 | 418274 | 418274 | 532460 | 532460 | 532460
0y PSNR 38.07 38.72 38.44 35.65 36.25 35.81
Suilbogt | C2PACILY | 426396 | 426396 | 426396 | 533496 | 533496 | 533.496
oat 1 PSNR 36.96 37.49 37.35 34.60 35.39 35.12
Gid | Capacity | 406,254 | 406,254 | 406254 | 526810 | 526810 | 526810
PSNR 39.59 39.74 39.46 36.41 36.49 36.10
Gold | Capacity | 414528 | 414528 | 414,528 | 528,042 | 528,042 | 528,042
PSNR 38.82 39.67 39.49 35.91 36.75 36.44
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Zelda Capacity | 400,698 | 400,698 | 400,698 | 525,674 | 525,674 | 525,674
PSNR 40.86 41.40 41.35 37.20 37.39 36.91

Barb Capacity | 456,800 | 456,800 | 456,800 | 545,072 | 545,072 | 545,072
PSNR 34.90 35.53 35.31 33.52 34.25 33.93

Tiffan Capacity | 406,144 | 406,144 | 406,144 | 527,776 | 527,776 | 527,776
y PSNR 39.53 40.01 39.83 35.87 36.58 36.13

]2 1 LEECEAE WU et al. (2003)12HAIPVD A EEFK FIIR HAYBlocked PVDA % »
FJFRandom Bits & ZE B » M ABBE G RNEREEE ZPSNRE -

st _ PVD 7 ik ‘ B‘locked PVD 7 ik
(51"2*;(‘512) &M LS, 8, 16,32, 64, 128 & M ST 16, 16, 32, 64,128, 256
Capacity PSNR Capacity PSNR
Lena 406,632 41.71 408,828 39.31
Baboon 437,806 39.14 481,288 33.37
Peppers 401,980 40.39 406,688 39.20
Toys 406,656 39.93 418,274 38.07
Sailboat 415,554 37.36 426,396 36.96
Girl 402,965 42.54 406,254 39.59
Gold 405,634 42.20 414,528 38.82
Zelda 398,584 42.66 400,698 40.86
Barb 442,529 36.24 456,800 34.90
Tiffany 403,764 41.47 406,144 39.53
Average 412,210 40.36 422,590 38.06
LERERIXF > RMRE—EAFHORERN > THAHAEIZZ T A HEEE AT
TR AE KA B9 4FE o RATHEZ B Blocked PVD#Y & IS il o KAy kst T %%

Wu et al. Fr#2 6948 £ 15 2 R o9 5k » —RAWEM AL £y 2 AR EAER » &
BB TR FES ST R AE R T RSB TE LARSEALF LA RFLEMN - F
BB IE AT 0 KATPTIE & B9 Blocked PVD 7 ik bh 4 5 Wu et al. B 4% 1 09PVD 7 ik » ¥ h i
SR AMERE » A BEB RS EAZAEE L OPSNRIEZ N « 5K - H AT 55 Wu et
al T4 H S F £ H 2 BN MLSBIAR L » A A ) A RS REREA B bR
%su ] A2 & 7 iR AR R 5 W Fridrich et al. 2 £ 092 XA » RIS A AHRAZ 22N
Aa ey o KA 89 PTIE  89Blocked PVD 5 ik $1PVD 75 ik + #R T vA @ i Fridrich et al. % % 44
AZRXMA - I RMVGOFRERE LM 5 R — AL T 709 vk - AL T
EORC
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fe &A1 69Blocked PVD 7 ik ¥ » HEM 225 X F B3] — 2 R4 0 LARhifide T @

FR#] : Blocked PVD#) [ M8 5] 7 KX s ARAI L= wy » R FLEEBRA TR w
LEMROEE  fak#1

HAA R F[0, 51118992 » G2 LR RFI o2 E bl BER TR —m - % —a
&[0, 15] ° [16, 31] » [32, 63] » [64, 127] » [128, 255] > [256, 511] ° % —#7%[0, 31] > [32
63] ° [64, 127] » [128, 255] » [256, 511] °

& T i —F i KA ey Blocked PVD YR B ik oy EAEM - KA T oy T ¢

Lemma 1. kN EAATHY B £ RALd » LHRANTRENERE R M > §H%EF—E
@Fﬂﬁ Pq °

%L(H}E] .

BRERE ZAdEENEBRAN w5 R AR ERLTR « B4 difeday 3
& groupl ¥group2 % % £ F Al o ANFRAE - d'Fn d2o B & groupl ¥ group2 #7 e 1% &
#£FAE o

dell,,u,], let w,=u, -1, +1

. w,
zf\dl—dz\sjk
AN E RN A l L w, N
=i SF@@ e L] S T e e T
B X groupl & group?2 j\g]‘,{)\ T oo
LL w L1 w
=>d e[t L+—L-1]de[L,L+L-1
1[2 7t 1 d, [2 >t ]
= d'=dyrdye (b (e Mo oy

=d'ell,l +w, —2]
=d'e[l,,u,]

if \dl—d2\>ﬂ and dy > ds
(P REP d>dPF o V- fid <dyi[iA) 0 B EP B )
= [Lu Ak & = [l +7—1] {r[0,0+7—1] » A w5 groupl e
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group2 R4k » I e
=d\ el ]+ -1] 5 d',e[0,0+ % —1]
2 2
:>d'=d'1+d’ze[lk+0,(Z,(+%—1)+(0+%—1)]

=d'e[l, [, +w,-2]
=d'e[l,,u,] Q.E.D.

Lemma 2. fR#% B3 £ ZAd%EAE MR =[L 2u, 1R » X Pudel 50 2R LR F T
Roeowe= w— L +15EMROTE ° 74 groupl fgroup2 H N ERATH 918 £ £
Bl Ld, d¥dy, d> > Blk#10 » FRIMAAXGE :

if ‘d -d ‘< , then

if ‘d -d ‘> , then

AR
if‘dl_dz‘gﬁ
=d 28 @)EFao [, u ]7};th4>:«\:[l—k,li+ﬁ—1]fr[l—k,li+ﬁ—1] s
ok 2°2 2 2°2 2
] % groupl £ group2 %k 4x » T e
Sdvete My, g e [LL+Wk—1]
2’2 2 2’2 2

:li—(li+ﬂ—1)<d'—d'<(Lk+ﬂ—1)—li

2 2 2 TN TR 2

if ‘61'1—6172\>ﬂ and d, > d>

(P REP d >R 0 ¥ - fhdi <dy sl REP AR )

= U w AT 2 S [0 +7—1] f“[0,0+7—1] s A w4 groupl 2
group? j“il* rFE e

jdlle[lk’lﬂr?—l] ’ d'2€[0,0+%— ]

d Blocked PVD eh% B & 244 @ ¥ k=17 > [ >w,

=1, —(0+2k S-h=d-du<(, + 2k -0

w, ' ' w,
:>lk—7"+1£dl—d2§lk+7"—

(5% a®i)
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= \d’l—d’z\zlk—%Hsz—%H
= |d'—d'y|> 2k 11
2

:W}dg>%>

Q.E.D.
flLemma 2 > R F B k210 FR - $1 > AHAE R é B @Az R ER
w w
‘dl _dz‘sik ’ éii%‘dl _d2‘>7k s R DFEGFE BR =L, w1t E&‘[ ]fﬂ[o’z_l] ’
w
Bl “"groupl%ﬂgroupZéT‘\ ANEH - B AKAIEL o d'1€[0 7_1]_5_6['26[0»71_1] °

FrvA o |d'\=d'y 2 o LB 0 AT H R Y FE A A EAZ - AKX (5) @A FCase 1 R FEIH
i%%&ﬁﬂ&o

Lemma 3. —fAEIRTAERA RIERARGEFR > RAFERRNERMD RheRE—
18 & PR, B o

R

B & &AL T Pixel-Value Shifting 94247 » BT A % #k A\ A 3IE d'<255 &.d,'< 255 »
A & T group1 ¥group2 7T ABE I RAR N E R o TR » RA £ d'>255 Rd,"> 2550 » LI R
ﬁ%%ﬁ@%%f%%ﬁ°

i@ﬁ%’

' [l u R1AEAL \ﬁk[— i %_1]%[% %+ We _

=1] » 5% & groupl ¥
groupZIﬁﬁk)\,Ei ?L °

e

if |d,—d \> and d, >dz(:§kﬁ"1,\""ﬂﬂd1>dzé’3 B B —8d < dt 5 - HLase e
f2F400) 0 B[, uk]%ﬂb R (s + ok ]7FU[00+ 2 -11, 57 & groupl S group2 R r N E
oo

FFvA > N RIE

ke by we o] by we

g Sdisyry Tl ysdis

A sd'lslk+%—1 » 0<d,<w, —1

+—-1

wBlocked PVD [ Fl 2] Z IR %] » KAVT 4T 50R, = [256, 511] © H i - "EARIE E
256
Sl Fad'2 by TR G Ak =r B gl -1=256+ 7—1—383>255 ©Bp K,
d'>255 o i+ FEIRE RAAE A RA—E MREF © LB A AL ST -

Q.E.D.

wlemma 3698 BABAZ B 1F 5 0 KAV AN IE I A Z PTVA T ALk =r 09 [ 3R R
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W
MNE AN - £ R L HLEFAK (D)X Case 2 0 &5 8] & M./ +7k—1]$é.‘groupléi

group2 R NT A = PTAA + KA R BRI A K (@) T A K(5) » ST IR Bk =rif 7 Ag

BANTER - LAEWT ¢

AR ZFE
Ifk=r
Case 1: |d, —d,| < (u, -1, +1)/2
d'=,/12)+b,, d,'=(,/2)+b,;
Case 2: |d, —d,|> (u, =1, +1)/2

If di>d,
d'=Il,+b,d,'=b,
Else
d'=b, d,'=1, +b,
Else
dlyz(lk/2)+b19 dz':(lk/z)bz
ARG)ZAE
Ifk#r

Case 1: |d, —d,| < (u, -1, +1)/2
by=d,—(,12),b,=d,—(l,/2);
Case 2: |d, —d,| > (u, — 1, +1)/2

If di>d,
bl =d1 _lk’bz =d2
Else

b =d,b,=d,~1,

Else
b] = dl _(lk/2)9b2 = dz _(lk/z)





