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Reversible data hiding based on
prediction error difference expansion of ternary components
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( College of Computer Science, South-Central University for Nationalities, Wuhan Hubei 430074, China)

Abstract: To avoid the drawback of Difference Expansion«( DE) algorithm ‘which> must embed a location map and the
quality decline of stego-images from excessive modulation to pixels, a reversible data hiding algorithm for color images was
proposed. The algorithm made use of correlation of color components to. decrease difference and use smaller expansion to
change the pixels value of some components. The expansion direction was determined by the quantity of overflow and underflow
pixels. The embedding scheme adopted the adjusting method of single direction pixels value to prevent overflow or underflow,
and embedded a few adjusting value instead of location‘map, so the embedding capacity was increased; finally, improved the
difference histogram shifting technique to control the capacity @and’distortion. According to the sequence of critical value, the

adjusted pixels value could be restored. The experimental results show the embedding capacity and the quality of stego-image

are significantly improved in comparison-with other new or classical algorithms.

Key words: reversible data hiding; ternary components; Difference Expansion ( DE); prediction error difference

expansion; overflow location map

0 5%

REFE BB FKEGRARE D ERRALE
HR oA AL AR SR GBS , AE T 26 o, R A B
TR E A M BUR R AN ] 32 1y, Bl e BB 5 P, 0 B8
BT EUCER AT 68 5 IR URARAE  EX R I L, B R IRsE B
TSR KR W28 e 52 917 2 B o 7 £ TR 28 1 )
A, AT DATCHU R R 0 4, T R B e s Y PR BETE AR
FEQFE=A 0, WRATE SERGREMEEE SR
B, VT4E Sk, Tian'™ 48 H 4 £ ¥ & ( Difference Expansion,
DE) HARTE A8 s s 32 B T2 R i, 3 T 2 EHY
JR BT R AR AR R R AL BRI AR R, T H 2 E
PR A TR Haar /D ERB TN IR EFEAF 2
18, B BGE A AR IR B ] i AL

ABHEET RAEENRASENEREE, BRSF
FHRAGR SR TR Z M s IR AT R . SCER[2 ] IR ¥
ZEY RS ZEE T BTSN INERE S H RGN E
B, T B RAE R R B/ NS E R B T, AR AL
B, T4 I PSR g S B SRR 3 148t B0 {75 s Uit B

s HH7:2010 - 03 -24 ;5B H#A:2010 - 05 - 18,

2,104, FEGTT 1 R AR | E b

FEPHHEAR, FEHFRALSRBSATT BEEH, 27
AN BN ERR, AT SR AR R, BREEWE — &N
5 SCRR[ 41 R4 BOE R J7 BBt Thodi™ iy 22 (5 77 B
TRER, #F—PREEREE, HERATETVRTES
FEitt MBS 22 (B B0 B AR A Rz ( Least Significant Bit, LSB) , FF4F
X 22 {H LSB, XA BN T B BRI E, AW
AT BRI, RIS -6 MUBBRERSHFE, BEXS
HEES, SEERATEML, BE TRASENEGR
&2, BBRENESITEERRE B EHE EZEIRE
BRE, UERIET— A58, B R B ERERR
MFEET BHRA T L, W EEMEEE R ATER
FERR,HHEMENREEEEEEFEENE L. X
BR[ 7 1R 45E 2ZEY BT 3%} b B ( Reversible Contrast
Mapping, RCM) AT UK ENEL: 6 B J5 R LA AT S8 2
2 B, BB G BT MR R N RCM 5 R X, 54
BWAMEE N DE BEX, PR R A T AGE ,RCM &
FEXEATFHRADENGHRERUREEAE, KASRA
BARRR,BRZEF RHA BRI R RCM Lk,
B E TR E, X8I IR ETEEAE AN

E&WE : HE AR F B B (60975021) ,
EEE T A8 5 (1965 - ), B8 (LK) , WAL BB A, B B2, EBBTFR T R A5 B IR BTk Bl

FITHE (1964 ) 20, LB &


http://www.computerapplications.com.cn

£9H

REFFATZHETNREL LMY R0 THEBIFEERH

2409

AERA D E TR AL EHRABRMEA 1 ABE, &
AR TRENEZETETREAFHE VR 1A, HZE
HEAr B ASDE 0 T B GRE , FRZ AT R RE
FEERN[1,254] FARBGRO A EICAENE, B4 H
PLERT AR — A R o SRR AT YA ARy
T LA S BT B ARG E AL o RV AL BE 5 T
B @SR ] PR T, IR AR R R E R TE R %
H[Q,255 - Q1,Q MRASH, RGBS AR —EHRAR
5, RECHRIE R R Q F1255 - Q IR FE AR AR R L
B, HEATRERAEME , ERmiAE R R R AR
MAEX R SCHRL10] R T — M B BUMIR 22 EHY R A3
AR, G 11 ] SR B EY BRI,

X EET BIRATTERA L, Rl —FET = nE%
B ROEOERTSEIRRES S RERE MO
SrEZ R HRSC R DR E , T80 T % B R g, 5 8
SETNRET EMLL, RABTENER RGN R TR
o MIBFEHERTRE AR, BERNBERE HERER
BEBNIH—IEAT BT, HEET BREBROE SR
MEREKBEIRRA . 7350, RAHBERERITIELE
i A R T S B RY R M- RBURRYE G R
GRENNFEMAEMNGRAE, ALK HERF R
REEME AT ERIBRR

1 Z4EFMRERELEHE

L1 FiRE

AR BER A RREZ B A TEE TR AU, FE 4B IR R
PR L P R (R 3R R B A I T 2 7 /0, SRR R TE S i
B LRI BRSR B S, 2 AT (R R 8 i H B R R R
KM E BRI SHE R E, TRARSERRAT
BRI = AT R R E . SCHER [ 13 ] 39 250 F 05 S AT LU 3,
TEBAZE I T 7 5% G T A A 0, O T 9 T A
AR BT M TR AL 4 MR (LT EA) fF
NTBRE , HANBER R K9P B 1E 9 ZAT R Rl

H,BRE o SHIE o ZZHNFMIRE

p=a-a (1)
HH:aa e [0,255],p e [ -255,255 ] BB RIN G R 7
AR S ELIE R AR BE AR, R R <0 45 3R B A O Ak o
BFROBERNOES R,

FE B BIRIZ AT, AR R B FE SERARN — 2
PR A S A B B R R BN (A, H R R AL, 7
HITRWME 1 FR, BRI ARE 1 (a) BRI H TR,
EEUERARE 1(b) PR 7T R, RBCRIIK R I Se 70
HITRD) JERTER (), BERAF EREBER, HERITE
RITIR R BT R R, IR AD R B R, i TiD
ZBIMRER BT U LT A A GRAFTI , 4K 40 35
HAh R G R

Q0000 000@ O imug:

0000 0000 O wgx
0000 0000 © Tk
2 o Tz
(2) THOR (b) TBEK
K1 GEym iR
1.2 ZHBWNREEE

ARBERH RS B2 G EEF LS SR
B = o 22 %o O A TN o A ek I P — 3, B0 3R 22
FEEE, T REHZEBEMR D AT EIEX 458, X
200 x 200 Lena B ARG AE 4 BTN R 2 K H 2 EH# T
SrFA BN E S B, S R R NG R A
AR ER—F. E2(a).(b)F(c)2HH R.GH B &
TR 2 B 7 B, W0 4372 31093073 F13088; & 2(d)
WA ETNREEZEEFE, ZH -2, -1,0.1 F1 2 4R
BBk 1587 .4 386.,6 460 .4 346 F1 1 612, %t 48 — 5 F M 1%
R, EHA M BG.GR A RB T ANLER —F; B 2(e) 2=
SETMNREZEETE, 2 -2, - 1.0.1 12 s
Rk 1212.5211.6038 ,5328 11353, LELEREH, B6F4D
EREITIRZ W 2(E RS BT R ZEE N,

7000 T000 7000
6000 |- 6000 - 6000
ﬁ 5000 | ﬁ 5000 - ﬁ 5000 |-
pou | P | = -
= 1000 = 4000 = 4000
2 3000 2 3000+ £ 3000
2000 | 2000 | \H& 2000 |
1000 | 1000 [~ 1000
0 11111 1L L1 0 [ | 1111 0 1111 1111

-8-6-4-20 24 6 8

-8-6-4-20 2 4 6 8

8-6-4-20 2 4 6 8

TR RS2 TR AR TR
() R B (b) GorE (c) B4R
7000 - 7000 -
% 6000 - Sﬁ 6000 -
pon pit
H Joo0 - =000 [
1000 1000
1111 L1l L1l 1111 I T L1 L1 Ll
0 -8-6-4-20 2 4 6 8 0 -8-6-4-20 2 4 6 8
TR TR RS
(@) WA ETMER A () EHBIMIRES
E2 Lena BF/;EHIMIREREEHE A

=R TR EEET R TR 4 RCB R IMiRE
YT HES, H pypopy BAAHEF W TINIRZ .0 ops €
[-255,255],p, = p, =ps , o B A TR 2 2 H hy =p -
Pashy =py = ps by hy € [0,255], =B TUMRZEZME L =
hy - h, ,BJ:

h =p +p; -2p, (2)

h e [-255,255] A 2(d) FIE 2(e) AIA, X508
TR ZZEAEL, A EZN =0 ETNREZEEET 0, B

= RTNRE 2 (A S 22 (A /D, R S/ 22
HABCE, BET A A A, TR K H
2 ET=ZHBZEY BATERERHE
2.1 ZHBRWRLEETR
211 EZHBEMT BA KA

M (2) TTH, 2 h = O 1 KN p, BT BAGE h ALK, 24
b < OB, 3470 p, 1 py HYERT EAGE b (4% (K, B p, 55
IR0 p, Fp, HYTEFE RSB p, p, p; MHEF KR o FIRFE,


http://www.computerapplications.com.cn

2410 SR A

# 30 %

4 h = 08,8/ p, #lp; FERTLME AR, H A < 0BT, 8
/N py BT LA b B2 X5 (H3E K, p, 0, s MHEIF RBLA
SR W R U RS A s/ B AT SR (YRR, AH I b
TR
Py =Py + Ah,py = py,ps = Pss d=0,hz=0
Py =py +Ah,py =p, + Ah,ps =py,d =0,k <0
Pa = PisPo =Py —Ahyps =py —AR,d =1,h=0
d=1,L <0
(3)
HA AL NEET RE, AR = 0;d RARTRIMREY BTN,
d =0 FREMF M ,d = 1 FTRB/NFRLLd = 0 RHILL
ULBH, M 2ZME h = 0 R, p, HHI AR, p, ps BRIFAZE, BM L L <
O ,ps A2, p, HE AN Ab,p, BIEHN A, PR ZEAH b LN E Y3
By Ar, XEETRHRZEY B I, R ger-4& Fi; [
#.d = 100, BONREY RYABUN, R4 TiR.HT
AT p, \p,ps WHTARR I YRR, A SO H AR
REE = RTREEEY R, IR =08 iREZE

P & ( prediction error difference expansion of ternary

Pa = P1sPs = PysPs = D3 — Ah,

components, TDE) ,,

FEEHMERRE A B MI SRR RAMCE, BT
B H BRSBTS ZEE R AR , FEEG T
BIEYRIRB T AR R4 RAER 2] AUMETTET-#%
BARTEEEY R AL BITAZEUETERNEART,
AR B R/NEBEE TG K BIE T, % 2 (H 5 4 S8 XA A A
HR I, SR 2] AR, A3 HE AR ARG R
xSRI 58 H kAT PR M A B #2281 LSB, AR b, S HR
WA ERIR [ - 27,27 + 1] S A ZE W B ARAL, T X I
[ - 7,71 ok B iy 25 BK AT 2 HY R IT i ABLEE AP ED
K[ -k, -T-1]FI[T +1,h ] B2 EER R SMIP,
DLt FR ) Y BF X I A AP BB X IR B, 3 4 19 390 X AT Ak
ER X I B0 B 8RR SR BURAE B R L T R R R i
BB IX L R, 1 R, 2350 E 5 B A G Pim R IR R s 8 '
HINER RN [ - 27,27 + 1], HMEF XA 43 A ) 22 0 1) A
SEBE[-h, T, -2T-1] F[2T +2,h, +T +17,HEE
VIEER:

[h+il, -TshksT
Ah = {T+1, B>T (4)
T, h <=T

2.1.2 BEGEMEBE
%8 PR R HIE 0 2] 255 28, ML AR (3) #
ABBETER)S , % 02 MR EE B NIEE N B
R(4) TH, ZET BENEREN T+ 1. 455K E e < T+
L), TR Z WA FTREF=E T i ; M e > 255 - (T+ 1) B, TR
MRZEIEIMATRETE B Pla, =255 = (T +1) fla, = T+
LAER E FIGRE, S =AM ETREERTRE T e, 1
BEEES, URGRENFEE T o, WEERRS,ES, s
S, EEEHUMR 2 WY B R, BN 1, B
0, 5, <S5
d = { oS (5)
1, S >8,
TEIR ABUE Z 5 Sox B G AT B, TP R R, &
d = 0, BEEHIBETHBERTET o, WEREWEN o,
AETREME Aa = a — o, ICATREBEN:; & d = 1, 5E6ED
BYHADNTFET o, WERBEREN o, B AEME A =
a, —a L ATESE BN ARFRE S AB ik ABRK, U
FRBAHRE ARG EE RPORKEEGR,&d =0T
HBEESFT o, NAEGFERTEZIAZME Aa, BIREER

fHa =a, + Aa; 5 d = 1 THEREST o,  NREEFERTD
B Aa, BIBBEME a = o, - Aa  AEFERTE—
VASRE R AECR

b=[Ib(T+2)] (6)
Hol - TR EBEEAFS  Hlnd = 0,7 =2, MIEHRME e, =
255 = (2 +1) =252 FF—RBAEMEb = 2, IR AW
B BTA N 255 .254.253 1252 B R, REEHEER
252, VHRENFIN 3.2 1L A0, %R IR E B A4rBIh 11,10,
01 F1 00 , BRI B FHR 2 AE A 252, W PR {5 B P
2 (A BIRFEE(E Ac, FIRBERE o = 252 + Aa,

SRETAEHYEG, MAFUEREEHPBHIART 4
i L SRR R IG R R AT B A AR R
FERPIEBARGERE HBENEREHE, BATERA
ENLE TG BRI K EE/ T RS e B AR K
B, SEgEME R EML, RAZsEEET BAIARES
BALKEH,
2.1.3  TATESH

AR = B NR E 2 EY B AT BT, A
VO A0E K AT RE S ML AR BT & 5 A G 2 ( AI&R)
B s T B A ML B LOOO R & 15, R K /12 320 x 240
BE, LT = 2 AFHITN G, L8055 — 2 b A
S B R ADSCRR O 1 B VR d R ek BT TR R A B
Tk BE AR R G R ERE R [3,255] 5:[0,252], % F
PR, Z2EY RER KA AL, =3, (AR, +1)72 =2,
Ak, 20= 1, B BTG RES B85 253 701, BB G R EAEN
TERERLL1,253]; LRSS —HWorREBE=sBEEHT BN
SEEETBRAASBHINEET BRRATENBASZR,
SEREERMFE 1 IR,

1 ZHEEEVRHOTITESTER(T=2)

.., REES/D H{EE/b MARER/D
st AL 3CRRI9]
yE| 4% gz DE DDE PEE TDE DDE PEE

Max 816 7760 816 9132 7461
Min 0 17 0 88 90
Avg 42 1288 42 2297 2486

36582 35336 29432
31675 22816 15357
35185 31246 23401

#1 9. TOE RR=4SEREET BRAST L, HHEHER
N5 B % ; DDE ( Double component Difference Expansion )
FRIFEZHEY B, PEE( Prediction Error Expansion ) 3275 84
S EWNRZEY &, DDE M4aE4 6 LK PEE Kk A2
PLER, S EBVE BB R4 E B AAT Y EEEM LSB {7
Wi, BN ESR BRI RS . =R AT IR A SRR
AL B 1(a) IR H T RME R T SA, RTRNEGEER
HEBRRN—F(BP38400) , LIERF 1) A0 G
AEFER B E L R T B, R IR RS B AR
FE/NFSCERL9 ] B IR TR 7 15 2) U R iR = 2= EY
B AESRESETINREY RVEDEEEERL, Hix A
FERAGHEES, R AT R EEZERASIERE SR
BIHHE3) S BEET RIRAEBMEL, =208 26T
B EAR/NEERRR, S8 HRRR DN Y BT
WiR2Z , JF AW B A SR M E , BRI AR E T
W 3939 A, Bk =SB EZET BRERATEEATH.
2.2 HIEEBANEE

FE1 BRm o4 07 R BR R HAT 404, FER IR AR
SR (a) BB AR AT R(D) . FrRALHERA
BN INES (B8R eKey) , LASE I BASR B HE 19 22 2 1, B Ak ik
AT,


http://www.computerapplications.com.cn

£9H REFF AT=4FM

MR R 2 ZAAY e oy 7T 4 B 1A 2411

1) B HRAK S pass = 0, AT AZEHIHEER EN =
0, A#EBRFEITEARS, = 0.5, = 0, AGENHETH LTIk
$ifa, =255 -(T+1).a, = T+1,A(6) HHE R
EFRHAIEL b,

2) BhE R T ) JBUR R R SHE — R TIER R 3
B= B g EE a,~a, il a, = a, = a, SRR S, L,
X HEENRET 0 e [1,3];FM, 5 a, <a,, 18R
S, 1 ARAE S, f S, WA/, R (S) HEY BRI dAd =
O, ARBRWEES =S, BWEL=1,5=5,

3) G EFHAMER, HME—BER, &'
BB RN a, \a, Tl oy  HRIEY R J7 10 P23 A 687 A i HH 0 15
R, R AENGRES ABRK.

a) FtrEd = 0.4 a, = a, ,BRWEME A = a, - qa,,
¥ Aa By b AL HHIBOEE ARG RN, RS ERE e,
TEN a,.

b) FitRiEd = 1.4 e, <a,, BRMAEEAG = q, - a,,
¥ Aa By b AL HHIBOEE ARG RN, RS ERE e,
TWEN a,.

4) MR IR B R BNE B U Sk R R R B
Ho s kB8 1D AR ERET B R LAY
mbRE, BEREERH S 2 HERRNEE (2 B) AR
KEE(4B), 3k 8 B, (UK BE 64, FBNE BALMKE
LA =8 x b + 64 BB 5 B2 EE SRECRE MR IK 2 B b BUAS
BB SREERARKEA,

5) HHEARAE pl. BRARMEER , SHE—FF RN E R,
HREEA R TNR 2 I AR BV/NMEF , 124 pips Fl
s, ARQ) HEENEWMMREEME L, Eh e (& 1,T1,7
RAZETHEER EN N1 AR ERRE S pl = EN — LA 5 32BR
RBKE PLR TS FHREEES pl, PL = PL ~pl,pl FFAKL
3%, BN, LR T B AR R B PLRA S KR
PLEO,

6) A AT IR ABE . R A 6 AR A E IR,
DA eKey VEAFIME , 224X pl R A IR TR 31 o 4 50 R0 4
Bifs B& 3%, 3 A BB AL - SR TR 5 B AL B, 42 LA A
1§18

7) #ABIE B AR E R, TR AR5 2
FHHEFICH pipy Flps, A (2) R HMREZME b, 5
hel-T,T], MR AR I A BdE 5L i R (4) 3
HEEY RE ALK EEY R AL DT d Flp, p,
ps FRAZR(3)  IKIBIVEBHN IR Z py o s, AR(T) B
BB EAE ay vap oy FHE AN N2 PEIHIERARE
E¥P#%.

a, = a, +p, (7)

8) HEURE A, W HRAEIS ; BN ,pass = pass +
1, i AZEITTEES EN = O, BB S, = 0.8, =
0,#AH2) .

2.3 BIERNTEGRE

B RBAEGREATEZRBRG, RBRHE="1
SR BE T A H eKey AR N, S i AR 32
it 15 DR BT T IR TS i B O E , B A A 2 A st
TLEEIR IR , R BB R S LA R IR, TR R IR E R
HER, BRR R AR BN,

1) WK S HEBRE B N pass = N, ARG
XA RWE IR IR, LA EH eKey 1N HIME, R (W/2) x
H WA RIRBEFS X B W H B 5B .

2) BRI, 7 $R BOBUE Z /T SeHEAT A, W I
B RERARIE N F A EG , TR TR EFHET, B
Bt pa ~pops A (2) THHEZEME A, REX -27,27 + 1] {5
W22 {HIY LSB, FI$RERIAET 8 SrERA Mibr A I, [
RIFHEF TS AR, RHEG T RS, #AT
— A RBEEE A TSR, IR A RALIR, EERS R
3) EEEUR T E G, TR TR E I H T, AT
18 papo-ps THHEZE(ER, , B—R[ -27,2T+1] {EENEME
) LSB, ¥ P i 5 1B 751 F 8k, A5 B 2 B
WSk SR RS B ER, Sk U BORE T 1) d.
4) MEBEGIJFAMESR HE G R, TR =0/
R BII RZE - HE T, A BT R py oo ~Pi3 WHEMHE, Eh e
[-27,2T +1],W i = Isb(h,) ,h = (h, —i)/2,% h)> 2T +
LWh =h - (T+1), & h, <-2T, 0k = hi+ T ZEY R
B Ah i (4) T AT RIRE TR
p1 =py — Ah,p, = py,p; = Pa, d=0,h=0
p1 =pa —Ah,p, =pp —Ahyp; =p;,d =0,h <0
Pi = DPusPy =Po +Ahp = py+ AL, d=1,h20
D1 = PusP2 = PusDPs & Pa.t Ah, d=1,Ah<0
(8)
FAFT48 py Py oy FECT) THEMMN R EE a0, Flays
5) RERGRE T H#H AR, S HE—-R TG ER,
EREANDENBREME a0, Mo, , HEREMH e, ETYVEY
RN R Y I AYE, 7o 2 R A B AR R R IR R R (A
a) FprEd = 0.4 a, = o, , ATHEE R P ERRb AL
TEER, ERG RN A, FIHERME e, = a, + Aa,
b) Fiabrid = 1.4 a, = a,, ARG BRFURR K
A Ac,FIRB R ¢, = a, - Aa,
6)pass = pass — 1,75 pass < 0, iSRG REGEEE 45K
TERR, SRS AT ARIE TR BR N P EHE S ARG, AR E R
HREME; B pass = 0,3 AR 3) B ARSI BUEE .

3 ZBERIAH

KA C ++Builder6 JF & V-G #EATIE L, A 3 RER
A9 JLIRHL ALY 200 x 200 2 64, HoeE 3 i@ A5E 4 18 207
NP LB RENLE G S ABTI B R AN
(AI&R) BB 7 o B T % 50 140 R V_0146_05 701 1E 17 [
B V_0146_10, H=/rEWMREZEY BITkix AR
B(T=2, A2 ), ERFERENIRAR(KTET
0. 90 bpp) F1E & B ( PSNR=47.70 dB) , iN& 4 BiR,

i

B4 mABEWE®R(T=2)
42 Ui T AR 4 R RS T RO
FRFNIE(E {5 W b ( Peak Signal-to-Noise Ratio, PSNR) X bt 5256
HR(T=2, A2 K) , AT ERSFHM T, 5582 1N

REY RAENEG G EM RCB & YL ERE 4 &
BALIR, R 2 W, ASCREHET TOE, BB FREY &


http://www.computerapplications.com.cn

2412 SR A

# 30 %

faI#Rk PEE, LEESRER . P RANZoBRZEET BRS
FIFH B A B G B 58 Z IR AE /D2 E, I ARE R
KRS, AR ARZEELHANER T, BGRED R
FHRoBWNREY R, WA A A% 5N FiREEE
HABEE BA R BRI

RIFIET ZoBREET BAESNGEEHET BRA
FEAEA R BME N F# A ZR A PSNR B X LL 45 R, SR X 4
A 200 x 200 Peppers % & K8, #x A 2 &, H & DDE J}y3C#k
(10]Hy T, TIERRM ) BE T X ERFEERNER
BORBIE ;2) AR B S R B RRENT R M, B
DT AR A R R R EE, RO BB FERREE
B, HIIR AR R A R AR ;3) BARAMMRATENE
EY REMR AR EEY Ry REEEY RE58E

M, i R, =0 B EEY BITER ISR
BUHES 3 BRAGEROARES, MRS AETRNERES,
A CH Y BB MO EIE I 1 R AR E, # RS
TR R, BRI A B8Nk 5837 i,

F2 HRANEFMPSNR XFLLLER(T=2)

# A%/bpp R-PSNR/dB G-PSNR/dB B-PSNR/dB

M “IDg e TDE PEE TDE PEE TDE PEE

Lena  0.958 0.557 47.88 46.77 47.69 46.82 48.01 46.84

Peppers  0.892 0.437 48.44 46.77 48.49 46.87 48.76 46.93

V_0146_05 0.914 0.340 49.39 47.07 49.75 46.97 48.75 47.15
V_0146_10 0.896 0.454 48.82 46.68 49.25 46.71 48.34 46.77

#*3 ARBETHENZERM PSNR &3 bk LiE

mNEESET =B8R EY R BRNEET REEM #WAZ/bpp  RPSNR/dB  G-PSNR/AB . BLPSNR/dB
PN oE, H I PSNR{EA R F R, ML S B HE TDE DDE TDE DDE TDE DDE +TDE DDE
B XA A, UL T =4 R AR BB 6107 {7, 0 0.267 0.198 55.93 56.30 56.120 5611 55.77 56.26
RGB 4y & #y PSNR 435 K 2. 33.2. 32 #12. 75, {H PSNR ]} 1 0.733 0.542 50.35 52.83 50.441.52.85 50.78 52.96
FFAET 47 dB 2 0.892 0.714 48.44 51.18 (48.49° 51.03 48.76 51.31
. 3 0.945 0.785 47.58 50.16 47.59 50.10 47.74 50.41
F4 FU TATIOL SR REEY R R 4 0.970 0.817 47.26 49:50) 47.15 49.47 47.15 49.90
B #x A B FIPSNRIEXT LLE5 SR (T =2, LR iR A ) , LI 45 R - - . . . . . .
£4 HEARETHRASSM PSNRITLER(T=2)
@ 7% H 2= M8 BAKE/D R-PSNR/dB G-PSNR/dB B-PSNR/dB
TDE DDE TDE DDE TDE DDE TDE DDE TDE DDE
Lena 0 6 19046 18130 50.78 54.69 50.39 54.70 51.07 55.01
Peppers 0 253 17505 14000 51.32 53199 51.27 53.87 51.63 54.19
V_0146_05 9 634 18348 12511 52.78 55005 53.22 55.12 51.47 54.94
V_0146_10 5 157 18020 15377 51.99 54.36 52.66 54.63 51.14 54.17
. [5]. CHRYSOCHOS E, VARSAKI E E, FOTOPOULOS V, ¢f al. High ca-
4 4£iE

B SCARL 1 VBRI OB R ML A AT LA
AEEREGERN, BE —HET = 0EEHT RIER
BIGRATH Se fRE s . RBREA R 0 B Z R RS
BUNEEY RE , NTED T 6 EERB 3RS T S5 ER
Biko KRR ZEY 7B LR S8R B AR R
H7T Y RGRE, I O B GRS EME IR AR E
FRRERR . 550 BT RRMF S b EHIRE , B
PEARNT 22 A A SR AT R Rk B SR TE A & B SRR 9
BHRRER. FREICATZIRMER, R BOR R
MR T o R IR B R . SKIR AR R, IR B kT ik
ABEME GBI WA RA BRI . BEARZAE
T XIE 0T A R 2 (BN T T B IE B2 (6, R 2B
P BB R E, X R R A — E IR
B E 3

[1] TIAN JUN. Reversible data embedding using a difference expansion
[J]. IEEE Transactions on Circuits and Systems for Video Technolo-
gy, 2003, 13(8): 890 -896.

[2] THODI D M, RODRIGUEZ J J. Expansion embedding techniques
for reversible watermarking [ J]. IEEE Transactions on Image Pro-
cessing, 2007, 16(3): 721 -730.

[3] HUYJ, LEE HK, LI J W. DE-based reversible data hiding with
improved overflow location map [ J]. IEEE Transactions on Circuits
and Systems for Video Technology, 2009, 19(2): 250 —260.

(4] BRITIE, B, 22t FI 22 (Y IR AT vl o K i i
BN HHEPLN F, 2008, 28(2) : 455 —459.

pacity reversible data hiding using overlapping difference expansion
[C]// Proceedings of the 10th Workshop on Image Analysis for Multi-
media Interactive Services. London: [s.n.], 2009: 121 -124.
[6] WENG S W, ZHAOY, NIRR, et al. Parity invariability based re-
versible watermarking [ J]. Electronics Letters, 2009, 45(20):
1022 -1023.
[7] MA KUN, NIU XIN-XIN. An improved reversible watermarking
scheme [ C]// International Conference on Signal Processing. Bei-
jing: [s.n.], 2008: 2229 -2232.
[8] LI ZHUO, CHEN XIAO-PING, PAN XUE-ZENG, et al. Lossless
data hiding scheme based on adjacent pixel difference [ C]// Pro-
ceedings of the 8th International Conference on Computer Engineer-
ing and Technology. Washington, DC: IEEE Computer Society,
2009: 588 -592.
[9] CONOTTER V, BOATO G, CARLI M, et al. High capacity reversi-
ble data hiding based on histogram shifting and non-local means
[ C]// International Workshop on Local and Non-Local Approxima-
tion in Image Processing. Tuusula: [s.n.], 2009: 130 -136.
[10] RERGE, WRAR. S T T e 2 HY R IR & B G EHREIE
[kl J] - HHEALR L 2010, 30(1) - 186 - 189.

[11]  REEE, EILNE. S TArBREEY R % 6 B R T S50 f
[J]. 3HEHL F, 2010,30(5) : 1212 - 1216.

[12] #p3h, WO, AR E, 4. E TR B RVRERETN A&
BB QRS mISE L T] . T3], 2003, 31(5) : 707 - 710.

[13] SACHNEV YV, KIMHJ, NAM J, et al. Reversible watermarking algo-
rithm using sorting and prediction [J]. IEEE Transactions on Circuits
and Systems for Video Technology, 2009, 19(7): 989 —999.

[14] 3cfe, BEE, Zion, & F R GRS BHHEERY ARG
SITE RIS I L] . AL AR 5 R, 2004, 40(22) : 51 - 55.


http://www.computerapplications.com.cn

