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Abstract: To improve the quality of the reconstructed image in any tamper condition, this work proposes a
self-embedding watermarking scheme with robustness against watermark alterations, and discusses the reasonability
of the predefined threshold and the reliability of tamper detection. The proposed scheme firstly sets the least
significant bit (LSB) of three-quarter pixels and two LSBs of the residual pixels in the original image to zero. And
then the low-frequency feature image is obtained by quantizing the low-frequency wavelet coefficients of the
original image content. The improved security watermark, which is the binary code of the scramble version of the
low-frequency feature image, is embedded into the LSBs which were set to zero. While the image authentication,
the proposed method is able to discriminate the malicious modifications from the mild distortions according to the
predefined threshold to enhance the robustness against innocuous alterations such as watermark changes and
channel noise. Theoretical analysis and simulation results show that the proposed scheme can discriminate the
different modifications according to the predefined threshold no matter the embedded watermark in the host image
is randomly or regionally tampered. The quality of the recovery image can be effectively improved due to the fact
that the different reconstructed methods are adopted for the different tamper blocks.

Key words: fragile watermarking; self-embedding; discrete wavelet transform; scalar quantization
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Fp, J ik 3 R ARYE BIE R 4 7 B AL A R R o 7 skt AT LR L A 2ORAR B T 8 NSk A 300 K ep
S RBATIRE R,

KR MEEIKEP BB R TR AAE L

A2 %S TP309 XRKFRIRED: A

FETHCF K BN BB E 5 AR 43 S K 5 IA1E (hard authentication) FBCR IA 1iE (soft authentication)py &M I
H RS R AR 50 7K B AR AR e A% ) 2 65 S K T A D s e (R TR T ) R i 7 ] A e B T P oy
(B D ) 9 e stk B 1] 45 Al 0 o5 o R 13 R 5 2 0L 1 i N B A0k O A g il AIE 5 AR P — ol AN
Bl 0% o7 ] 45 e T N I 37 1T L A U R e 52 V1 A T P 2, T8 A AL T R B K BRI R A E B AR
LA

TE B HRAK ENRE 0 T 43 2080 I ) B8 5ok 55 0 i, 2 SR S T IR A PN 8528 J I 7K R B 8 22 B e e
JK E RN AN T L 76 PR 1 AS BB 7 (least significant bit, fiiFR  LSB)isk A K BV SRR B RN HLE 10
00 224 5 KB PG v RN PR 7K BV JE AN B S e B A P 4% ot 7 S 5 BT N K B th R
A 8 AT B A P 2 AR T, 220 43 /K A T A e (A g 50 1 K B R AR D ) i R I iR N BV
75 380 1A STV 5T TR 1) B 2 R PR Xt AR 7K B (1 B PR 5 L e AN WO R 5 K EN R
P K EAE R AR ZEORAIE 2 7K B G N IR 7K EAR B 58 A A4 AR AN K PT g — T, 2 ek ) 4% A% i 11 75 7K
B K P AR AN ] T b 2 52 380455 3 R 75 10 R 00, 57— T, Tk A S N 1R 9 2 I B AN T R 21 R AR K N
FUAAR DL BT oMk &2 R Ik ZE A AR 1 ik N B A R0k I R0k R B8 X0 4 T A frr 2 v RN SRV 0 K ER A
BB B v B AE /D 2 /K B S SR I 4w BN R 1 R eV AR = A 1 IR N AR K B LY A )
SR I 6 01 88 e 1) 94 B i) AL

TR XTI A BARANFE RSO, AR 3 A5 TH A9 1) 80 T B B ik A K ENELE K BE B
oI 55 1 3 R AL

@ ASHE UL L P 4% B T B AL AE [ i N K BRI TR 3 T PR 5 R A 2 A R K B A R A R N A A
PG B IR SR AT, BRI 75 7K B B G b — S MR B (I A A BB 25 S BOZ IR A RS — AN RS A (B TRIK
B B AR AN AE A IR ) IR IS A5 A DU s I A e A o 24 52 T G B A AN o B 2 AR BT 20 B AR
BV AN REA RO X P R G B, DT 5 35— L S 11 PRl G gl 5 ) DAy B o (R ) - 5% b A T W ST A

@ AR FEAN A LA 8x8 PR g B 2E B K B R B BVA I ST A RS 2y 8x8 AME .

@ HF M P RO g B BILAT 1 R N K ER SR O 3 Bl RS i g B AT RN K B A R
RSA,DES 25 J7 v i 2 7K B AR 8, 336 28 i a5 5 32 LA 850 w0 10 22 A k) Bt 98 o 17 5% 7K B 6 B ol 13 sk e
DES,RAS JII% S I AT 401,25 30 1 EUAREA SR 1 TS, g JEG i 235 15 1) B S b A A PR i A SO IR 200
50%. [ 1k, ILAT 43 B F IR AN K BV TR, 1 AR ZK BN R I ek G 3 — A 8x8 R Bl 1 I HLAS B i Pl 4%
P76 20 BUk E

T B RN K BN AT R B A IR B O T AR SO IR 3 AN 1) R B el ot K ED
157 IR B SO R 1 1 i N K BBV I 00 BT T 122 S0 1 ) 1 32 ORI 0 8 o5 1) T 9 vk A2 SV R — RN O iR
PR ER A0 R 50 A A B B JR DR vy 1 N SRV T 8 A7 K 8 3 T B AU A1 P 5 L 2 R AR AUE SR 1) 22
A AR B s A 7 P A5 ST L TP A7 S L R AT B SO A I R SR (K ML A KRR R T AR
IR 7K B JE ST CR Bl LR 7 0 65 A B3 4 AT R B 45 R R 1 O 18 7K LA 2 Ak I L 35 5 (i 3 g
) S 2 Al X 3 T (R 0 ), A0 4 A A A TR U P B 1 PR A e e ek L AT A R B ek
I NIE - =R N SP RSt

1 BHUNETHRDWT)
/N3 BT (wavelet analysis) & — P H 283k 15 32 N H M5 5 981 7 v 265 5 0 fr . IS b 2ds
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FEAR AR EE N, O JPEG2000 Hs 46 btk (1A% o B A A SO B 1N i AE 4t (discrete: wavelet
transform) [ 47 11 B - S50 1 A /K B L, AR e 1 RN 7K BV V2 1) B8 50 ARG T

R 8 BN T 2 e o0 A 7 PR A% 10— AN B AR Dl 5 — AN 5 7 BS A, BB 15 2K B
— ARG

A={a’;,0<i<m,0< j<n} 1)
WARAFAE— AN BRHL F(x,y) € (RY) AE F(x,y) =D a4 (X, y) JBIL B BN AR KA L 2N o it
i
f(x,y)= zaio,j¢|,j (xy)= Zail,_jﬂl,_j(xr y)+ zzcik,’jdfpilf'jd (x,y) (2)
ij ij I,h i,j
N
DWT{a’,,0<i<m,0<j<n}={a,cf,0<i<2*m0<j<2*nk=12..,L,d=123} (3)

Horb aly BROMRIREL, ¢ N[5 10 (K m SR B m A n 05 J5U B AT 518

PR 0 8 BN B A et T BERAEAS [ 93 W e b iy 3Rt A DWT R0t 1 FEMRAE Jm i s s frr Ay
B LA T UG R A S S DWT Z B IR OG5/ K ERIG/NB 73 gt 2 1 () Db 23 sk BT 45 e (b) 2 5 ()
GO NI — 2% DWT 23 (c) M Lena JiUAR 5 (d) 2 Lena K — 20N ik

@ @y | ©)
| |
[ [ | 13
[ | | {c.ljz} {c i }
| |
(a) Spatial-Domain block (b) Corresponding DWT coefficients to (a) (c) Lena image (d) 1-Level DWT of Lena
(a) ek 5k (b) 5 ()X R DWT &5k (c) Lena 1% (d) Lena [ — 2% 25 HUN B AL

Fig.1 Mapping between spatial block and DWT coefficients
K1 zssldels DWT REMU R

5T 1 A2 AN [ £ 2N BT /NI o 8 K K A R P R 2 A I AT — S AR
AR IR, 5 B R — R B e A5G i) DWT R 8 — e T2 7 Uik, B 1 BT IR R G 38 AN )7 AE R T 5%
SCER /N, I S T AR /N B TS X I DWT AR M 480 %o B B B 1 5% i R e 52 /0N i
B 1(a) B i s AR e ar ir el i B 1(b) P DWT ROk R AE. K Ik, 7 3T BL A kg — 270N 8 43t 1) A A3
A e S R 2x2 [R5 3R (ix2-1:0ix2, jx2-1: jx2) 47 K, Jh 438 T 5, 15 AT R 2 ; F I 11 25 3k 2x2 (19 ]
BT Ay AETRATTH S0 /N AR 2% BT ok A2 A ik N FR 7K B L, 5 R0 2% 00T 1 ) 20k P 45 Bl /)
S BLS0E RO B R, A SR DB /i dE.

H L 1(c) M A(d) ] LU HY /N AR e by A 1R AZ AR Hie— 4 AT R 0 LA SR BE 0, AR 4 Ja AR B0 B 0
il A AN BRI ZR B0 /AN A R O KT A T 1 T 0 S A R R S F ) A K
B S RE 8 R AT IR TR AR B Ay 11 2 45 5L, R T T 4545 L RE 06 A7 00t A I 58 T80 O 3 A M ke 52l B 5 Pl 45 ke )
M.

2 BENKENEZX

2.1 JKEPERN

HOBUEL KA RRBERFAE 7K B R PRI AR ) A A2 0o 48 TR 3% AR Sk R PRI — e — N U A AR AR
HUE AN PR B R T N BARIUR B 5 i st 2] b i Ak (scalar quantization) ki &2 7K EILAE BRI 1R A
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TR N AT AR 2x2 BHGER A RFAE BE B R AE AR R R R AT R0, SR B R A A S i n % 7 i
B 2 Dy 7K R AN SEVEAE B P40 20 B R
User key k i

b=

A Set LSBs DWTand | Q | sScramble | E
Original image| to zero "| quantization "] encryption

A
User key ko I » Emdedding Wiland W2

1; Watermarked image A"

Fig.2 Flowchart of embedding watermark
K2 JKEHRA SR

Step 1. HEF 4] Ko H SR TR Apcn IR M IS AT 28007 1 20 A MR 0 28 A ST 35471 Ko ZE 1 (mY2) % (n/2) 1)

Binary

A

A K AR R B, B!

1 .
o of if mod(z;,4)=0
[0 1] .
. 0 0}, if mod(z;;,4) =1 “
"o o] .
10 if mod(z;,4) =2
0 0] .
o 1_, if mod(z;,4) =3
TP Py 2% Ay
A=| Al2]-(mod(| A/2]2))&B (5)

o &ARF AT 5 12 5, mod () b FERREUA, | | b HUSE.
Step 2. AL ARARFIE FIR Qb G Py 2% A A — i — /BB (AS SCIEHL DB /Mg k) ok AR AR 5 4
{& }1E 5 LRI A b i A, A X T AN B Np=2°, A4 BRI AE 15 Q={ali=1,2,....m/2, j=1,2,...,n/2},

1 : :
p ! 1,])
Ferr max A min 2353 4 5 15 {&] 3 10 B RAEAT B /MEL p = (max—min) /N S 2520 iAol
Step 3. AL AUINE A MR EIE T 28] kOB IE S Q il (scrambling )& & L in 2 5 B E, R
E=5(Q,k) (7
Horp S() AR B LN % B A A fRAIE 7K B AR 1 22 A, S () I i A 2 L PO L R 050 A ) A 24 ) A SR T S

HR[410) B EL 028 5 k.
Step 4. A AR AN FE RN I A K BB AR WL AT W2 s R RS T 3 ey HEAT A 4 A, B
&, = (bbb, Dby o), 48 by, e£0,13,y=0,1,2,3,4 FLifhi L
4
g =2 2", (8)

iy

b, b b., b
|3 ij2 | Mia ij4
W _|:bljl bij0:| W2y _|:bij4 bij4:| @
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AR AR AR B R WL AT W2 395 S5 BB G /MR, AN W2 4 AN TG0 38 A IR .
Step 5. ZKEHRA 5 B /K EIV &R WL AL W2 BN R P %0 A ek B L 5 A
A" = Ax2+(W2&B)x2+W1 (10)

Forp, AHFERE B ARG P ko #25X(4) VAT 2 .
22 EHNERE
Bl 3 D BRI 5 W S SERE P, PR AR D R AR
The threshold T and t;

SetLsBs| A | DWTand Q

to zero quantization ‘Q -Q ‘
User|key ko—i g
A Extract the| W1 and W2" | Decimalization e Pout
Tested image| watermark "I and decryption A; Isinvalid an g
£ will be recovered Processing
User key k

Fig.3 Flowchart of tamper detection and recovery
B3 B Kk 52 HE 18
Step 1. 7K EPEEIC AR B 81 Ko, 3 HR X (4) A2 e —AHAEBE B, 25T ko MM NG A R 7K ED A 1A
W1 = mod(A*,z)
. . (11)
W2 :(mod(LA IZJ,Z))&B
Step 2. /K EE S H 4 IO ARSI AE P 5. Q° :{q'; li=12,.,m/2,] :1,2,...,n/2}.§§'ﬁ>|%Wf7Fﬂ W, 43 2x2 ) ]
By AR E R BEAS 2x2 (1) B 5 e di RO 100 T 3R i 4 O — A 1k R AR oK B AR R P B2 g A
E*:{eg|i:1,2 ..... m/2,j=12,.., n/z}:

e; =d1; +d2; (12)
Hrp,
dy; = SMziXZ—l,jXZ—l) + 4V\n‘Zix2—1‘jx2) + zmtixz,sz—l) + M:ixz,sz) (13)
d2; =16x (Wzi(kixsz jxo-1) W2:i><2—1,j><2) + Wzi(kixz,szfn + W2:i><2,j><2))
MR 4] kot BT iR (B L) A AR A7 A8 7K B R b AR AR i P 1% QT L BN
0 = S(E",k) (14)

Hor STH) AR B LN 2% £ S b 2.
Step 3. 4%JH4 2.1 15() Step 1 15 Step 2,11 5143 BV I R AU IRAUFAE B R Q7 ={q [ =1,2,..,m/2, j =1,

Step 4. & X EHERAQ =|Q" — Q| M4EAQ R 5z B T 2.3 1 isk ¥4 B (134 H) YR 59 P 25 4 L 04 11
BT, IS FEBEAT AH N 1) BE SOV S BR A B ty ok 2 UG PR R Ay 11 8 SBIR(IEAE N_g(Agy)) & AE % A
(5L FAN 0), 0

@ BLSGEAL IR A0 H. ty>T U 2x2 (F PG Ee Ay B B000 75 0 A 2x2 (R PG B A AT LKL

@ ZESWRE b e B g A R G e AT LR S BT AL TR 4 AMBER IR S
TGy x p+pl2 Hd p MRS K.

Step 5. Ji A& ! (post-processing): Xt T 47 A0 I G B Ay 23 il vH 55 A I ME Ave(Ay) A1 i KGR HRAH AR
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8 A BB TFIIEL A Ave(N_g(A]) ), 1R | Ave(N _g(A])) — Ave(A])

Ave(N_y(A)).

DRI 5 BV F 5 AL BT (Step 5) Ry T30 R 2 45 T A RO T 2 . 2 1
AT K B b B BN A S B T T 05 7 Al B P 9 O s S0 LTSGR B
R 5 2 0B R 2 0, 0 192 T 1 1 5 ) B R )t B
Yo BT BRI EE R COR) (H 2.3 45K 14 95 0 9 2 M) ML 1 0 192 o 7l 4 3R 1913
A 1A PR 52 e 07K 13 1 ol 3 2 5 (R e S R 50 52, WA T 3 e 52
{5k A 0 7 DR, 6 B D 5024 8 R A 4 TR R S R L3k T S0
IR LA (A B L 75 )3 M O A 5 2.3 1t 06). T, L3 25 8 L U 95
R P B T L.

23 HEH

HOAR e A (1=1,2,...m/2,1=1,2,...,0/2) 75 B, W PR 5 B PR e 45 Ho A My 7 S B
SR B Ay W A Mo U, A eHy. B P By 328 I 19 (Bt SR 8 S
B, B4R,

>10, 00 A; 4 AMEEIEE SR

Py, + Py, =1
Hy,nH =&
ot o2y Bl G P BT G B 465 6 45 T8 B BIEL T, 40925 00 58 SORS DU 6 AT LA ok Y %2 Ak % (probability
of false acceptance)Py,(T) !k % M % (probability of false rejection)P(T) A/t A 5k I ML R 2 38 I 15 bk
e S AT B R R AR WU ) 2 L )R 5 e M e A 4 R 5 e v A A A K, T B R O 1 2 i AR P B
DI PRI HEE 26 bl R SORST WU 5 P 52 B9 Step 4 TR, A SRR eSO I B9 P I R R R S M 43 nll Ay
Po(T)=P{Aq; =0| A] € Ho |+ P{Aq; # 0| Aj € Hy | P{t; <T | Aj e H,) (16)
Py (T)=P{Aq; #0| Al e H,|P{t; =T | A e H, | (17)
FEARME BT B T R A R R i 2 38 1) 1 0, 1 TR M50 1) A B8 0T 18 IR 1R M % 5 I 1Y)
RER NI FRAT 5G4 AR 20 T i — /N S A
R 1ML BRSNS O (n,p) (K I A, BB HLAE B € /N T T IRER
P(t<T)=Y.Cip'(L-p)" (18)
i=0

Forpr, CARZ M n A TG AHERL T A AL AL,

TR FF A SS9 e K D R A K D B e T 43l A Ay 26 B B0 K ET 3 L 4, B
Ay = B+ B PRI 7K N1 A PR R4 R A ¥ Py, Pl T R, 22 B2 A € Hy
o, AR A R A A O Py Py, I Ry, 2 A € Hy 61 F AL A LA, 2 25 B2

= o
AR,

(15)

Pcml = PL|H1 =0 (19)
£ TP K B TR T IR P 2 A B K BN B 280 LN B S A RN TR SR AR A AR, R T 12
Pl 1 B 757 e B8 o, A 7 7 BV AGS JE e 5 1 R 23 08 3 B AT [ L5 ok 00 1 8% v AU 57 Al 5 5 ) R 2% 1l 1 L, DR

00 A rp A BB B A K B R SO AR Py AH S HAGF
Rv = PW\HU = PW\Hl = PL\HU PHU + PL|H1 PHl = PL|H0 PHO (20)
FESY 4 R BORIHE of = o 0B ( A 5 Ay 5303~ B K ED MR PR P 28K A R g 3 5

B ) A AE):

(1) A AUHISIA K EDE L AL, M7 0AE. K BV T S A S, AR AT MBI o, = ) = g B
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P {aj =0} =0 (21)
@) A R Ay S0 K SR d) = 0, 1) = g, B8 PR He a2 AR T AR S K B L O B
— A g # o, Bl
Pu{dy = G} =1 (22)
@3) A WO A BoAT . B B SO VRS o = oA SO I, SO ALK o T A 4 T A

255 00 o, = 0, DU REORA BT 1 B R R K 3.2 5 4B B R ety 28 BB 55 ) # , 1956 ), AL
WARE PR 9B 2O 16 6 12, 7 LAl

Poldi =)} ~1 (23)
(4) A FA S SR, f 5 6 AR IR L LU R 1R G R e [0,31], U,
- R2) 1Y
F’n{qijiqij}=1—[1](32j =1-1/32=31/32 (24)

BE Ry, MRy, RIS A € Ho Bl A € Hy 250 T Ag20( g # 6 )RR, bl % 24 X e
PU|H0 = P{q;} * q; | Ai: € Ho}
=(1-Fopn, )(1_ Rk, ) POO{q:j * qa}*'(l_ ReiH, ) RuiH, Pm{qrj # (1;}‘F
Fein, (1_ PW|H0) 10 {q., * q.,} Peth Rumg 11{% # q.,} (25)
~ (1= Peyuig )Ry + Perng (1= Rupy )+ Peprg R, (31/32)
=Ry + Py, —33R, Py, /32
AH Y
PU|H1 = P{q;} * q; | Ai: € Hl}
= (1* Pc|H1)(1* PW|H1)P00 {q:; * q.,} (1 PC\Hl) WIH, "o {qu * CI.,}
Pc|H1 (1_ PW|H1) 10{qu * qu} C\Hl W\Hl 11{qu * qu} (26)
= PW\Hl POl{q;} * qij}
=R,
AR, Ry, MRy, 35 4500 % PR BN BB AT K, Ry M0 PR el BSOS B 48y A B 4
AT A oG,
s A 00 AR 1 DX 3 B o, T X 3 5 A B 1) B A Dk o HL L S X3 )45 3% B L BT e (R 3%
HIEEA bit oz H IR R AR AT Be PEAR [R)), R b 414
PH0 rp
Pim, =1-Ps (5,0.5) =1-1/2°=31/32 27)
Po, =1 P, (4x8-5,05)=1-1/2" ~1
BN (20) £

Ry =P, Py, =31p/32 (28)

¥ 3027) 7 AR (25) B (26) 75
Ry, = Ry + Pej, —33Ry Poj, /32=1-31p/322 (29)
Rym, =Ry =31p/32 (30)

IR A EGR A e Hy BUEIL 8 &R N_(A) R G PGB B (R 2w T LSOl S0 L), 1%
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FAEE 4 SN (8, PUIHO) 0 I A1, e E B L AT

71 g
P(t; <T|A}€HO)ZZC§(PU|HO )t (:I-_Pum0 )8 t (31)
=0
FH N,
L= t t
Pty <T| Aﬁj eH)= Zcé(Puml) (1_ Ry, )8 (32)
=0

20 (29) R (BL) RN (16) 75 21 A% 3 3 choasr il 55792 PRI AS A %
Pa(T)= P{Aqij =0|Aj e H0}+ P{Aqij #0|A e HO} P{tij <T|A e HO}

8-t

T-1 t
=(1-Ry, )+ PU‘HDZ(;CQ(PUWO) (=R, ) (33)
—31p/32% + (1731,0/322)TZ:71C§ (1-310/32%) (31p/322)"
t=0
¢ 5 (30) B R (B2 (L7)78 B0 A SC BB RIS O K 56
P (T)=P{Aq; #0| Al e H,|P{t; =T | Aj e H,}

=Ry (1-P{t, <TIA eH})
= I:)W (]‘_tz(;cé(PUHl )l (1_ PU|H1 )8_1] (34)

T-1
= (31p/32)[1—2c;(31p/32)t (1—31,;/32)“)

t=0

i1 (33) I (34) T LU Y A SCHVE (1 R A B WA L B T Al L 45 mh e SR e XIS B o1l o7 G 1B 4
I T p=0.2,0.3,0.4 I, A SCEL SOk I 50325 14 R e 5 Mt 4 Bt o R AR A 10 i 2k, 1] 4 PR AR A Ol 3l T, A%
PR REFI B WL P/ Pro. & 4 7T LU H 2/ 2 MR 25 Bt B 50 LA oK) 389 DK T 38 K LS ook s 25 R 26 (1) 2 Wi A2
N IRE A P BEBI R T A3 TG K M W Py BB T (K984 K70 9/ 5 18 21 B0k 28 06 I 7K B B 1
SRt AN 2 R KT e i 4 Wt 3 s e Mk 5, A SO A1 T=5,

i 2 UL RPAE T 25 0, 5A M E LRI AN 0,1 th Ry, BUME/NF 1 & S, nl L i 1
TP A B r iR N (K9 7 B B BRI B IR R R I, BGRB8 4RIy
W BECIR 2 A1 Ao 280 10, DA bt 08 20 U5 DX 3830 7 A B WL 5, S0 () s 2 MR 3 8 K (EL ot T AR SO R P 5
PRI/ (2% 2) A 4 T A< i KT O ot vl AR 32 119, i HL 3L ceAer I 55 Pk A0 1) Step 5 RERGAE — 52 R S Bk
Ak R

3 MEEESHT

3.1 AT

i 59 7K EP BRI 1K BN W] 582 O T 4 K B EUR 5 R d BR 2 TR  22 0l SO L5 L PSNR
(peak signal-to-noise ratio)

1
mxn

VB 7K ETV N S B K AL AT 174 YCRARE, Bl J 8 450 0 g AT 114 DR ARARE )RR EL S A
19, LA [ALLI-A" )T 11950 042

@y 3 (1 0) 1 4 6 4 2
E([A(u,,)—A i.§)] ):Zx(E+5)+ZX(OXE+1XE+4XE+9XEJ:1 (36)

PSNR =10log10 (35)

255x 255
> S IAG ) - A"G 1)12]

j=1
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JE i Vel 5 5 7 D 5 e £ W B Py = T B2
255x 255

;i;ggaman—wanﬁ

0, 5 G 174 Y A T A .55 K ) K L 5
32 BRESENETHNLER

CEFIE Ry, A1 Ry, I, 112086 T PG Py ¢ R T R AL (A NG 2. T 1154 4 B S0, i
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Fig.6 Compressed low-frequency image of different images
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Fig.7 Watermarked and two tampered images
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Fig.8 Comparison of detection and recovery results for two tampered images
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Fig.9 Tamper detection and reconstructed results of randomly tamper
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