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Abstract This paper proposes a content adaptive method to detect the digital image tampered by Seam-carving. Taking
into account the operational characteristics of Seam-carving, in this method, the highly suspectable tampered areas in the
image are located first, and then feature extraction and classification are carried out based on those located areas. The ex-
tracted features in this method are more representative for the influence of the area with less possibility is eliminated in
feature calculation. Based on extended Markov feature, this paper measures the damage degree of pixels correlation caused
by Seam-carving. Compared with previous non-adaptive methods, the experiment shows that the proposed method is more
effective in targeted detection.

Key words Seam-carving; adaptive method; Markov feature; digital image forensics
| m= O A FobLe TRLIE, o3 BURIIE .2 A 7 PR 12
Al &

it 5 A AR LA A8 b B A i e 25 1R 2,
7 EAR IZ W8 NATTAE 3 IR b AN AT A g
Iy BUFEMRER TAC AT H A6 LUAME =)7L
HAIE, B W 0 T 45 D75 T o e A N Ay, (H O
Photoshop, 3¢ P75 7535 B GBSO A F S A A FL ok
2 FEI) D RE LU TR] 5 5 S IR 3 A D5 00 A5 2 A%,
SRAG A3 K7 P B S0 S MR R BOHE AN, X =9
WAk e 1 B IR BELAS, A o i 0 th = A 7 ™ o

WF5T 5 N FH A ) — N

HrBE B R B R AR MR E L, Hoh BUR 47K
& G AL B R AR H DL HAR S8 — vk, fh4:
(17 P A5 48 TS A A, 8 35 - 5 1) o SR AE 1) 4 TS AR LA
ST JRHR AR 1) P A R AR B, 3K L R A7 T
FEAXS H A5 B EAT A L 4 s, SRS N
BRAETEA, 5B RO « R s 4R8O,
S. Avidan T~ 2007 FFE42 Hy T — L T A A G ) AR
HBA, B Seam-carving FARM. M TAEZ K

BIVEE: WK%, Wit, &2 TR, Email: liuchangjun@iie.ac.cn.

IR A5 3 [ 5K SRR 4 (No.U1736214), b 58T B 50 H (No.Z181100002718001), [H 5% & AW & it % (No.2017YFC0822704,
No.2016YFB0801003, No.2016QY15Z2500), ' [EE} =i f5 B TREHE ST BRI I H (No.Y720371102) % ) .

Weh H 353: 2018-09-06; {224 H 391: 2018-09-25; 5w H 41: 2018-09-28



Serae 25 BN Seam-carving PR SLIIN YA IE AN Ty ik

BRYE TR, Seam-carving X} H A UG IZ D AT =
T, JEMER RE BB ARRR RS, AT RE IR
B P B OG0 ) vy RE R X S (A O 2, B
Seam-carving £ A7E Adobe Photoshop CS4 I [FI4E kK,
I HT, X IR A R B kBT, I HE A T
XU R BEAT T R BE 0, B an 4 /B8 22 I B A5
ohOb BLECE AR A 2, 5 Hoo BE A R I A
WAEE . A T R IX BRI ae ), ASCHEH
T A R SR PR A B SRR v

EFXF 3T Seam-carving X BLURTIN, 4T 7Tk
MR LE A B —, B8R Seam-carving HiL & LA
BB R A B, AH I LA TR AR X R
B BEAT MR AE AR AR, AN ]38 S b2 78— e P
O G AH ARG 25 TR I AH DG Pt i IR o 5T I,
H A FE A T B Tl A I B A5 2R 2 TR AH
KRR R AW BB EBE T REBs. £1X—7
] I, K. Wattanachote £t T 3& T B Oh 5240 IERE B HY
FEAESEIO V5 RA I JPEG #% X 1) Seam-carving BL i
B4, 2% 7 2 R A% o0 JE B U S 3 ot R B e O S
AR R WA o, B R A5 3R TR R AH S PR AR AR, AT FH S 1)
AL L O RN R 4 R EAT 23 SR 2k, AT 5K
X Seam-carving MRS, (H21% 7775 KGR
PFRAE JPEG BRI -, I H AR I LR R i)
Seam-carving FErt FIF A I LA RO
A. Sarkar $&HH T — T R 0] FRR R (R AE S HL
TP SCEGAE R, A R AT R R A IR A AT %
AR R RAIRGFRCR, 2 & Ral
FEI T P AR 2= 2 A I R BRARAIE, X AT A3 H 2%
KT AEAH MG FR L AR QIR o B0 IX — I,
I B2 T — PR T4 B 2R n] I ) R AR 4 HL
TR %7 A B UM A5 2 1 SR AT R E B AT
PRI T EETANFE K B R A Q5 38 2 8] 1 1 2R
A REEPE, A Seam-carving EMINURE T
B0 42 b R, k[ E e g T — A kT
Benford &t (AR FR MO 5P, 46T JPEG &%
DCT RHEASHAT T g m A  GE v R AR A D
Seam-carving ZLE FIRHIE, IZRFIEFHN AL SR 1) H /K]
RHFIELE Seam-carving BRI IEAR B T —
AR IR T o IEAh, Be e A AR T ik
T LBP ##+4E[#) Seam-carving 2L SRy I 77 :18, FLF)
A R SCERFAE R JRES 2 E AU AR AR I
VRIVRFAE, AR AR AR 1A% G2 1) 5 2R AT KA AR AT
ECIR AT I RAR

2 A R I, HETEFXS Seam-carving B K
T 77 92 0 o K T R R AT R AR SR I, IR

93

A7 R O DX R B O X ) 2 e, X T R
HRERL & T 2 HICRAE R, SRR 1 R R
Re 7o DRI, ASCHEH T — Pl 25 B Y. A AR AT
PO . ZITEE R YE Seam-carving [ ERAFARE
GO0 H bR E G T R R A AR A R AT
8x8 IR 43 Bk, L (141K Rl S B Dl R vy o e AL AL
DX B AT I T T IR ] AR IR AR SR G B R
FEHCRFAEEAT SRR 1) ALY R4 BN ZRBE A, ST
Seam-carving HJBL SO I o 2% 7 VALEAR KFERE v R
T TREFE T ARG R, B T AR RS I 1
2, JUHAR R SO I I T W B A

PLR A DYAN 43 X6] 2 T7 04T R G it ik o
5% 2 X} Seam-carving FVE B DL K b R n] RAFAIE
WATTIZEN 4, 5 3 W AR T B I8 RS X 45
(e AL AR SRS v, 26 4 g TS50
Bt R, RS AT T BJE, AR5 5 ik
ITT R4 5 RE,

2 MXAENS

2.1 Seam-carving E1§&4E

Seam-carving 577572 S. Avidan T 2007 4F4¢ Hi 1)
—ANEE TN AR B R A8 AR o 2SR A O
75T REAE ST N 85, 0k F P A SRR B IR O B A
BUEATORAF, 0 H P ARG BRI P BRI A5 BB AT
SE [ IR, AT SR BB R 4 TR D B« 1253000 1 A6 €
ST A i A R A B RS B T . K
B A FARAG 2R ORE A 1 RR K A 201D % H:

0 0
e(l)=l—I|+|—I 1
1()|8x||6y| (M

i, 1RGSR, e (1) MEER/S, RIZBG
A REE A,

Seam-carving Hy% 1 58l 15 & “Seam” I 5E - T
1 “Seam” i /& WA 2 47 5 A B2 NI e g R 4l
JR) — SRR ) B8 A0 . A T I DRZERAT I N B AN 2%
52 Wi P B DR AS ) R AR T TR AR, 0 20 A IR B 4
“Seam” L &F — AT 0 &y AU —MEE A
Tk, “Seam™ 7 IR 3 AN %A e i LL BRI R
F, XFE R LLRRAR A BR “Seam” (35 4, X &
OB N 258 B BEIR, 1745 3% RUIBEIE m] DL g o0 4
RGOS N A T A KRR BB R S
1 Seam-carving HLE I “Seam” 1

Seam-carving A L 2 (1) T H br 14 B
H A E BRI EEAE L, AR s SR E
A B IE N R ESR h B AT S A R R () d5e L “Seam”



94 Journal of Cyber Security {5 B 4244, 2018 “E 11 H, 3%, 6 M

KSEILH AR AR 4. N2 — AN Seam-
carving SEILEMG 400611, K 1 24 Seam-carving
A AR, b B RIBEIER, K&t o.

8 1% LU {9 4 I %) Seam-carving 4 A 1%, K ()l
Seam-carving B A T AR B IR AL Seam™ FE A .

(b) 2330, 8L B4R HL
Seam-carving4 il %

2

() RS

(c) Seam-carving®r 2| (1 I o Seam b it

B 1 Seam-carving #EiZE R E
Figure 1 Result of Seam-carving

Seam-carving ZL A LASEIUN BRI 48, - [R) I
) FH DA 1) i Bt m) DA Sz B0 P RO, ek Tk
BG4 A 7 2240 N 3R 184, Seam-carving J7 R H
PUNNEOEG NG AP

(1) KRB B Seam M .

(2) 1M B3R R A A 2R A B 4 N P A8 IR AR
FH. B {a,a,,a,} A2 B EBACK I =AME R,
a, IEUF 2 fe L Seam” M IR A, i NERAE SIS,
FHINAL B R FZAEAE N a),b,by,ay, Hoh

b =round {WT%} )

b, = mund{a2 ;_ e } 3)

(3) Ik “Seam” 1 I AL BRI F, T
2 “Seam” LHJEZ K AR B AR IN— Mg = B
w, {a,a,} 2 2 MHAME R, a B a, J&T“Seam”
AU GR, WAmm—MERE N {a,b,a,},
o

b =round {MTQZ} 4)

2.2 Markov 4HE
Seam-carving 5/ 23 i 13 MG AH AR5 5 2 [l 1)

FHICAE AR A8 Ak, T Markov 454 0] DUR B (1 FH sk %
INIEFNAE O . BBAR FR Z AN AH DG R A 2
J [ REA £ 52 3T 8 x 8 /3 B 1) DCT Bl (i 47 5 g
HKR, FIH Markov FRE KR AL IX LLA g 7 2 [0
(¢ Z AT LULVE A Seam-carving SLXUHIHHE -
JCRRMSEITVE AT LA A LU JLAN D B
(1) BEEEE, X R AT A R AR 4, 45 21 R K]
(19K AR o

(2) XHEE K BEAERE T 8x 8 ) DCT A2k, 13
FIFHIK ) DCT REERE

(3) ¥A2IM DCT REPUE ILNATIE, ¥
WA S (R RE B A AR R F .
(4) VIS F ZKF 5 100 R 15 1) ) ZE A R -
F,u,v)=Fu,v)-Fu+1v) ®)
Fu,v)y=Fu,v)—F(u,v+1) (6)
N T ARV S A A% o A AT — 2 b
WE—ANBA T (EE), R ZER PR IcE R
T T, WA N T, I/ -7, WK A
N =T o BN RT TAHBNT T {8 BE f7 H ] s
7N, BT LAy X SR AT I 45 R R MR N o S0 K
SEEG, T HE 4 15 LR i R

(5) XF F, F1F, 53 AR /K- J7 [n) FOEE 157 1) K%
5 20 2 o

su=2 sy

> D S(F, () =i, Fy (u+1,v) = )
Pl == s (7)
>IN S(F () =)
S (R ) =i By v+ )= )
Plv — u=l v=I (8)

su—1sv—1

IDIIGACRIED)

u=1 v=1

su—1sv—1

> S(F, (u,v) =i, F,(u+1,v)= j)
ch = — su—1sv—1 (9)

2 2 (F ) =i)

u=1 v=1

su sv=2

z Z O(F,(u,v)=i,F,(u,v+1)=j)
P2v _ u=l v=1 (10)

su sy=2

PIDICHCRIED)

u=1 v=I1
Hh, i Fje{-4,-3,-2,-1,0,1,2,3,4}, S, F1 S, %R
B ) AT BN AL 0 (x) /22— a3, S35 W
2 OIS, S(x) =1, WRHE 5 N &AL,
W §(x)=0 . @ ik LA b ok &8 oL 12— A
81x 4 =324 4 [FJRFAE i) 2




Serae 25 BN Seam-carving PR SLIIN YA IE AN Ty ik

3 NAEBEMNFFHERER

3.1 ETF Seam-carving HIE1GE X

B A R — B AR5 2 0N H 75,
MNATTAEASE 27 R AR 22 36 #06 H AR EHR I
JTH—AWE, Blanfeig it St Wit
vt LI BT EEEAT RO 3 . il
L, R M A (L 55092 DA R ST J i fl vk X e A%
S IR R A TR AR A 4 T3 G L B A AR R 1) SR BR A,
JEI R A AR LI I 480, A4 H AR EHR N A
TG o 1T — M B BT DI AR 25 5 ks H b AR G
HE DB, JCHR B AR E R A HO R,
MRATC AL T B D 7 Aok B - GO . TR
kL TR Z 3 T BB N AR EHR 4 iR, H
' Seam-carving FAAE A S P AL T — HAEAA
FTie s, JUHIEIAE Photoshop Y IKIEIKL, 1H1Fi%H
ARIE AT Z N 5.

2.1 Firh B 443 Seam-carving F A i 24 5
(D V5 H br G RE 5 20 A il € B B 2AE
TR H 2 7 J Rz 8 2 5 W B 1845 b i s AR
“Seam™ KL H A5 BRI 4T X T8 N, x N, K
NS, Hodpe i Seam” 7T LR It LL R A AR ERR:

s :miniel(l(si)) (11)
i=1
Ho, " £oR— &5 AL “Seam”, s F o Al
“Seam” G = LS.

Bt Seam™ 1) B AR - 6 0] UE ik T 6 7 ik
S o X L DL — 4641 “Seam” My i, MG AT IFUR S B
JE AT, NTREMBRESAT, 1)), LTS
REMBGEE M AT 3 MEE R -1,/ -1, -1, /) M
(G —1,j+1), BrCAnr Lo i 2 2X(5) Aff e ik Homs—
RE1S 2 5/ RE - AE 1 “Seam™.

M, j)=e(i,j)+min(M@i-1,;-1),

MGE-1,),M@G-1,j+1)) (12)
Hordr, MG, ) Rl G, ) M E“Seam” W& —4T
2 (i, j) X B “Seam” (1) S g A o« X AE, %A
YN ZAT I G Mk, i E RS AT
MG RN, 0 IR AT BB S ML ) 1B
W AR R T % 5 “Seam” It & [ G & H, & IbAT
A M@, 7) T B ME I BUE AL E G, ), RGN
(6, 7) AL T LR TE1, A7 R 33X 4% “Seam” 7E 1% AT [1)
JLE, WA T e B “Seam” s £ B “Seam” 5t 1] LA
XFeSeam”FEAT MH R 45 1 2F 1 2 20 UG IR 4 T

95

AR T LS BRo6) FH P AR B 5 N 25 80 T
RONE A R0 1 B A5 oA 25 1T AN 252 A ) A Y 75,
I R o] LSt U I B 2. 9t wf
DL Seam-carving HARIRAE B4R 45 G ke
K BT ERIBOCH P ¥a o BRI 2, 1 SR A%
G S0 H AR UG BEAT bR vRE IR OB JBOR A,
SRJERFEH T R XA Seam-carving A
X VG RBEAT AR TR, B 5 49 31— RO A2
iR KLY ONI] L

&2, Seam-carving &L BR80T A
A o KRR, 483 Seam-carving 45 B oo 11
BIRAT AT AR AT I PR ) tH ok o g A0 sl s IR )
P R — R A F AR, AH QIR 3 TR IR e
+ 4 Vi, {52 Seam-carving £ /E 1R B 2 2 3 A BT
PR 2 R ECE B A — SR = A, X BR R
SR A N B I I 0 25 DU 4 LA 0~ 3 B
M, 675 AH 4845 25 2 TR I AH OGME R AR AR 4k, )
X — s AT ASEBLXY Seam-carving 204 B 4 1) 461
Iy, 5 AR TR A 7 v o AR TR SRRy EAT TR 4N
P4
3.2 BHENEXEEM

283 Seam-carving S 4 U ) G S 2 ik
H s BRI~ FE, T8 5t “Seam” & 70 64T 1
M B Bl 4 N ERAE, P AR A “Seam™ i 3T (18 2= 2
R FRYAH OGP R A 1 AR Ak, R FH JEAH P A2 Ak mT LA
SEILX) Seam-carving 5L SO

KRG 25 Z TR A DG AT VR 2 PO v mT LR,
i anm] LR SCHER[3]7 # Markov RRE KK 7R, AT
PR SCHR[6]H 1 LBP kKR, & nT LR S
BR[7-8] 7 L ILAR B R R, X LR ORIk m] LA
AR BAI BB E Z KR T Markov
FEAE 2 N d5 ) B2 B A T BRRAE, TP R
Markov ik S e >4 3G I 22 (R AN A B i 20
FE2b K 1) 5 ik 3 T Markov Ry iE A6 0 55 K FE 5
Seam-carving 5L &4 &£ 1) 1E Ay = M, Jr LA SR
Markov $FIE4E A9 Markov REAEAE Ay Il ZrAi Y
(RVREAE, DA SR GIE W AR SCH H 1R 1 7 A 00 4 i
WOTEMA RN )RR, SMHEZ
(YRR AR SR 30 1IE % 7 V2 (R A 3k

B 2 2 i A ()P 1) Markov FFHAE ], H
b ] (a) A2 S HURFAE (1) SR 46 R, B (b) A2 B2 HXH 1)
Markov ##1E 3D K. M H AT LUAIL, $2ECE]
Markov FFAEJ3 AT AP AR 02 b, JF HIHAE
(0,0) P EIR B B KA . P AASCHEE T L 300 £ 46
(PR AEAEL R 20 BT AH 2R AH DGR AR AL



96

Journal of Cyber Security {5 R &Z4%5k, 2018 4 11 H, 53 4, H# 6

AKX B0 E 2 A AR L (5
LRy kit 0.9, 0.8, 0.7, 0.6 % Seam-carving L& @EATAMT, AHTEERWIE 3 iR

0.6

0.5+

0.4+

03r

02r

0.1

0.6

0.5+

0.4+

03F

0.2

0.1}

o (0 PR AT R AL SR I, AR A I 0T A R

(a) $EIBURFIE I L LR LR

B2 RIF\EAX(NDIZEL A Markov $F1EE

Figure 2 Markov feature map generated by formula (7)

RN — 5 - 0. 715 LA R

—o— REE G
—+ - 0.9f5 LI i B 1%
—-o-— 0.8 L B B R (%

—>— 0.6 LL BRI R 5

W

-4

3

2

-1

0

1 2 3 4

() ARG ST ERHH B Markov X LS

155\
)

—v— REUENR

—+ - 0.9 LI B {R
=& = 0. 815 LLFIEL L R 5
— % - 0. ME LIS B E B
—>— 0.6 LU AR R

17\

7/ \W
) N

i
/

X
\

-3

-2

-1

0

1 2 3 4

() RIBAF(NFLEHE Markov T R £ HFNER

(b) A (DFEI L 1 Markov#1E3DIE

0.6
—v— REWEG
—+ - 0.9fF LI R4
0.5} —-&-— 0. 8fF LI B T 1%
A\~ * otz
sl //!. {}\ —— 0.6fF LI B ik EE
i) Wy
i \y
03} i\
)
021
0.1F
0 . , , , . . .
4 -3 -2 -1 0 1 2 3 4
(b) ARIHA (LI H M Markov X LR FHE R
0.6
—v— KBRS
—+ - 0.9fF L B B
05} R\ == 0.8% Ll Bk %
W~ * —0.7fF LB B R R
oal X 066 LIS (5

03}

02}

0.1g

3 FAARBIA0)IRENZIHY Markov T X f L 451E E

AT 3 g5, nTPARIE, Z8id Seam-carving HE
ot i P45 Markov 32560 A1 2k B AE 0 A 5 R B0
R AR AR LE k2R T R W R AR Ak, JLAE

(d) BIEAZRA0)HETH i Markov F 6] 2R 411k E

Figure 3 Markov feature map on the main diagonal generated by formula (7)-(10)

(0,0) BREAS B AR BT oty L A1 B 2 28 5B B ) 3 iz 25
TR, gl B i R L Markov AL A AR AT
FEINIr L. ASCAE 2.2 328, A S fE A R



REEE S KX Seam-carving PR B ST A A I N AS I 5 7%

WP ERE T —ANBET, XN F-TEMKT TERA
BUERAT T H 75, DMK EE By Ll 30, )
FREFEBGE RN, B2 0) Seam-carving Hiitidt
(PRI Markov FFAEZM AT NS L, 75 (0,0) Bt
A7 B P o ek S, AP BIE T 0 b ()4 1k
BT o B AG 38 0, 3 agh AT 45 55 7 PR R O R 0T 28 Ay
TEP=HE T SRS, I BRAIS T 4448 Markov HF1iE
FERUTT AR B R AR (R A R

HHEfX T Seam-carving Bkl (1) 7y vk, St

97

ASHR T A BRI P G AR AR5 38 2 i) (K A A
ERNZRAT I . (R A I BT ik 4
(761 Pe S R R K QIR B 7 i A = X TR I
Bt TIRZICRIE R, ZEIORE R AL
SRR IR AR, P DAARSCR R 3.1 A5 i s i
“Seam”JE VL, P TP EB AN AN A&
IO 1R 53 BRARES, SR SIS 45 v 88 S ALLBE o5 DX Ak )
AL, R ATREMEBRE G T IUARE R, R
S 45 A AR LE A 2

(d

E 4 Seam-carving B A FHKEIBIFRM “Seam” HRICE
Figure 4 Seams created by Seam-carving algorithm

K] 4 J&t Seam-carving 5154k 2| [1“Seam”, X PU 5K
EMGE R &/ Seam-carving 5483 1 i
fLSeam™, AR Ji5 711X L8 FE 28 bR A7 B 3E AT M 55 4
NG SRR, HE TG 3, X 2“Seam” LK
g, PR K—FoXREEREAES T
Seam-carving HVEB ML (1) BT DAAESEHURFAIE 2 F 22
Jent B ARG EAT AR B, e A A A3) i EH
P BEAG 1R) fe  o
G(x,y) =G (x,»)+ G, (x,y) (13)
H, G(x,y) 2 BB, G(x,y) M
G, (x,y) A BORFRR AN B . G (x, )
MG, (x,y) AT LA LR 24 2G5

G (x,y)=1(x,y)-I(x+1y) (14)
G,(x,y)=1(x,y)-1(x,y+1) (15)
o, I(x,p) RRBEB T (x,p) oG EME. KRG
X e E A B DA 8 x 8 J BN HEAT 3 PR AL BE, 15 3
M x N ANoy8e, FIHA Q6% He ) s fE K

SEHAT— M
8
D G,a(x,y) (16)

o, E,, A% (mn) A 7> P4k 1 R = 21,
G, (%)) K (myn) DN (x, ) AR S . £F
g ENME )G, XA SR REE B E AT N B
kR, HEReEi R T
sortE = sort(E, ) a7
Hrh, sortE AR JE I RERIEFFH, sort BECA
MNBIRFIHE T A%, T i Seam-carving 7%
TR E e U “Seam ™ # A T AEARRER X 1, Fr LAAS
SCHH g B BIH sortE, #4222 2U(18) K 73 BLbrid Ay
o B BEAL BT TR X S,
E, ., <sortk, (18)
BI{H sortE; 7~ BE R IME P FIRI S | > RE S 2IMH,
o g il A X (19) KA E
i = MNP (19)



98 Journal of Cyber Security {5 B 4244, 2018 “E 11 H, 3%, 6 M

b, MN A ResFEFER S B, P oA HE X
Bk, I H Pe[0.5,0.9]. 2 ot BEBE UL X
BT Markov FRAEFEEN, 55 R e BRI R AT
HEE I FH SR ) S ALREAT 23 28U 2545 21 B Y
MM LX) Seam-carving B XS4 o

Kl 5 22 o A ARy S O VA 22X
(D EN10)HEHP) Markov F= X LR AE & . Horp P4
9 0.8. AEC TR AL G 732 R Markov F-XF
FALRFAE L, 1% 7 VAR BB RFAE 23 A B AR vk, A
A LLERE 5 H1 Markov FEX f LR HFIE S A AE
(0,0) BRI A7 & F AT B =y i B g, X FE st m LA s /N
FHIE T 97 326 3 (R RFAE AT HE BUCRFAE B 7= 2 1 52,
PR R I A RLE . 54k, BT Markov HEAET
I3 AT FEEAE L (0,0) 7 &, FrCAASCo T TR A
T AT W0 A A B HX T ¥ DA R AR G R AE B T VR A
(0,0) A7 B I RFAEAE 73 A1 Do

1R 2 R ARG 7 R B R
PERU VEFEELEI 1T (0,0) 17 B ) Markov HFEAE, B
AT LU B HT I8 AR AE 52 BT VA 3 R Ak
Sy An A, RO R AR AT S s A R,
A IR T AN [V RE R ) B o B S R R e B
7E(0,0) 7 & ¥ Markov FHAEAE 2 S -0, TH 545
Rk 3 FIE 4 FioR.

IINTEE 3 FIER 4 I 4 I, A B & N AR IR R
W7 SR U A [m] B R JE R S R BE o R A
(0,0) ] Markov FfiEAH 2= {H LU AE FH AR G 7 4 B 2
W2 E R, KA AT WHEK 0.9 4
Seam-carving 5 R B ENG 1) ZE A L AR 48 07 1
TSI SN o XU TR & AR IOT VU
FRAEAAN 73 A S AR vh, Ao 3 2R b, 1%
JNESR I B O B S R B R 22 R R, X
43 3 R AT 24

07 ) 06 K [~ xaumi
ool —+ - 0.9f% LIS B 1% A\ |~ ~ 0.9fF LB A (5
: —e-— 0 8fu L R 0.5} IR\ —-©-= 0.8 LI ZL B IR
BN — % - 0.7 LR R % W = % = 0.74% LB R %
0.5 it N —<— 0.6 L1 B o4 | —>— 0.6f% LI RIS

0.4

03r

02+

0.1} =%

03Fr

O—4 3 2 0 1 2 3 4 B S 0 1 2 3 4
(a) 8T 38 I AR SR IO TR T A 20 (7) 3B (b) 1] H B AR BT A A X ()R
Markov 32X} F R 1 R Markov 3% F ZEREAIE F]
0.6 0.7
—v— REU G —v— REYEZ
—+ = 0.905 LIk E R 0.6 —+ = 0.9f5 LSk F (%
0.5} e\ —-e-— 0.8t Lm0 = O = 0.8 LI A&
o — % — 0715 LIS B R 4 A — % — 0. TME LB I (5
04l ——0.605 LIk EE| 0.5 i\ —>— 0.6f LU BB S RIR

0.4 r

03Fr

02r

0.1%

4 3 2 a0 1 2 3 4
(c) 1 H & B ISR BT R A K (9) 3R I
Markov =X} i 2R RHAE

.
(d) 1T A 38 B R AE S B FA AT 200 (10)H2 8L
Markov = %} 2R RHAIE E

5 (£ BEMENHERTER R AR ()2 (10)3R A Markov E 3 £ £ {E
Figure 5 Markov feature map on the main diagonal generated by formula (7)-(10) using the content adaptive
method
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Table 1 Markov matrix value at (0,0) using the tradi-
tional method

B )
T & AEHEE 09 0.8 0.7 0.6
AN
NA(T) 0.5621 0.5253  0.4967 0.4685 0.4368
AR(B) 0.5115  0.4755 0.4490 0.4254 0.3976
AR9) 0.5090  0.4730 0.4452 0.4203 0.3935
A5 (10) 0.5669 0.5320 0.5037 0.4756 0.4502

7 2 EH BEMFHEREN T AR ELAY(0,0) i B /Y
Markov $5{E{E
Table 2 Markov matrix value at (0,0) using the con-
tent adaptive method

Rl )
AR & RELEBE 09 0.8 0.7 0.6
AN
AR 0.6442  0.6096 0.5782 0.5468 0.5104
AR(O®) 0.5923  0.5551 0.5266 0.4980 0.4647
ARO) 0.5926  0.5554 0.5267 0.4967 0.4677
A 5(10) 0.6443 0.6089 0.5763 0.5424 0.5125

*3 BHEAERBNARENEEERGSRENE
R 7E£(0,0):L & BY Markov 45EEEEFE
Table 3 The difference between Markov matrix value
at (0,0) using the traditional method before and after
the image is tamperd
ERGdl

AR 0.8 0.7 0.6
AR 0.0368  0.0654  0.0936  0.1253
AA(8) 0.0360  0.0625  0.0861  0.1139
2A(9) 0.0360  0.0638  0.0887  0.1155
A (10) 0.0349 00632  0.0913  0.1167

x4 BHENFERIEAEZRIBARENEZERG
5XREWMEETE0,0)iE H Markov $5E{EZEE
Table 4 The difference between Markov matrix value
at (0,0) using the content adaptive method before and
after the image is tamperd
ERGdl

AR 0.8 0.7 0.6
NR(T) 0.0346  0.0660  0.0974  0.1338
A (B) 0.0372  0.0657  0.0943  0.1276
ARO) 0.0372  0.0659  0.0959  0.1249
A3X(10) 0.0354  0.0680  0.1019  0.1318
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Figure 7 The flow diagram of the proposed method

% 5 TIF Seam-carving Z L BG4 N EfA KL R
Table 5 The detection accuracy of Seam-carving tam-
pering images

CTZ T
PAIEER AP G 0.9 0.8 0.7 0.6
GR. sheng 67.85%  64.28% 85.71% 83.93% 87.50%
0.9 67.85%  78.57% 89.29% 85.71% 87.50%
0.8 69.64%  76.78% 87.50% 89.29% 91.07%
0.7 71.42%  78.57% 94.64% 85.71% 89.29%

(#F: GR. sheng 3L TP & Markov FFAE RN 45 5, HA 0 H
T G U A I B H 5 ¥ S [R] R A PR 45 SR, SR 5 R0
NRGESTE Q)

6 AXEZES GR.sheng BRI ELEER
Table 6 The comparison between the proposed
method and G.R. sheng’s method

S L) !
. RELEBE 09 0.8 0.7 0.6
Hik
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