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Detecting Asymmetric Cropping Based on Camera Calibration
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Abstract: A new forensics method is proposed to detect asymmetric cropping. According to the method, the
inconsistency of the principal point is used as evidence of cropping, and the camera calibration method is
introduced to estimate the principal point. The camera calibration model is improved to meet the requirements of
image forensics, in the new model, the target objects are selected from those regular figures on different planes, so
the principal point coordinate can be estimated from a single image without modeling and measuring the target

objects. Experiments show that the proposed method can identify asymmetric cropping of the image effectively.

Vol.34No.10
Oct. 2012

Key words: Image processing; Asymmetric cropping; Image integrity; Blind forensics; Camera calibration

1 31§

Bifi A5 B AR AL R S LA 7 G Ak B AR A1)
RINAL, B R RS R B ST I HEr G %2, XAl
G I A ™ B R E A ENL.. B RBE
o TR, (RIS HE Loy, ST RE S ™ E ) £
TR, DR 50 200 B B SO JBE 52 AR A T
A HAT, B MR EGIE BRI 5T 32 Ei A
L0 B FL S A HGIE Ty 1T, H A B AR 58 3 (R HUIE
P ARG 5 PG A2 - s S X O, AR 24 LR B 4
ERE IR B ARAKR R, DL G 608 PRRAE,
FORFEURRE, B O EGIREPRRE, JPEG EGE
RO ST MR E R AR R . HAT, EFr L
RbF- A5G R E I BA IEAEHE BN 2 T4 K 5 “ i
(B G RIEIAET G FA Bt TRl HEWTS, ST 5
SCAHA A B A s VA T RS o AR T A B
YE G B atk, stk HOR (s Bl SRR
Bz —, BFEG s EERN %2 B 6 1

2012-03-29 W F, 2012-06-20 &/ml
5 A SRR EE 4 (61070207) % B
SEfEEE: 2% szniu@bupt.edu.cn

Mo BSOS DL B s i, X BRI
Wr BB, NS T 2 BB S, (H2
ROPP L AR, DU B 4 P T B R 2 X £ S R s

W, BERAERERIREOLN, R B BALIEAN K 1A
5

Xof G Rk B B K2 0T P 5 6 3 1) e L AR
F-B, A PRAER SCERR A, H AT EGIE 77k
rhth A S A 0 R M AR IR B P R BT B,
WMIMATE X Z E JPEG R8I AL, 24450
PR B4R T 2 JPEG L4 HZ2 X JPEG 4
(1) DCT Z¥e AT S, ta] DL e R £
T2 JPEG [&4i, HTAEE JPEG H4i 5 AT
FNEOL, T AT EAIE I R 2 i sy ek, (1
FEAZITEAT 2k JPEG JE4i1) DCT /AR EE
ARG I HZE T BURRAE R R, Rk
FE 45 B o R v T ORI, RS vt 4k
s SO B T A AL R S S TR AR AL R R AIE H:
AR, 2R8I B G RN 5 2 56 . R AR AL 75 3 AN T
B, I H o AHAURRAE A1 (W5 338 50 B2k (1) 4
N, AL R D) TAB R, HR A
AE - 2 405 UG N A H U R A o, I HL



2410 BT 516G 8 %R

% 34 %

FRF —EEmM BT ZR. IX S5 AR
S MI2AF T e NN T FRE MG & 00 T 88y 4545,
ERAF VS LR EcE B, ek i BT M, I
DL, X SEETVEANRERR 2 A 25 3 B B ek I v

AR SCPE I BT S T U SO LA A 1R A 0 4
K, B GRS RERN R, B L T E LA
BORFE,  FRATIIA A A 1 G R i N R Gt B
o, DRI AR B T AHPLR oA, iR I S A
BN S ECE SR EAE - EWER, X
— 2= 5T LA MR 2 D BT Ak B, FRAT T
7 B AN [) 1 1T B 0 P T A o S T 3 AR
bR, 43 SARPR R G L, BT REL )
TAETE.

TEER 2 747, BATERI A HAHNUSUG B 76
53N, KA AR IR R 7 Vo G AT BY
R ) SRR FESE 4 1, B SEIRHTE AN S
FME; 565 NG WG,

2 BHEIR

— % B BURS AH AL 2 BACOD A% I 28 4y IO e
(1), PRI T BRG0P
MUY IR — AN SE AR R gl A At FLAR Y, LAY
A LABAE — > N34k R X 7% ) 21 2 24 Wk X % a) 1 e
I WA e N AT R SYE R T AR b Rl it —
TR A8 WA A 5 20 4 381 DA ATL R JiR R 1) 34 AH ML AR
brF, P& —IREGEAH . PR NSLEAHHLAL bR R
A 2 24 G AR RIFTE RCES, A B =X (1)
R

z=M\KX, = \KRX,,

a v ou
K=|0 0 v
0 0 1

Hrh o224 KB AR R R TP s ARG S Z1
5 KARZR3X W L SE R R, K AR BL N B2
5, (uv) RAENLE R ARKR 6 T IE R B, 32 RiAk b
A EUR AL AEAR) s o FI B 53 iR AHMLAE B 15 A
bRy ) LRI SEL, R ARARNLCCD
Xf I ER AR BR (1) B R FE I S50 X ARR3YEAR AL
ARG RARR < AR WA AR He ki b, R IY
WARNIMB S H: X AR S AR R 2 P B A
HT TR, AEEAT N Y SR, A ARk
I3 AR AR 28 AL T [R] P T i, XA Y AT
DAk — A 74, AHBLIR AN 508 FE R AT DA% R 3% 3

b, JFHA
r = AKX, = \KRX,, = HX,, (2)

(1)

Hp Ho4 3 x 3 BBy visife, 2 fa ekt & —4
R R
3 BRI

H1 T H AT IR HCT B RS B A T R
PR AL EWs, BT LB G i) i 2 o
FHRLGERAE . 5 RO ARHL A B2 K0 FE Ak
RV IE AN EE LR, EAY
HUE XA E ML 5B ML I A A8 s, A —
IR B AR T, J2 AL Y % S R R O

I
=

ARSI SRR A 4 T AR 5 P B0
IR, SEBUR ERBEAT BT RN . W 1 BT,
PR BT T 5 5 R AR bR b 5 -2 TR R AT O 3 O
FEAAZ, —ME e B R T R ARARAE BRI T X

SBAEIEE,  vi k B 1 P R S T e 25 B 4R 1
DI

-

1 G 5 ERRR

H AT A% TF A AR — S A B AR B LR € 11 5
2, SCRR[11]3R Y T 23 TR BALE A bR E BoR 2
Ja, APURE R A AT e, B NEEE R
PR PRI AR AR S L SE B JOST (BEE AR ST ), AR
T (2) At v B N I, A B A 2 B A K
XL ARG AL S HON B R IEASPE LR 4%
fF, lEE Al v T RARAR

SCHR[L2PRAAHBURS € 175 I T R BGIE, Jf
25 5 BRI RS 10, AARPUAR EHEAT T ok, 2
H T IR AG T AR bR SEEL R rh I DR U
R, FARHUAR RE A A S 5 SR [ 1] PR 5922
L, SO

XA AR AR (IR 3745 ) R,
MR A B B B AR E Y, $RI T AR LR 2
WOZFUS A 58 IEAT S RS IR (R BRI 53 A STk
(122K T 3 i K (EM)IEAR I T E, BRAK T By
PR P IR s I BOAN T RSP 28 22 5

SPABLIR RN 4k, 385 SR AL AR A2 5L
FRE s S I B P 4B0xT B R AR BRI A T, AR



10 #

5y e A
T ET %

: FETAIHURR E A AR FR sk B A vk 2411

B S T AR, H2 X — 22 hnid & R
ko
3.1 Ry £ S AR T AR
SCHR [11] 3 20 A BLRR € J7 V2 SR RERE R
M THAHNLN S 25, o SRR A S AR E R
(SAHA A, (AN A 75 2 22 R AN [ AR B 4 ek i ]
B, X T EMB IR AR & ok SEIRI DR
KA SCHR [12]) 8 73, R 32 s A o 7 Vb A T 13
1o
MG (1) PTEURIL, WS EUERE T — 30475
MEESH, T AT ERANIN S, Ko F 3
I AHSE, IF By BUE T L0, B4 G K
(15N ZHU D 234, BRI K] LLRIR A
a 0 u
K=|0 a v
0 0 1

L H=[hy, hy, hy), R=[ry, 15,1], IR (2)TLAF
INHA
a 0 wu
[hl,h?,h3}:)\ 0 a v {7’1,7“2,7&] (3)
0 0 1

MR8 SCHR[LL) AT %0, b T4 T e g A W 44
BrlE, LU n'n =0, |n|=|n|, KHitf
bW K"K ™'hy =0 (4)
WK 'K'h =h K "K'h (5)
bR EWE Z G, nT DUE B SCER 11y
%, R RN HE SR, rRAX(4), X(5) ik
A a, v, vIARIME =0 Wk IRE, b E A
— 21 LR RO B N RS, BT =00 R
TR, A I LIRS IE TEIERT T R KA1
SCHER[12]42 tH I 7 VA ECE KA 3 s ARBRA A,
5 ZEE 24, IXFEACE AR REE 453 21 3 iAL
B, HEIEBRAHNL R /RS R HE R C
Hl, XELPOE T OTVEAE R E AL, R 7
VR E G . 2 A DURR & J7 IR AR i 0] IS
e T4 2 AR R SE U AR AR BHREGIE R,
H T AR AR A R AR LA S8 (0 FoAth e, P DA SR IE
ok — R G e B ABAR A T, AR R A AT
ED IR ) L, S I e G A T s AR BRI,
AT AE S g B R b e i, TR g ik
WZ AAILM bR Wy, 8 R B 1) 2 4 bs
FE PSR F s ARBR A T
W i AUA AT %, 1w —dbrEYG, WL
3B A0 N N H R, JF Rl (1), X (5)

FEEWAN K T a, u, oA 47— IR E B
HOEE ) A — AR e P, AT DAA B AN LR 4
f, FPNAL R AR LNETCOC, BLRE LN 3 SR
PR TE o FE5E R UEH, HIEE 241 bR 2 )
1AM e A I, PHARKAL T K.

AR AR AT A, AR R I 2 12 S K )
PR A FAR bR R AR B AN bR &R, X — R —
ANRIARAR G, 3X A 40 e N AT GO R gt 2 (1)
P AIHLANE A BE R, PR A AR E AL, d
PR bR 2 D0 N IR AR B B 43 9 o RV R, Tj—
EHRY, ROAHKMY, 4RYV=R, R®, R JJ—HI
AR R

WHY, H?h o1 G b w9 4 b 2 043 21 1) 5N
FEFE, FARIENX(2) H = KR, w41 HY =)\
KRY, HY = \@KR? , N HY=x R H?, Hx
MR, BT RY, RYAMIE, WHY, HYA
FHZ

Fid HO—0, 0], B =)
TR AR (), X(5),

hl(l)TKfTK—lhél) -0 (6)
hl(l)TK—TK—lhl(l) _ hz(l)TK—TK—lhél) (7)
h,1(2>1K7TK71h2(2) — 0 <8>
h1(2)TK—TK—1h1(2) _ h,f)TK‘TK‘lh,éz) (9)

t 1 HY, HYAE, P A4 2R e A
FHOGIR, T8I 3X A2 A S Aol B AT 21 3 fUARAR IR Al
it
3.2 DAL AR RE ) A A% BRAR T

SCER[12] B T AR EA T A1 g, S
T AN S AR E T N E G TR e, X
HEOECT UG EIF 2 AR 3 21 o BRSOk [12] 18 5
AT A EER AR E AT S el &, R A
EPIE AR, SERUE BZ A IE A, L
LB B RNIE A BRG], X LE PRI 73 25 AR
o (R EUIE J7 YA e BB 52 1) T Rl

FEASVF 2 SARBR I R R, SRR A A ) S B
FSFN T S e G b AL bR ZEAT L, A
ARG VSN R H, A5 20N B2 5, P4 AT
WA S B BE 1 IEAS KRR RS R R —4
JrAEdl, X AN 8 R LA K (4) R (5), Tk
AVARCIN, BRI B v 285 (R s o ) 381 PR ) A 4 R
FERGHRIS T B AU T B e 2 1 % e 22K
H O AE T E 0T ARAR AT, AU R PG (1) 34k 4t
AR, PrUATEHEAT 2 UG TR, bRE AR ]
FERAT IR TE, IR B R E bR S
AT BN bR P S b RST AT I, R 2



2412 BF5HE 8 %M 34 %%
AN AR FRBI AT KT ETE o 43 % U R G Al AR SO 5%, wl

T AEAR A R A R EE A AR X AR 4R, DAL
FEARE VIR, BATR] LLERRNE T . FEASC
T, BRI E A0, HARTL B A
ST (e B0, TR I 52 R R s,
AV FR & AR S 095E . B 2(a) s BB B B A
AN BB AR S, FATT AT LA 245 2
2(b) BT 7% RS bR &5 B R T RROAS, IR BL O 2
W, SR e Rt AT I &, RATH F 2 2
SEIHEAT R, R — A IR AR B A DAy SE B A AR A,
SREAT 2 R 2 B 5 S o PR R N o AR 22— A
R, AR R XN R LA RRR
SRS I H DL AR € 7 vt ST S 4 1 5 W A
B, A A 1A B R - S B PR B N B AN AT AE
—AMEEUZE .

() B o5 4o (b)brioi 214

K2 G I E

T L XA URR e SR AT el AT TRE S L
PR R SE BN B S ABAR AL TE, 1% R I
R A A B A A5 AN B AN DL B b 5
Yy, S B RS Pk BT 3k SIS A B S e T
o
4 FTIWHER

BATH— & JEFED5100AHHLHA 5% T —41(2005K)
AL S HO E T gk G, Fair B a S TEN
FHINEZ R, BREG T EE A L TER

1.0

-1.0 —0.5 o 0.5 1.0

RE B A SCEE S IR AR 32 s AR bRAl TE 45
BNV ARARIEAT IH— AR R )5, n] LAAS B 3 45
I

Kl 3(a) BT i il A SCRk[12] H 3 ) STV AE
TEE AT, it NHRAS 201 3 s AR 73 A 15 s
Bl 3(b)H T s 1 49 AR SCARE VA 3k P AN B 72 P75
B ST . PIIRERARLL 0.2 1R, 1
SE T F NI R X, e LA,
ASCHE IR SV A3 20 1 32 5 AR S I 20

N T AR A S AR AN R R BT LA TR R
B, BATIERCT LB FEA A 500 AT A, I
Hor EHMGIEAT IR L B, DR SRR 16K v Ll
BT L A9 2 B 7E 5% 21 50 % (3 5 LE 451 BRI 3 8T e 11 45
FILL), FANA T IR A Rk, BATFIN
— 21588 5 EGOR/INHIE  1E AR AEXT L, A
ARSI FEARBATR I, 132) T RIUFREE R

WIS R LA, A BE A EHE 5 100545
N, 3BT L 15% I, A SCHE R B ) R
TR AR Ry, ARLAE B (R A AR AR E — AN XS = 1
K, MEBTEEE B]50% 0, 15 10% 1A %,
SVEAE0.05 BRI, Al 2R 358 ey (EL A 2 B 3 ey
L 5 AN BEAR s > AR A G 96 B2 190,105 1
AT 4 B EE A B o 20% (1) 368 BT FLAT B 4 (A
M2, R A SO AR R A B 4%, BT LS
VEAEO. 10 BB I AT H 5 AR R RS I 25 R s 24
hy PG 55 55 140 15 F110. 200, AN SCAR- 0 468 B 1 R At
FEARHI 2 R L8 2y ik 25 % F30 %6 I, B
VEA R DN B BT REAT R, ELAR AR 3K P A
AR AR A0, AE A I R ABRE TV A S B T
Ko BT UAANIE B sEbar il 2ok o 25 b, FRATTERR0.10
A g AR ARG D ) 2

Kl4(a), 4(b)Fra X EHE i mlE, El4(c)
N4 (a) BT, BRIEH &8 24, El4(c)

1.0

I A e
(b)A S s i R

K3 EriaAiE



510 TR S THIBUR S (0-AE X R BB R 3% 2413
* 1 FERAETORNER
- B
iéz;(-&;f;ﬁ% 0.05 0.10 0.15 0.20
RIE%)  BRR%) RWER%) R RIE%) WRREG%)  RIUR%)  wRE%)

5 56 42 22 8 4 0 0 0

10 78 40 30 4 12 0 4 0
15 90 40 54 4 28 0 10 0
20 98 40 84 4 52 0 24 0
25 100 34 98 2 84 0 46 0
30 100 34 100 2 96 0 82 0
35 100 22 100 0 100 0 96 0
40 100 18 100 0 100 0 100 0
45 100 14 100 0 100 0 100 0
50 100 10 100 0 100 0 100 0

(b)l ik 1 % b

() B0 P (501 3 0 1

4 SEEENER P 1 5

X EUGAT T8 RiEse ;s B 4(d) WK B 4(b)
SR S EE e S QI TS| e gV L
L. B 4(c), 4(d)H B S AT A B R B A S
WS ST A R 2 AR BRI, AT RAE
PR O O B, P 4(d) B AR S 2 2
BIG 2 46, WPEASCE:, WiE e e T
BB
5 HERIE

ASCHEH T PTG () FE 5 FR R BY
Rl ik, Jii A BhARN RS E AR, TR T
ARFR o DA T AHM AR 2 (0 BIE T ¥ 15 B L SE )
PRIEAT AR, (RIS X AR ML — 8 2R, FRATTIE
ot bR e AL, LEANK AL T 2 A BB 4 A
N, SEBLT R R RS AT R, AR e I
W R ARTE R BR T Al AR S R, e & 1E
PR N B, AF A SCH SR Y SE )32 .
SCG R, FEOE T 20% K AER AR ET . EE

ORI DB By e e e 11 26 BT R A A AR

KR . AESER R P JATAIL, ARG

SRR, RIOR B 80 D I B B SR B oy I, A

SR SR AN AT RO AT, 554k, K

B2 JPEG JE4i )™ B m KGRI, A

FERANERE N, XL IRA 5 BRI ST T 1] o
2 % x w

[1]  Amerini I, Ballan L, Caldelli R, et al.. A SIFT-based forensic
method for copy-move attack detection and transformation
recovery[J]. IEEE Transactions on Information Forensics
and Security, 2011, 6(3): 1099-1110.

[2] Chen Y and Wang Y. Exposing digital forgeries by detecting
traces of smoothing [C]. The 9th International Conference for
Young Computer Scientists, Hunan, China, 2008: 1440-1445.

8] Kee E and Farid H. Exposing digital forgeries from 3-D
lighting  environments[C]. ~Workshop on Information
Forensics and Security, Seattle, WA, 2010: 1-6.

[4]  Popescu A C and Farid H. Exposing digital forgeries by
detecting traces of re-sampling[J]. IEEE Transactions on
Signal Processing, 2005, 53(2): 758-767.

[5]  Popescu A C and Farid H. Exposing digital forgeries in color
filter array interpolated images [J]. IEEE Transactions on
Signal Process, 2005, 53(10): 3948-3959.

[6) Huang F, Huang J, and Yun Q. Detecting double JPEG
compression with the same quantization matrix[J]. IEEE
Transactions on Information Forensics and Security, 2010,
5(4): 848-856.

[7]  Fridrich J and Goljan M. Identifying images corrected for lens
distortion using sensor fingerprints [C]. Proceedings of SPIE,
Electronic Imaging, Media Watermarking, Security, and
Forensics XIV, San Francisco, CA, January 2012: 22-26.

[8]  Fridrich J and Goljan M. Determining approximate age of
digital images using sensor defects[C]. Proceedings of SPIE,



2414

LI I IS S i

34 %

(9]

(10]

(11]

(12]

(13]

(14]

Electronic Imaging, Media Watermarking, Security, and
Forensics XIII, San Francisco, CA, January 2011: 23-26.

Kee E, Johnson M K,
authentication from JPEG headers[J]. IEEE Transactions on

and Farid H. Digital image
Information Forensics and Security, 2011, 6(3): 1066-1075.
Hartley R, Zisserman A, Torr P H S, et al.. Multiple View
Geometry in Computer Vision[M]. Robotica, Cambridge
Univ Press, 2005: 153-176.

Zhang Z. A flexible new technique for camera calibration[J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2000, 22(11): 1330-1334.

Johnson M and Farid H. Detecting photographic composites
of people[C]. 6th
Watermarking, Guangzhou, China, 2007(5041): 19-33.

International Workshop on Digital
Huo J, Yang W, and Yang M. A self-calibration technique
based on the geometry property of the vanish point[J]. Acta
Optica Sinca, 2010, 30(2): 465-472.

Liu G, Wang W, Yuan J, et al.. A novel camera calibration

method of variable focal length based on single-view[C].
International Symposium on Electronic Commerce and

Security, Xi’an, China, 2009(2): 125-128.

[15] HuJ, Li Y, Niu S, et al.. Exposing digital image forgeries by
detecting inconsistencies in principal point [C]. IEEE the
International Conference on Computer Science and Service
System, Nanjing, China June 27-29, 2011.
(16] /NG, ZEM, AR, AR SETABURRE I S0 ARG S
HGE[T]. AERUIB LR AR, 2012, (B3R, FEAR).
WP Y, 1985 A, LA, BEROT RN A FUREGE . 5
B, fFE%E

B 3, 1963 A, B, BRI, BT R B
L E R, BT EBHGE.

SN A, 1989 4R, WA, WEFTT N ECT BB IGIE . B
537 RE R

it A, 1973 A, BIBER, WSS RO TN . 4R

SRR BT EBIIE.



