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Abstract

Because of the fast development of digital
processing techniques, it is convenient to
modify and reproduce a digital content. As a
result, many controversies over ownership and
copyrights have arisen. In recent years, many
watermarking schemes regarding the copyright
issue have been proposed. However, there exist
many attacks trying to break or remove the

embedded  watermark. Therefore, the
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embedded watermark should be robust against
all kinds of attacks. Among various attacks, the
print-and-scan (PS) attack is a challenging one
because it not only alters the pixel values but
also changes the positions of the original pixels.
Most of the modern watermarking systems
would fail under such an attack. In this paper,
we propose a watermarking system operating
in the discrete cosine transform (DCT) domain.
Integrating the three components (Red, Green,
and Blue) of a color image, the proposed
system exhibits superior robustness over
different attacks, including the PS attack.
According to the simulation results, the system
maintains an acceptable image quality while
providing outstanding robustness against the

PS attack.

Keywords: digital watermarking,
print-and-scan attack, discrete cosine transform,

BCH Code.

SEEF B IERRKAE 7 HinAp
FEARMEY 2 Tl 2 o finiF
’k@ﬁﬁ%ﬁwwiﬁyzggﬁgﬁﬂ,ﬁ
TR N IEFARM AL o F] 5 i

?¥%¥@ﬁ‘wﬂ\@u~®%mﬁﬁ,
TR R LR A SR ST R
S O A B SR Sl
RITEF i F g 2 50 2 i HAER
R e B HEMARDEER ST ST -



L F B AT o BB oK B B
I T T o ST AR
PR SR EP Rk G A
Moo m FICERBTE KB Pt & R
RIEER PR R 2 T oo R
ensc# > F s o B A eHFh
(Print-and-scan, PS)sc % & _4p § £ 7 W
Moo HygHiseng pd WikE mligec o 4
REGETE G RE > S F ke
RS 3PS FIEE S 4 Y
TS gk
(1) H#-zra» g ke g ift 5% BCH

Code w455 & Yt > T2 § IZ\E,‘
DR T F e TR RE R D
ZLF M o
(2) H#rc# P ik 7 F & # 4% (Hough
Transform) 4 | ¥73% 5% B2 4§ 4_F &7 &
L

ﬁﬁﬁi@%ﬁ?%ﬁ{ﬁ’f PR

B3 ciLgn:] &.fj{#d&— M FEB-d o

A2 2 m #«&r"‘:“: W REITE 24P
B2 peori 2 LB F 2 Sop it
RO E o S SRS HREED
HAPM B TR AT 0 BRSNS T
o

2. % JriFH

R RS R G T S - Mgl ¥
B R F A PS ST iR B B
iv/}%'}—‘}'}éﬁakm/\ B T AT e
hth v MR LR WG RS 4 D FTehfE
PES TSI [ s fw\ﬂ% B 2 A 5 R
Bha Bg DB e R s Rk
EPpje o gl o F IR S B RIS L A4
Boifeo §ouPr R gy Pt 2 AR
q‘/i)x;}j;,{dfra A s BAF k= Rd 27k
AR A S g n A ke

21 5 ﬁ*’:‘;&?fﬁ;ﬁﬁﬁé@

PRt o@rrafhat §EFRE
%E%“*ﬁw% A i [12][3] » it
Mg R GF R aRLEA T T A HE
gt = BRI e
211 kB EL B

2 SRR R L R Sk 5y
W R R Ard RYRE G TR Shi ¥ F H[1]
#HE R A TR RIER R T
Foe > BERFRLINEFHE > WA KR
R 3 e RN A F S S K
TE o 4o 1 AT o B BB AL 45 PS s
RN 2 R | Ul = e
212 S 4 B

Pl gErerfcFmie > ¥ Fla X i
Tk A 4 e s A R R B i

Joo R ik B T SR A
%o @S BEBF R REER F 4Rtk
Ep 2 n A4

Original Image Histogram

Nurber of Gay Level

o 50 100 150 200 250
gray level
(@)
Scanned Image Histogram
600
500

Nurber of Gay Level
g
=]

200
100
[s] 3
] 50 100 150 200 250
gray level

Fll@k42>H; (D)FerFRiSE S B



2.2 FAyLI| B dy ek AR B 2

Shi % & % [4]%-F > B 3 4p % ] o
FH. A ui (7 DCT f4% > £ E P& R Heh
PO B Rk et R e kB gt s
PR TR Rl S AP BB
ﬁ%»oﬂ%’ﬁﬂ”wml’W%%F@
e AR E G F 2 Pl#eTF il d B
Boo gt riEd TG e Bk
R R T kR
FERTIE P @3 TR 3% 2 e m il
AR R et ] B ke

Hefg Thigeet B PELRE RS F (R
b el f g ot )I*'a'“ R L WA
@%ﬁ&%%&%wﬁmﬁ??ﬁ°ﬂ“’

PR R e R ok B ( Informed

ETI

~;=t

watermarking system ) s @ /—ﬁuﬁ # mF—] -k
£ % %u ( Blind watermarking system ) » Jin %
FH [SI#R o7 2+ B2 v DCT #
oD GHE AP EL P Rl £
SR ER R IY SR S TN
Eroo SR g kT B s S FLa g
W& o Tang *FH[6]%-R 7T = 7 B %
B ¥ DCT ## > £ ¥R niziep B0
AR I ARE PR v f;vxj,l‘zg'ﬁ »
R E o gt 3 BA] 7 e 2 R BT BT
GEcPELIER LA o BB AR - Bt B
oo 7R piIIE AR L 0k 7 4
* i 35 JPEG 2 B R Gk & 5 i
27 B o Cheng 33§ (718 B.5d 5|0
fa (8 0B Th e T izhg_f&J 3B A
SHA T Al ~1 B o Ligd sl f #E
B R E s s i Rl A PR
& B g £ R (Just Noticeable Distance,
IND) o8- s g & 2R o b gt~ 2
%iéﬁﬁ@%%%%ﬁb%ﬁ%@@
R O TN A
% o Tang 3&3‘?—?5[8]’5’ ;g],\%f'ng\ml

ena i B B Gl

PORH AR Er o R 0 R g
FH DGdE > RPN NS TI5E
B O UBEBMLIEORERE o LI EAR
W [7] t i) P B0 = < 2 5ok Er R g

ESR e

A2 ok dens 2 B A DCT ##%
IHFB OB TS UFE A > T By
B2 TR g T sy Ll
*ITHF o BA P AT IHL PS s ¥

REBRNERZ PRT M AR AP
%?mv»ua%$Am+ EETEE Y
e ts o

4

3.1 F-keErd M AR

orFR B AR A @] 2 9 0 Rl P
- % MxM 5 RGB 44¢ Fif > Bodiizd
$ N FEIHEF o 2T B RRE

>0 AR RFEAER T P E S
FAE 0 Z BAEF B G A iR 4 o Blde
@ % PS iR .i:é' AR i g H o
5 @A ke [6]5 X 3] JPEG B A5~ 7
e B TP % ﬁﬁ% gt g H B S
AR ke [9]5 @ B AR A R E A AR
AT Jcm%nhgnx SR [10]emd >
%%:«4[5&&!;,,},\??%?0

= i@ﬁg?}{ L wlptr B 2 32%x32 2. %
.o 2 {8 & p it FDCT #4# ; F p* >
MX M ;5K & ¢ * Arnold 4%3%[11][12] ,
Bpehj - o - ERRPFNIZS gl &
BieBitft 2 R 4% 2PURPFEE- B

¥ N ES ’I’Iﬁ"ﬁ‘%’léiﬂa}x ok B e

Bl 7 Reg2imhizs &
k) e



JF46
B

FDCT FDCT

63 [
P [

63 Il
H5E [l
it 4

%ﬁEﬂ ot [ = |t

63 {lil

«— | 1RE

2.4%

»EoRE 2GR AR R

BEED L RBER 63 B¢ A hkkir
gﬁ%ﬁﬂﬁéf%oﬁ'}\)\%;&gp—r:

P
‘:,EAVVIZI:

dct _blockR,
dct _blockG, ,

dct _blockB, ,
%AVV| :O :

dct _blockR,
dct _blockG, ,

dct _blockB, ,

, =dct_blockR, , +a

, =dct_blockR, , —

=dct _blockG, , +a

=dct _blockB, , +«

=dct _blockG, , -

=dct _blockB, , —

He o> w ERpLF-krar iR aff

32 FkEBdiinsg
AR Er 2 B GRARACR] 3 TR o BT
ke FE WA R RE A
FAPRE L EFFRE R e AR SE
S et AL EARY o F f FlR A ST
FRA %ii%éf@;ﬁﬂ}%@% R R L
5 - '%?4$m§%$%@@e
pixels) > # =x ‘f'] * F % #& 3% (Hough transform)
ORI L B AGE R e Bk e
FPechbs (e 2 o chds (TR > H-B fe
DRI Nid B I
r S g gy s B [ B2 B
S RS -
3
s A\ 7F7KEl]
e

b

SAIRIE

FDCT FDCT FDCT

v v
63 1l || 63 || 631F ("Decode )
b | g || AR | ——{ BCH
HEL| | {48 55 (16,63)

Bl 3.5 B iR B2 i A2
2 132" FDCT #E#% ¥ d & B % H 4 4
Bl 63 1B ¢ AE el 1 ()N T E Sk
EwW={wli=12,---16128} - 2 (s L & {7



((dct _blockR x y)+ (dct _blockG x $) + (dct _
((dct _blockR x )+ (dct _blockG x $) + (dct _
y+9%+p=1

BCH j##% 5 £ 2 Armold fF3p > %5
Amold # 5+ £ F 120 F 1R ke 4
B - R gy T B R Rk
ﬁr’ o

3.3 FokeErredi2 KM

*#% 2 129 NCC (Normalized Cross
Correlation » F_& 40(2)3%) &k 2| #7811 2_ 57k
B o ek NCC + 05 B MiEE -
Rl& T B2 ke s ﬂ*‘u{u}i&*‘?@ﬁe
g5 KB > NCC=1 & F-ker= 2B 0 &
Fooa P W R ek e iR B W EE
Bl kgokEratE o 1B jAYAREE

PR Y o
sz:WijW{j
. 2.2 (W)’ @
]

¥ eh[6][8] R E_r1 &5 3 (error rate) E
(&A-(3)5Y > M S F-REr < ] )R g
$&Wﬁ@$%#§4ﬁ%$&w@ﬁ$
o ¥ EmEmot 10% Bl 47 gkE A
B o

4 BERLE

B PR Ao 40 B 4) 5 RR
oo Ao 5 512x512 eh95 ¢ Biiges 4(b) % i
REPR oo Al 5 64x64 tho it Fif
21 A8 g g R 2 TERIE
& 'ﬁ”ﬁk%% v =108 i TEEH
B F]E_PSNR 41T 40 B > 4 ehpt P2 {iitg
ARG B R 0 @ R g 5 R
g ke {4ty o %2 5 Fuji
Xerox DocuCentre Color a450 3 #+&° % 4% »

blockBx £))>0 :w/=1,
blockBx £))<0 :w/=0, (1)

% Epson AcuLaser MX14 4f & 2 3 $5 #
e 2k a =102 BB A B A 5 (O
F 1349 R 5 600dpi)B~ 12 & & o

|\

I\
Lena Peppers Tiffany

(a) R 4o B e

(b) ik & W
B4 7% 4

% 1.7 Ff'q,\ » 58 R 2. 2t (™ Lena & 1))

P$rBAR PSNR
a=175 42.20 dB
a=10 39.75 dB
2
Lena
Peppers
Tiffany

B BEY L2 T kP



CEREEL TR R LR B ok BT SO ik 4R e 10% 10 T 4
2 gl S o BB R 3 A o Bk B OAAT T AR N R R R s i

3. Niesc ¥ ke s s

Lena Peppers Tiffany

&2
NCC E NCC E NCC E

Gaussian Blur

(Radius:1 pixels)

Gaussian Blur
(Radius:2 pixels)
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JPEG Compression 90% 09988 01s% L 000% 09954 0.54%
JPEG Compression 0% 09569  386% 09405  430% 09084  886%

T oo
Rotation15° 0.9766 2.91% 0.9915 0.95% 0.9650 3.91%
Rotation 45° 0.9515 5.13% 0.9674 4.03% 0.9348 6.88%
% 4. Bwrc# 2 (R4 5 Lena)
i i NCC
R E 3 Bei[13]
Gaussian Blur Radius:2 pixels 0.9316 0.9193
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