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Digital WatemiarldnB of  still Idlagei yifh , , .Cold$r ~ i g ; ' t a I + , ~ h t e ~ a i k , .  
. . . , 

. . 
. - - ,  

Zubair&R, ~&duJooA. & k d k  F!x 
- .  . . -  . ' . 

, . . .  ' . .:: . . .-hiding:+.awt mge q . i n f k ~ . o ~ . . , w i @ n +  . 
j!,. - > . , . . . . . . jtq* . 'Ahtract ~igik-, wa&mr16ijg--is a . , ~ o p ~ ~  - > , ,  t&l:cor: -. -. &nary-, :mcs=ge- , .,:, , 

cop3right'p&.ti&- c,Fk it -i&ihtiw, *~&- -' ' . ~ o n l f D ; $ ~ b 7 '  6 : ' *. &@hW.*&., - .- - ,  ... . -  ofikgal duplicatibn and & @ t i ~ ~  feahjre &@-and' .. . . . .  . . . . .  ... . .  . . . : . - 

-t.ko mmuniEati&,. h' .this,. 'P*d a .mM of . .*i .ak&&; -. . . .  
o+ddiog it &I& i+ige.dp dim . w a a s m a r k . e  .1 sqce+fulIy 'ddal: , 

hq t  im& is prom. '. ' w a n w h k  ii ,- 

eon*d from - ih R i % - ~ ~ u e  (RGB) '.co]lont ' ., 

td .an index. ,image.., The 6 ,  i'paP.'.ii, 
decpmpwd into. a. wries of binarjl digiCal image fv- ' 
i m p ~ t s ~ 0 n ~ a s ~ n i u k i P f c  ~m&&ng, 3x- 
& 1 $ s h , ~ t b ; l g ~ ~ o d L r & S t t o  
m & l i :  i m a p - v g  operatio& id liissY ' : Em& *"may & - b&+ &&&* & ' . .  
compresqoir kibniqueiakh as tk ~ d n t  motograp~c -. -pfibiity.. ' 

.,. , : . . .  . '  . - 
I .  

&*-. %p. -1. ',&-ion; . : m d r e ;  . : ~ ~ & & $ ~ , d d i ~ h , ~ + ~ : ~ ~ ~ . f ~  . 
applicatida uf & i & d c  in Ggnd sampliag b . iq. w. [la,, : ~ ~ 9 d  &d ,*&; ' . are -- fad to podbe beQt& signal tit miie ratio c ~ & & d ~  didw'd ig i ta l .  wahmdhq 
with IlUifcGm qamtization approach.. . . . >I- J ~ S S  -W ~a .-taf-011 :of ~~pyright 

.: 'omel?Gp,. ,epmp$red..- Wm $ j k e d i i & a l  
Ki-qw~r& W a w &  ~ o ~ y r i g b i  Pr$e&n, s k i t  w-W , ,. -The: t b d & i & & a f ,  + yru- : 
~ ~ & ~ ~ p n , p n , $ m P ~ i n g , , ~ ~ ~ p ~ ~ n . . ' .  : , .  : w ~ ~ ~ n f ~ ~ s " p n ~ : i ~ : ~ + & $ y : ~ & & c i e . . ~ ' m  

. . . . ' :.: .. . . . : 
- - .  . .- wlour bag& ' 

l%c 3-I3 k e k -  is  '%t 'pre-hesd, b j  ' 
InlrdneCion' e i n y t b g - i t  f* ih$,BGB .&car spw'to - ' . 

. .  . 
. . L .  . , -. . m:*,m&g,,&~Q,.@ a;m-.*.* : 

The rapid crpansian d (bc- lnt& and .~bc , a ,d* mapf sc@o$ mag @ &,W isSd*able . 
in-ed avhability of digital mordiqg- &par& of th& ~ t e r m a r k ~ t i b n ~ h y .  lk 2D rn- 
duplicating dev@ !aye increased the. ~vailabiiity pf . . is emmtialiy a' '2D - gray-,de , i pgc  whi~h is 
djgitd sqch, 9 tkt ,  audio, i-3 q d  .vid* to the m p a p e ; d  : Into # 'e: pf, ,&g- @gi@''@a$e+ .- 
public. -Copyright ow- & cmcv& &wt ill@ ' + U S ~  &k'fili&~ ' t m l & d e c ~ m p & j t i ~ $  &I* . 

. - 
duplicntion-oi;d &tibution of their data and w o k  A. [8]. ltlae fiegulting bin* &it4 &a& tben.&-to 
solution for this is to use digital.-&g to protect - implcmeru malliple' . w m n g  in. 'the sgathl 
inteyecksd prapetty of creators, distributors ar owners domain. Due to its highex d h m ~ s i d t y ,  copyright 
ofsqchdp.  , , oynenbp. i s  :@,- robust ,ib- @iipIe , : 

Digital Wemarking is 'amtied far copHght ' waWimdhg (81. , ' : - , ' . . 
protectjm, c ~ t e p t -  .aubntica@n,, de-t+n of iUegal . . . . . . :: ., . ." . . . .  . 
duplication ' and alteration, 'feamre tagging - &d . .  . . , . . . .  . - - 

set# communication. . - Digitn7, watemding is the Pre-Pr~~+g r$ tbe W&-@ 1, ' , - , . 
. .  . , , ,,. .. - . - 

Zubair A.E -, . . The w n w  is aRGB calok.id@, w(m:x n f 
D e ~ n i q f E l ~ t i . i p ~ ~ r i o n i ~  Emgimri@;, - . ' '  ' .y]  ~ h e ~ e  t&ch pi* i$ h$i&r;!d~bj~~'@k &a& w is 
University I- Niger;& . ~ v e r t e d  to an- i* i m w  1 ~ E c h  & foIIy 

. . .  .. : , lw+ag .by aim @ ygni x !o, tl).aoafwi;..w. . . .  
Fahido O.+. med R#j& P X  P[u6 x 3); The ~dm-<pixcls iri ymnge frorp 0 to 
Dcparhwd ofElmttie@ attd -er k i m - ,  255. For exampk, if h ' d m  of a pixel in y is I, the 
.Tcnntssee TechZugical Univeqrs!@ (mu), USA. actual red, . p e n  and' Mm inthsitika of this pixel arc 

.. ., , - -  .. - , . :  - ' - - .  . ,. : . - .~rn ., .  at fl.fj.&. . m+$?~.@-.pU?-~i3), . , . . .  p@vc]i.,,. , 

. , .a . . . . .. . 
Y :'4. , - ,d - - ,  . ! -1 

08 . : . ,y . - :.g : Cr 
,$ + ;,:. 5 . . .  - 
5 .  3 -- ; 
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?his mn~oi i , ,&  5 tho& of wpi& *&lo&) . : in oddur pli ~ , ~ n i c n & ~ l o u r d p o  @I is. sekmd 
ampling sekc&g a col* t~ m@t.G5$t&; <did+&$ - . ''-.I - , . 

with psib~=P:cm~qqrg'~p.a~~ . ~ I I C . ~ ~ ~ : P O M P E B  -. ::; :~ftbe p ~ G k ; ~ $ e * t +  -in pis -'UU 
rn p r a q  in a 'givm impge. kI% ~ ~ n l W  ebb :. 256,' E b, i* Li~~l'a~@ @e- is m t e d  
may mcq mwe thah me,  sgiw c o 1 a ;  ": llntil ~ n w q b e j .  d.$ec& eololus in pis just qual to 
~ s o ~ ~ t o & o ~ - f i a t . t t b k . & ~ & - & t ; " h ~ & ~ & . - . " ' . ' .  .:.' . . .  . - . . ., :'. ' . . - 

. - - .  . . .. . I  . . I  - ' 

. 1. - ,. .' 

(mu 4 256&1 pixds whik w is repbnM.by 3%-. . ~ f n j r ~ ' s i p ~ k i s ~ r p e n ~ t b a n l ! I  
p k k  8 b  long as -mn is @-eater tiqt 384, .;which .is I. ' '- .and. tbc qu@gtiw w is '.q& ~ ~ t .  . 
usually the cast, (mu + 23%) L +W3mk . . . . . ':llhf&:, t&''appm&' &'. modified ro kaki in@. 
a& rccbsmaiqn can be egily cmie&'*t byL ,&dmt@, ~ , f & q u w  hf -kpm oi do&. 

mdng the image wdm x a,s 3) h ' p  p TO. - ;Ehc+qiop . - of~c+56thia macis d&c. . .. . .  ' .. . e V a t u ~ e t h e - i d d b y & t b c ~ l i n ~ , + w t ~ y . . ' .  .- . . .  . .  . .. . A  

twe th~~.vabm of p.ali signat to n+ lstio .+: S ~ : { S & ~  ?q:&fre~ m w  .G&I~J-- . . . normalized cross-bdatioa WCl' ' [ ~ ~ l l , f % I 3 ~ 4 1 ~ ~ ~  , .' .. ;' . a. '. .. : .. . . . :. ." . I .  . 
~ h . p n r ~ ~ ~ a r a g i ~ ~ ~ q n . ~ ) s n d ( l ) h ; . , h  . -I  ..~.llx_pabarq~+l~mp~is+ktssit!~~l. 

is +e si@ sampling p v ;  ' . . .%ly++@~.iomoccd.%&dpiuls 
. .. . . . . . sdqid cid&;b n~ as @ [,,- - - , - , - '  lb-.. : t i : :  . ; ~ ~ , n ~ * i ~ g r ~  . 

pmu=l0toyp 259 .. - 
. .. . *: a: h$qll&y" of: &u&a: 7ille m a t  frcqmtly 

' - 2 5 z(+~d-+~;i lF.  
- M H ~  . *  ' .  d g . 2 5 6 ~ m m - r r r s E h P s e D a s t h e ~ k d  

. .  ' , c o l w m k t b e & w ~ * , ~ ?  . .  . - , . .. . . . .' 
andNCisexpmdas ' . -. . . .  . ... . . . . .: 

. l  

. . - T  . .,.. . :. . . - &p$: .. , m o t e .  dmw i - . ' . .  p ~ + . ~ o l d y i l  .: *. : . with r h  U+t&, .. ' - . . . . < .  . 
. . . I .  - .  . .  

. ' .  : '  - .  . 
. . m n :  - - " '  . . .. 'Ibe~'gbtels,mI.a9canned~:~&dlpiffels 

..; . . :. .:. :.--. j :"$+$I-+ ;-t.c!~Jpur :in l?m. each h, k =l is. , 
. . ~~ @e &el tbc 256 m b  

I - - .. . , - - .', iqp.EWv(3j~&&-mgwithali-dm 
wkue i, j and rare row, cdmn and dour vmiabks. - in p, h u  k i8 by 1 and the i9 

The W'of sampling appaches consid& in fMs . . m p ~ t @  tk pixel &tU is U t e d  with one of 
p a p m d & M a n c t . .  . ' -  . -.. .. . #  - ~ ~ d ~ k k d 2 5 6 ~ ~ 0 1 ~ , ; . :  7 .  

. . .  : . . _.. -. . - . 
U ~ m ~ i o n A p p d  % -  .- St#@ 3 : h l M g  &pm&bye&dlating thepslv 

- .  . * 

TIE image is scmmd f p n  pixel to pix$.' me . 
" 

r t m d  imge w, * from i a  
edmof~hefirstpin~hselscttd~djnclu;ledf t h e .  ~ ~ ~ d ~ c ~ l d ~ ~ ~ h i ~ ~ ~ ~ t h h ~ ~ g i d  
colcar map p. Tbe mloor of every 'pixel I, is . image w. pm,b a v a l W  
~ p m ~ w i t h t h e a l m d y J ~ ~ . ~ 5 n ~  4 @ ~ . l ! ~ ~ w ~ ~ & o f k ~ ~ b ~ l  
coIour map. Initiallk k i s  cIjbseo as I. The irhqmlity-in' then ap 3 3 lepeated. is done m b  
(3) is checkad for the three ~ I o u r  mpmmt8 ofI& ~ , ~ i s p ~ t l u d ~ v ~ ~ o f k a s e d  in* 1. 

( I ~ - ~ ) S I ~  s(ts+k) &ves the bighest psnr is ~lected as 
. . . . .  . . . .  . If Eqn, (3) is ma for Uv ihrremloor rh -&;imng -a popul;im. h, a the mat COI& cd pirsl e m  

, -rifpep+-mdpwi256 mstitoe- with '& aUd '-mated . -y :' -,hi&& *lation &P 2 is jib &jag indidd& 
d ~ ~ b i n p I f ~ ~ ( 3 ) h & f & a t . & . 0 ~  ; n a t l i o f ~ - ~ 6 . ~ ~ ~ t h a G i s a o E e a t o h i m  

'carngon.nt if I ,  h e  colaor of fbo pixel anawd is  
Sap ,MI* ing divi8t4d kYY c o m p ~ d  with yet mother skendy saleobad whur In.& 4 

Ip b-dOrm.wmm aPd k% tht - 
If-. {3),kfllPC after,olu~*ngwi@ , .. . ~~~,+MIO$S I -. . nw,:$~~,.i&&&aP~;~,Y~ -, . . '.from pixel @ phd. lBe'qumti~~hn erriw in each pixel 

?A -. - , . ' .  
m .- , . . - . . 
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. * , . 
is. d k l y  propor(iond ta. k. % ~awmp, qnatl+tion.. , .. wawunyk Nrn x n x 3) tys  mn piieb a d  wil! lead to, - 
errpr in the &matic ap'pro~Fh 5s' f a -  W be I& - .: Bma bits %%bit %beam, b. . . 
cmw&lvi$ -9 g!m&mh-- . +..- :,., .. ' -' . , .  ' E a q h k f r h e ~ ~ t s i s ~ r ~ r i s ' g r c 8 t a  ,. 

'- &an. 1 b e i c v e  better r p b u h q  A "1- bit is encakd , 
. . 

., by addng a cdw'ronstant Ec to tbe tmt.e: 
DemmPd~on ,& ~pyAmd ~ 2 ;  - .  intansitg a;ld am'&, bit is encdd by subtractihg w h m  

- b,.+..,. the b$p ik l  intensity. To achiew better r o b u & n ~ s c  
The ma& Hrn x n) *xi&.-* &'a.@*..f,-:must bit& &+I. IW bet& im-thikty, ce. 

lwei. im@' % gra+1+ i s  'ww, a' . .' '&'rid Ui2.w hgg.  be vatw'd'cc &odd bb bch - 
saries of b i  digit@.i-, b(im x JY.X 8). n h g  s'&-: := as to &dn.ltss lhaa just ,n&&l= differ& 

' 

ntds thdmlq WomMtim~j gcdmiqvc'; @j.' :*. between @,watemrked im& and h d .  The @ 
1echaique c o n h  &xd in ): ,to :&&, ak . . I  signal .to noise ratio, plrnr of &ked image shpnld 
illustrated ia F- 1. .fii*l) % 20i#,~ whiek . i$ ' be quai . ot mter thaa . ~ W B  for: IMW. 

11 0010012. y(2,l) is 1510 which k YO1 1 1 !=, A single . im'p&ptibility The nmmaliPed c r w  rorrelaI$n, 
gray-level image becorn B,bhky imp: b~,b,..,b - "  NC btwk w&muked image and host sboutd'ba 
4 4  . - "dosc w 1. Tbis alssreqnhs that soms of t h e ' b t  

. , . ~ a h w l d k . l d t ~ i a ~ * m ~ ~ p r o e e s s .  
. ~ ~ - b r , E e a n d t h 8 ~ d ~ d o n m t h e  acml 

wa-r 'P- pi+ GI+g W ~ I ~  bits consti- ~ar( . ~ f  tire. , 

amcbl lay. . . 
, ' 

f i i g u ~  2 sbirws 6 tbevmil. ' ."d$*, .. . ' - .  
Tbc r(Gs a im san~env m d z ~ t e r  me :. rn.+:~mge , 

r ' ~ d a s e o l s s ~ ~ ~ e l t o . ~ * ~ - o a ~ . , .  . 
1hcbhqima~es?..aing~&t+ran,b..T%&digit.1 .. ? ~ r M u p ( c d o r ~ ~ i r m g s ~ & i u a ~ p r  ,< 

wammwhr  -embeds bit s e  @b, dm h t  . :@@..The jma image and the key mtrst be, mYd$e. 
h g e , b  Itr ahe'tms&i&chameIqt @age,' the : E o c h b i t ~ p M i s ~ f m t h t p w c n e e o f  
watmd+ 'iw9, h ' m y  be *lrtd .or mpkxl. . a.'kkpr "0' bit. 4 decid- has b bc &bed yb,&cr 
[3,8,l!j). 'h w k m &  ;d$cct$, hi& i$@y'- - ' 16 &el+kitra a "IL'or bib %.r pixels carryiag - 
e x w i  bit sown, &, The host. image and a hi pre . . the 98;m Iiit arc coinpad before +ding dhtthm it is 
required for the cxlraction. . . ' aY1w"O*bi t ,Rarec~w~thedee l s imreadred .  

~ b i t s t s a m i s . ~ ~ s r t e d ~ & t q ~ i ~ ~ : ~  ~ d y t f o l a r s r u ~ u l . q c m * o f l o e b . * b ~ - .  
b j , ~  ...,&, .and La Ilbe i a k  w ' p b a +  - ~ c i k  i,wb~uatcd p :a nmsm of m r y  *d b 
t h e b ' q ~ t o ~ y l ~ v e l ~ & P i ~ y , y , a o d .  .,pmas'andisrep&mlaserrminBgaCQ)..Vw 
colour map, p are conveqed to RGB dourteewerod 4 e f f g i n d i c ~  high reliability. 

. - 
The bt i m w h ( M  a H x 3)is .an RGB ' '&--- w.T~G of w,, its 

colourimege with MHpixetsbut cbm are . 3 M N , ,  - pulr n;d ibs n m T n a i o a  
possible lacations for e m ~ ~ ~ ~ ~ k L  bit+ Tn ..~QowrrpslredGhww~llsbowwithwtdw~htbe' ' 

ahcr war&, the ,&, gncn md btoc -pmb ,of h . , w.& is p v t  in ibc *a Wge ff not, Madab 
m 1 spate j,GP tg, : FG, a .. :p"P''"s wm h\Ie'W impftmmhm. d ' f he  

' , .  I' 
, , . .suhyxtems ' or ' W ~ k s .  Results irf ' exphmirm ' 
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.. 

. .  ,L . -  

. . . . . . .  . ,  - 
< .  , - . . .  .* . . ... . n-2 OW w a t d i i s J n e m  - ,: . . . .  - 

, . .  , . . , . . 
, . , , . . . . . . . . . . .  . . . . . .  _,. I . . ' .  

. - . , ,  . . , -  . .  - . . 
I. . , .', . '  . ' 

R d t a  ~ n d  DisaiAB+, . , . - E M &  & . b ; i ~ ~ & a l ~ ~ & , m u d . .  
. . . .  

2 .  . . . .  - . ,  - ~ S S  ,the ~ w W  ~ptid.: w{&~: t h t , , . p l w -  of . 
Pre-procqing, ' . . . ' . ' .  wing. ipp, . - {a:, .:- :'ffix .,the 

. . emhatioil of frequency. 'esthmi:-of m-. R a  coloui . . .  ,- .' . 

T b e a l g & & ' ~ @ f & ' & & h ~ ~ ~ d R U B *  +g& -, -. . . .  . , . . 

image to index imtge-uras ~ed:&th. tbe? ir~!agix' - - - . I .  . - . I . - . .  
1 . '  fd,. , .-cq.: - - U c n l a h i n ~ d ~ a b o o l : [ @ : R s u t . c 3 s h ~ s t h c ,  - h ~ ~ ~ j f 9 ~ ~ j  , .  - .  , - . : . . .  . . - . ' .  graph of 'psnr'agab k {uscd~%stkpJ' U f  'tl8t'dmmatic 

- 
M, 6, . a  . .  , .  

' ~ m a c h ) f a ~ M M F o . & & i r m g e t ~ d u ~  .lub W h c r r f - ~ ~  z . ~ l . l k 4 t ) i 1 $ ; j , - + ~ )  ' ' - - -  
. . 

'6f.k la0epl) that give the highest p a r  is obtainable born ad -w 14 

Pigtire 3 aadis,11~~lu.ifed$nTable, I. ' ' . ' 

v . M N . 3  * . '. 

. . .  . W I e l m d R ~ ~ 4 : ~ ~ e t h k c b m ~ o * a o f r # u l t s -  . , 1-02 ~1 b6d-!biwqd[ .. , :  :- 
-H:M., - .  

0blaine.d Mth. the &oh', qismi&bn app'mcb. W . .Tfie. m u e ~  es&@ 'of-:'j~$:- :,agcs. 'are . . . .  democratic ' w m : f  th &I& -am.. -C evduat& -g (5) and 1. 'Sfse higher ,- 
approach gSVe ' be#es - h d -  &gbtb @W the fq- &tim&, the higher &'- *d - 

a & .  . . . .  
cdm@ with ' - d o r m  q i u n t m ~ ~ n  a p ~ ~ o ~ c h .  . 
F-re; it is .,&- :,at E b t  + p u  is; ':-.:m I:... ; 
&$--& &'& fm, . - . .  
Bshh.. To munt:far this treh& Croddeptpt o f ~ ~ y  . . 

cstimafe is hercby introdtrodrid , ' . 
Baboon - .  . . . . .  . . , G O 1 W  .- - .  

. . . . . . . . .  , . 
- .paor~nd~ . - . * ,  "1.- . +,,- . .  , . - , . .pp=39:55dB p~='3$.24;dB~: . , ps11t+3&.71@ ." 

- I . - .  
. . . . . . . . .  

- . . . . . .  B m  . . . . .  

Images: &m&GoIdhill and J$abmn . = 32.73'6B . ,- p s ~  = 30.21'@. , ' , pi& Dr32F- : ' 
(c) unifmh Quanwfiqn qppfflac6Rdts' 

figure 3 psnr fn  it @lour ~jskibu& for -. 1 Mmda 

A careful study of the t b m  images reveal the fact PSgure 4Comphn of h-Fm&ng ~ I ~ ~ O b t a i d  
that the mtc of h g e  of intensity (colqurj d e c r e ~  , , : + with . h m m t i c  A m ,  a i d  Uniform 

Quantimtih Approach. . .:. , - 
from Baboon through- Goldhill to Mazbda. mr&m, 
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WtztemarRijrg Thesi ti;e d ; w w k  in- . 
. . . . . . . . . . . . . .  . . .  ' . .  , . - ..&f.j'&'jj* &.a& .+ i~- .b h. 

Figure S(a) shows a .waterm&.w (57 x 57 x 3):whieh- &rid: and 'rw .,y idg+!, T"I'e . o v , d  -system's . 

wss, e o n v d  td-in+&h&@, w ~ ~ w f , ~ ~ m , a d e ~ o f ~ ~ ~  ZD ;.: . 'perfd&.,is4sa!i&t&y . , . . .  $diel+ble: . . . . . . . . . . . . . . .  .. : ;. . . - -  '. . . , .  . mtrkes: graylevd. ha'gtiy .CS'I. x 57) .&owr! i ~ ,  j :, : L .  . . . . . .  . . . . . .  
qb)  and B ~ 1 %  map, p +(Z5$+ 3j. I ~ ~ ~ G ~ I @ ~ I .  image 2 R O & & T ~ ~ & & ~ . L P & @ C O ~ A ~ ~ O E ~  . .  .r .. ,-,>.-.. . . .  : . , , .... ( ~ 6 x 7 8 7 x r j ) s h & ~ ' ~ ~ ~ & ' 5 ( ~ } . ~ ~ . ~ d & h ~ d  :-:..":-;':-: :.!!-': . . . . . . . . . . . . . . . . . . . . . .  . .  .. . ' 
iniage in thir'wmk. V a r i o l l s - ~ ~ P ~ ~ w e r e  used fm . -  . , The Jiint P h b t $ g n p h i c , : ~ :  .... (3rotp. (PEG) lassy : 
diffaent,. i:'&~&q. vd-: ,- , of ! c ~ Q ~ m Q n : ~ : & $  ;*: igf ';?vo '- : R:.::.: . . .  . . . . .  
,watermrira~atwclls &"".&~., *in$&&ge c'bf- 

, .. . '-  ' ,<.'&..?,;&'. ed@d-, , ~ - 6  . &* of , ,  , . 
w-- 

~lgurr 5(a) wis lud:&: w k k  with +3'to 6bw' cirmpresbfi i.hc?i&ted,by.,b':ip@tf .fa~tor q. 9~ hc; 

w~term~ried .of H+ :s(dj: TIIC~SW of ' I-r t k q  irdut; .h i ~ . w & & ~  &-8;ld.&ce the, 
m a r k e d  imap of H&re '5(d) is ... 41.75;,'& . .  .aid -the . .  , -  .. ' higher. ttae. :@gc&. of , ~ ~ o n : ' , . h .  h'-iflitrat&l h- , 
normalized cms.comIati0~ i90.9962. . . .  . , , ,  kgiue -7. qo$~-'&kshyrM,,imaga wi& different . . . . . . .  ; . -  

. . . $ : \ i d k ~ w e r e - , * f m . & : ~ p f & k ' m -  . . . . . .  . 
~ g l a i i i t y ~ s s i  - -  . . , . . . . . . - .  d & - m -  , 

and .w.iri. F j - g  and 

. . .  . - - - . .  .-: ~ ~ ~ . ~ ~ : ~ ~ , . ~ & - & - l ~ ~ ~ & c ~ ~ f  . - .  . .  
. ~ h e w a t q ~ & e d ~ ~ f i 5 < d ) w ~ + m ~  ' - ~ k ~ ~ ~ ~ p a a d - d e ~ - ~ & ~ '  . . . . .  . .  . ' . .  

. . . . .  t a t  image to ihe pesam of watemmt~  he . , 1 A , -  . - - .  , . . . .  . . 
dstected watermark .shown in Figure iya) has psnr. of. ' . .-.-: I. , . . ':. 
3 9 . 6 ~ ~ j ~ ~ o f 0 , ~ ~ d ~ ~ f s v i r t u a l l ~ ~ ~  -... ,%-. . . 

The hast ima@ '*If .was. by -ccmpcAsik , - I ,  . ' . s .. : 
mm-out optition ~mterpoltaiun) a d  -in q e d o a  + . . . . 
(samph&. The aaaCkBd b s i  imapAwas wed as :a- test (a)'w- ( b ) ' ~ e k e d  ' . (c) waka$&d ' 

; . ' image to &tect the'preskw of w&m+k The , - 'Image.;. . ,, , ha@ ,j . . . .  
w ~ ~ o w . ~ ~ ~ ~ ~ h a s . ~ ~ o f 9 . ( n d B , N C .  , :0tigindasin : - .Compressed 

qm .. Gmm 
, , 

, : , . , , . . ' , ' . - - . ' -. . . of 0.1633 and he enor is.l.40%., , 
Ano* wemarked iipge cimying .a: wa&k ' (36~787x3) -g5"16,~ia7X.11' ' . 1- j576xm~i) - .  

that is- diffmt from that d Figure ~(a) w&-used tat ,799m , . , 454-@., ' . %.4@ 
i m a e  m d e b t  tb4 prcwnce. of ya"aafk. *'@fccted PI- 7Origi$, :: . W ~ ~  , & ,. . and XU 
watermark shown in -Rw,  q~). ha$ qf-9.42'dB;~E' - ;-,-, , G ~ d m ~ ~ y Y ~ i O p s p s p s . - , .  . , .  . . . . . .  :, . : : :' ' - . , . . . . . .  of 0.72'lf.andthewtorO.vktualrywo; , . . . '., . . . .  . . 

L ,  

. . . .  4 A :: , :. . '-1 : , - ., 

. . . : 

(a) Input w (57 x 57 3) - (b) ; (ST x 57) . .  

, . 

. P 
, b '  

. (c)W&tXmage . . .  

Pigure SWatcrmark, 1H.W Watermarked Image- . - 
. . .  . .  , . - ,  - . . . > . ' . .  ... - . -  

..I , 
. , '  

- .  . .- . . 

:g-: . *  ,-,;. . i.:.. - .  
, ., . . . . .  - , . , -  D,.;,liDO, ' m  .. , 1: 

(a) psm = 39.67dB @) = 9.07hB (c) psnr = 9 . 4  . . - 9 -. 
Rguw aps& b ~ ~ k e d  h a m i  ~etected watermark, 

Figure 6Reliibirity~c4t @suits , . ;. ' . .' ,. 
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Size AGmbnent sip is &*a (in-&) to 1 ~ 0 %  at ql w . 
. . . . .- fpn .(~6>.787 n:31 .Eo (633 -xL860 x,3) and ~ & a & l '  - 

JfEG -is used-,to . . t4e:scemcj fo&?of atiacJ& ' ,. ~ s & ~ t i n &  back . . . . . . . .  to n m d  sptial -, C5j6 x 787 x 3) at. : 
Fdr .. *-.; *ii*w...i&&I ,:8~*&*...$i~;,:;ig ( . .  I&- r6'&&*-$ho;!, :a m&-ed, . WBi-ard 'im.si& . wijh' . ; 
nduad~(shpling) . .. -to ?j% at ql00 from (+6, +?W,.%3]; :. .'di&icbJ .. . .. %. .spaid i i i  ,,idjutn& ,*' taw, fa the , . 
to (486 k 700 i 3) anl & apsnd+ {~~+~I]&;,&IC; . .. % ''+ o f $ a t , v k .  %'ns@~ ~ a m -  & , ; 
s .& '&- i !?~;i isj ;  *3 )  ,a h,& qidm' . %. -& &-'~m.iO~& E~ jf, % && & . . . . . . . . . . . . . .  
W. i s  Eh + ~ ~ ~ ~ + d , ~ + u t ~ , ~ & $ & ~ . ~ . : ~ : :  . , ~ ~ ~ d , ~ , & . ~ d j ~ + ~ : & ' ~ l &  .: .... & w...~, . .  
adj,,mi -is oated, as;i'm; .*&&&&&;;+$; 3 .  bnsc~,&.&&a,i.ap; ;"a &&..&-. I .:..- , -. . . .  

. . . . . . . . . . . .  . . . . . . . .  . -.  . . ,. !. - - . "  . . . . . . . .  , .  . , . 

Km wan&t;m approach 
UnifwmQuafiWon 

psnr=39*67dB2Z5OdB' 14.43dB. LS.55dB'. . 9 0 %  . -  75% 25% 
- psm=12MdB11.B5dB ' 1153dB 10.52dB . ' .  

' & w e l ~ l h k t e d ~ a ~ a r k s i n ~ t t a c ~ c e d  . 
975' . 952 - . q42 . ' . watemmhd Images sib- to~i&t  % 
psnr=12.27dB I1.39dB : I W d B  L0.42d3 '. '.:.- . " . 

s&ai si ~djuscment ' . . 
> .  

Figure 9 D e k t d  Watermarhi in Comp~essed 4 

Watermarked Images with Different q Vdw . . ' . - .  . . . .  - .  
. ' .  . . . .  . . .  . . . . .  . . . . . . .  . . . . ' .. -. ' . - '  Effect ~ f C ~ - C u n s t a n ~  on Rohsbaess , 

. . . . . . .  . . .  , - ,  
. . 

Hve watwmarked'irna~ were formed by embedding 
' 

the w~mmkk o f ' F i p  S(a j i n  the host image of figure 
. . -;. '~:.'~$(c) -using .five m t  -ydues ofcodingqmtmant cc. ,m 

400% . . l a , .  , 120% ZOO% . five watemmked .images were subjected. tb the same 
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, . 

a r a c l i ; ~ ~ ~ ~ o a n r p r c s a i M . ~ 9 0 . ~ ~ ~ + . ~ : t ~  ~ n c d r ~ r n ~ ~ ~ e ? f ~ ~ t , ~ . l h ~ ~ ~ . ~ . .  
tht p m ~ c n ~  of w b d y  ~ h t  &;ills . . . . .  :art,=+ % . . . .  >: . ~ u n h & d : a n d - P ~ e d  55 Figuce:,l3.& ~@,.14; it. : ' . 
and premled in'  able 2' @d -W&C P2,'The 'loFw:&.. is notic+abIe that thedhighw the nu+ d-pkk,. tbe . 
Goding -~.EC?-& Gw-M W&-W-. .: lwm . t l ~  '-tiPility 4 : mbm. . ' "Bapter  .'; :.;'; 
irnage, BM; hyc' the hig* the' hperc&&!ity. "%' . t r ) b W ~ ,  obtained for &11ir w ~ : d z e : i s . d u e  to .-. 

hi* the =;riling . -  - cdm . - -  ,-: - -  ; ~ ; , T & ~ ~ ' ~ ~ R $ ~ @ ~ u  .. .:-!.x>... ... - . of.,  ' . @* vguiJ$i. Wrnp~+,-a=p,e Gf!im~,tlbi~'i:ty..* , .< . , . ,,.. . . > . 
&&tcd ~i&k:'~.h&ih~:&,'~~~.:' . .@mbustnese,l&&~e~~,@~;si&&~~~k:~. i.::. 

. . E C = ~  '@ L go* &@,sc. for goqd ' 'biB~and , , . . - , - . .  - . .  . .- , 

. . ,,. 
. . 

., - . ,  - .,, . h a  ;A.!i*:';;-'-.:.:. , , .:,:; - ,  . ,. .. , .._, @Ustaess; - - - . . . . .  - >  - ,?;..-,: ..;~.~:.TableZ;psnr:ofi -?w&&@ b~~&:.:-.Atk- '-.::; 
, , , , . ::- . .'.-'A. . . .  .- ' . -': ' ,. . P r r ~ : ' X m ~  @.MfDe-. .piwk';,. ., -' . - 

, , : ;:; : !,?. .,:: ;: .-., , .-,, , - ,- ., A - - ,  - . . . .  . . .  . . I .  . 

. . . . .  
. . . .  

. . .  
. . .  10 - - .  . . . , . *I. 

. . . . . . . .  . . . . . . . .  '.. > . .  . . . . . . .  . . . .  : !. ... :. . ..> . * , . . . .  , . 
, -4 ' .: x . -  , . m. . . 

. '  i . . .  4 . . . I . .  , .  * .  k;. 
' 20. . . . .  . - , a- ,. . I. . . 

' W,' . 
' 16. . . 

. , . . .  1°1 t.k i . , ; ' , .  5 ; . . . ;  . . -  
.eC 

. - 

fi£w-lz ~ o f w ~ . w ~ ~ @ 1 : I o k 4 - ~ . ,  Wamfmage d & . w B & L .  "',, ' =o-"B bdpbplr ' , : . .  - # 1 d  . . 
n p ~  la,& of w a L r n w  b g e  &t+i .. 

for ~ifp&t ~ a t ~ . ~ ~ f  ~odidg,~.oh&~t'~, .. : - ,: 

with q 9 o ' m  @O~@O~'AML . Wmmark for D i W t  Number of '- . - 
. .  , - . .  

, . . . - .  
W ~ J m a g e ~ w i t i i q l O Q J P 3 G .  

. . ... - : + ,E.@~ci of WatmnwL image,Frequency onRobhws' 
- . mt of f~wnbeP of ~ & n k k ~ ~ ~ e ~ o ~  . : : . . . . 

. - Robwhms. . . .  
. . :.: . . '  . , , , .  , , . - w a * y  ilnsgan '-Were.--b~ 

'.., . . . . .  ' .. m&ng the w a m m r b  of ~ & i e  is(a) 'hia.thi, host 
various si2CS d -watery& w e n  used to gcouate imb 5(cl smg - -m 
w~mnarked imaaar with&. The watermarked images images wcE subjcctd lo the a- atrack 
were subj- fo the sam. :#.tack:. ql OO ..: EEG+ . ;m&: .&,@ 1 6 .  : , - ~ p r s s s i o n  qy. Thc~vxre -for prescmof . . '  . . . . ' warnark, The ~ l $ ~ ~ s ~  d,pr%settted 

. . .  . . . .  , . 
-+>.,e fSrzc 

. . - 1 .A. - 
i I ,I  

' . 
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Mazuda " Pepptxs Baboon 
Freq Bstiraate  re^ ES& , P q  &timate 

=13.W, =142 + .. . =33.21 
(a) Three wateniatks (37 x 57 x 3)' with different 

m - y + -  , . . . . 

psnr ='14.43 68 ~SIII = 13.53 dB psnr = 12.26 dB 
@) ~orrespondi& d e t ~ t e d  _, , . watermar@ ._ with q90 JFW 
- compressionattack 
Figore 15 Robushss Against Watermark Image 

, Frequency.. .: - .  . . . . . .. . . .' .. :- 
' k  .- . . . - ,  , '. 

, 1 # d. &,.a.  ' ' ' . , . . a;hl*? ., sm , :y .  ,?., . ' -  

m ,  - , .. , . 
. Y  .: 

*17 ~ o f ~ ~ d w ~ ~ ~ & i m a g e a n d  
detected watermark-for d i f f v t  values of 0 
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. . '  . . 

C O ~ ~ U & ~ S  _ - f61 Lo CS. md I& ELYM ~u l t ipkp8c  ~ a t u m a r ~ n ~  for 
. . a .  .' . ' - - - Ekfmge: auWntic$on ,ql Prqaioiji l@K .3kuw .on 

: i. 

. . 

watemdin& . . .  . . -  . . s t i ~ ~ ~ W i # m y ~ w a m m a c & l E B E T r a n s . o n  
show Ulat w w ;  qch.d: : :A. 4 @I@- V) ~ l p - l % l * , .  :. ' 

is robust to -able image m g . ' a o w  d'' 'm- 'V&&lzis'~: and Stas L Tik of'wahmah in tht 
&mmon tbehaiqk ' such as m ~ :  . piomion of dig id  m l t i d  prpduetq RIKXedings of 

n p p d d i  d' hm apd in "s"w~ (lm.pll~-~&i A '. '' - 

sj@ BBmPling is found u~~~~ 4 I101 -a; 13. and m&@t~ Dmd 0 
. m&.wLq a d  . ~ ~ ~ ' h t i c e . - h I &  1ndi.a ** 

. . 

. . .  a p p ) i e d f r n - ~ ~ ~ u n i c a t i o n .  . . - . -' Inkitmi& on~AeadhI  ,- d 
. .  . ' . : . -5ig~l Pwmh# { I W % ) I I I , . E ~ ~ ~ -  1616 . . . 

. . , . .. 1W RC,*amt .W-. RK Pigild m e  . . 
RehmGeJ' - . . . . . . - . b .-- ym?-w*, mp, LSBf4 

. . , ' .: 0 2 0 1 m 1 .  . , . I .  

111 ~d-h, BAM F. RQS. AD. &'piv~ A -aeity +f: , 113; J&: +. .@@31-- .-. ~ l f  . 
. f u l l ~ ~ i m u g t w ~ l a , ~ ' k a n s . c ~ ~ ~ .  . : ,  'Promsing- .Pmt!i&aals Mih 56%. ISBN 0135. 
Pmeshg 9 (83 @OW. p. 1456-1455- . 361659. . 
C h ,  B, and ,Won@, Q,W (1998). ~ i g k  A , " ~141 W+ k ~ .  (19991. '&&wII~ cj &I- i w e  
a n d ~ n l o r m a t i ; m e i n b e d d t n g u s b g d i ~ ~ . ~  .. . ' :P-- $.PgntiCbEfall, . -  . Iadia: ?6pm 0780 
ZEE S e c d  WO-p on ~u&ne& 8ghal ' ;: 3F1518. ' . . 

pp'2n-~is. ' . .. . :. . . %. - naxW.a . a r d . ' ~ u ' j A  . @ ~ ~ ~ ~ - ~ a + t i n g ' h  - 

131 Fei C., K u n b  D., &, Kwopg M i  &dysh%nd Design ' ' 'agaht V i $ b l e , ' w e h g  B c h m  ~ ~ O ~ . ' ; S P I &  the 
of s m t c  vvatetmsrk-bad autbenticahrr system% IBHl3. . . ' h & & ~ t ~  %i&y fbr . . P p f i c d ~ ~  4314,376- 

%4. a .: - I ,  ' .  
Trans.'@ Wormation Foxensics 808 . m y  1 (1) (2W. , . 

- .  ' . . . \ - . -  p a - ~ ~ .  . . .,. . ag,vseq%larga*+z , . .  ~ ~ & s t &  rra bp 
141 JP and ~.k. ~ m & d  anat4's.k of . R e l t i e v c d o n ~ ~ , Z p q 6 h b m & c ~ d S i g a a l  

' 

w a t d n g  schemes, P d p  of the 11E33ft 87 - . mid .ma'ge P h g  hstithc' of the University of 
(1W9). p. 1142-1156. ' -Southml wf-h WSA: 

[a Hsu GT. und Wu J.L. Widdm digital w-, ih ; . 
- .  : . -  , ,  - 

' .itnap, IEEB on Image Proc&ng 8 (1) (IM)'~. ' ' " 

. . 4 - .  

58-68. 
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