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ABSTRACT

This thesis presents the digital watermark embedding and detecting technique for images
with perspective distortion. The technique does no require an inverse transformation to be
performed on the distorted image, in order to detect a watermark. The method is based on the
invariance property of the cross ratio of four collinear points. Based on four image corners,
primary watermark embedding points can be estimated using the predefined set of cross ratio
values. From these primary embedding points, additional secondary embedding points can be
estimated from the intersects of two lines constructed from the primary embedding points. Based
on this approach, this thesis describes four different watermark embedding and detecting
methods. Experiments were carried out to compare the performance of these methods. It was
found from the experiment that, levels and the number of steps in estimating watermark
embedding points, as well as the distance between adjacent embedding points affect watermark
detection performance under perspective distortion. It was found that a method which requires
less steps and levels in estimating watermark embedding points with well spatial distribution,

offers superior detection performance as compared with the other methods.
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Decision
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2.1.3.1 Least significant bit replacement
Least significant bit replacement Lﬂuﬁ'ﬁmiﬁﬁumﬁﬂﬁfuﬁmﬁqﬂ Taonsitn )
uflvfindrge (LSB) vewrnzinwanwluglnmlanss Srumsunuidoudas fnvesany

:aa & o v od aa - (Y] 19 o ] a
HUININDD [13-16] cxmuU'nnJu’J‘ﬁmsm"lwmumauuaz"lmmmsmimmmmﬂ AV USIRUT



Ja

Sunumumusemagauldsunlasud lvuudagnmvesiimsinivesnisunyhifiao
A ) -] oy aey d. o g L3 U [} a a o 1 Y
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aalndifsetunaziiiuiaszanfu dafumndinisfeninaluniduauasanguy
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(a,6) otuguudd WadwvesRIRAsvRIANNEIININTaBenguadslidudilnd o ey
L
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X, —%, =0 (2.5)
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4
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a3z laodn Tulia 1d
2.1.3.4 Spread spectrum watermarking
] :’qq = & aa Py

msgauaiAtnealauldinailn Spread spectrum WUIFTMINAANUNUNIY
94 IEnsaenanedonguimsvegaduluszuufemsiisondn Spread spectrum technique
TasSamsaenanldunaanuniivosresdyana Bandwidth) Nunnihildlumatinns
yoaduuuudy suilunaifaunsoanvnavesdyamiidlundozgenimdasld i
I nsasdyaudlomaiindenainasiivfesmiisannszdudyau luidaziiuanud

.
a2 @ o
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I
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wavulsuiluiidunald FiasandostunuausAvoamaiin Spread spectrum fanda1ads
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younniin Spread spectrum AolAIMAMUADTYRIUIUNIUGY Felunsdivesnslszynd
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Useurananw ﬁgﬂuﬂsﬁ'ﬁﬂsz'v"lﬂﬂUﬁmmuuﬁamsv‘hawﬁaawﬁwﬁcﬁeuagj wazlunsdiou

a0 ¥ ar 4y )
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z

1'(x0 +m,yq +n)=](x0 +m,y, +n)+aZw,-S,-(m,n) (2.7)
i=
Tno# a = ﬂ'wﬁmuﬂﬂawm%'wmmmfﬁ%ma (Amplitude factor)
Z = 31UIUVDIINA Spreading code
. = Yeynfivzaeudidud i
S; = Spreading code §u i
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2.1.4 MsloufAmeiiAdnea (Attacks on Watermarks)[16,18)
2141 nisdusadeyauunganis (Lossy Compression) tHunszuaumsany/sum
9) s A g .='|slcy @ 1 A Pl o 9
doyagUnm Emsitluiiinduunsnarwaonmsiudadeyagnmuuy JPEG LazMPEG
2.1.42 msdaflowBusvngin  (Geometric Distortions) 1unszuIumsmsiia
WouFusnadialugtuuuse 9 18un nMsmyu (Rational) MsvSuvuna (Scaling) M3dw
AU (Translation) HaznN1sne (Cropping)
2.14.3 mﬁﬂixmawaﬁmmumﬁa"lﬂ (Common signal Processing Operations) 1oua
a an [ [ . ar [ <
msutlasduyunnaineaiiueuiten (D/A conversion) Msudasdyaunneunenily
¥ »
73908 (A/D conversion) JuauUI(Resampling) 370U lA(Requantization) Msliudadn
a o A day Py
(Recompression) ‘1ﬂl‘ﬁﬂi\‘l(Dithering distortion) s ldaios ﬂama{ (Linear filtering) LI UBUD
Lﬁﬂgﬂalﬂﬂg(Non-linear filtering) 52509 MTAARIVDIT (Color reduction)
2.1.4.4 13190 Taooaun (Other intentional attacks) e@BaN1sIAsunlasud Ty
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2.2 MNAINa (Digital image)
a Y o Y aa A [
AN (Image) luTandinmanssgninons Hangu 2 48 7 (x,y) laoh x uaz y 1iuunu
oo aa 0 & ar I~ as 1 ar ] a
Analuszuin 2 96 miladsu £ (x,y) willudadwiuanuaing niennuiduvesnn 7
o 1] é = v @
AWMU (x ,y ) FUIUTYN TEAVTNT (Gray level)
PR [ Q o w P I~ 1
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S o« 1o 4 a0 P LY = o
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dmSumsununmiodoyauvuddaemin amlusssunansmeaiulaoialiv
a 9 [V a o A Y o ¢ & g
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Ao w 1§ A . < s 1 [ P
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J =i A aon Q’ -} Q’ll d‘ ¥
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[V o s [ 1 1 v A a g =% y:
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4 ' Q< o < A ] 1
Wousznivasuasuiuiieesn uumaynsusauaudn Fegwanssuznmmsdidoya
Ay 3 Jumdeiodlife 3 9 1us
3 14
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' ' s L. . a A&
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1 4 ¥
&anandsznoulldis 2 duseu AemsusuUde (Sampling) tazmsUsuludlsuwm
(Quantization) [19-20 ]
14 1 4 ¥ v
Qs [ 3 < o =1 ° =3 3
FUADUUTAVDINITZUIUMIAINAABMSUsNIFY TasduasuilazimsinuaIny
[ ' ¥ v
aanndumians 9 At mualuginmderiies ndenimindiae o martiesgmithhala
Y Y & g q’;’ Y a =N v ] ] o v
THoglugtvesdiuay Fulluduseuveimsdivliudalsinm snnuanosumazaiimus
aolumwezgniinsanldegmoluveuvavesd (Gray level w30 Brightness intensity)
o [~ = o & £ ) u’: t:yal P 9 @ ¥
Smua nawsludar m Bovlaudwn Fannduneuiideyahnldszgniaeglugiuosen
4 an & ) ° ] de ' aa = ]
56 2 U8 Fwwazduvdevesensiizunuuaozianiwlugdniwataea 1susunuaae

LS P Qs 18 91 a . .
ANUNUIAINDNIHNNAFA(Picture element or Pixel)

221 dnuamsdanudeyamnuuuAInea
aa =Y o o v o aa e Yo v dy
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Ed
(Y 3 ' @ ° Voo ' < a
o 002 528U Ao TiflswAgavIvugas Ny Tasuaasyaudoyauuia 1 da
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¥ [ A ar d!l LY o’: I~ oA o
14 256 53FUT 13D 256 5EAV Gray level YuBEAUNNIINTUNNTNT BN NI
e MW True color A0 Tuusnzganmeziivuiavesdoya 24 da vildownsouaas
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v
waaana lamwien vy ldauns ouaasraninaa e

a A a o v
222 nguiuguueamsiszanananmmiienly [21-22]
2.2.2.1 mM3U5URNEI19v0931)0 1 (Brightness adjustment)
msUsuanuaieveglaw Aemsdiuanuaivesmwiiimanuadng

d?' & A o 9 (% - . 1 W 3
VINVUNSoaARY FIau1 N1 1A 1avdSunSe Shift AI1SZAUYDY Gray level YDINWNINUA

vog ' a e A& A 9 V= B~ ] d? P=1 (=
namdoansfismieiisdesnts endisuuuin @nuahenniiu) vieautuoy (AW

ai9anad) i ld aaaums (2.8)
]’(x,y):](x,y)—f-c (2.8)

@Wo  I'(x,y) femanuaieussgdnmignldsuudasidumua (x, )

¢ unusgauaNuasiasundaslendauduuinrieavd 1é
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2.2.2.2 msUfumsaanuveaanialugdnin (Contrast adjustment)

o o o o3 =] o ar Y v
msdSumsiasuvesdamiugam femsdsuanuaugdavesnwldiin
b4 '

anuauFanTunIeaans  Tastiunuamzuidiundosms Idanuiandeiuvesiinn
¥ A ¥ o 4 o o o s 1 =%
JunTeanny FINNIMANUANFANINTUITTAY Gray level 32UANYULTINAIN AIUNNT

ANNUAVFARADITLAD Gray level 3L UANHUTNILIWDBA AITUAT (2.9)

I(x,y)+tcn S.xSrz N _<_y§sz

'(x, )= (2.9)
I(x,y); otherwise

e (ry,s.) UnuSmnUASUAUUBIMIYTY

(ry,5 ) UNUALMIIGATIB0BIMIUSTY

2.2.2.3 M515uav833UnN (Scaling)
2 9 ar [l o = L4 Y o 1 P d?
8913 1996518 UNNITAUIUNNAUAFTAT  01DATIAIUINLVUIINAN

a o o [V Y) [ a d P~ ] =1 P
LﬂﬁJﬂﬂSﬁLﬂHﬂ']WﬂlU'\U um'mmmauaﬂmmnmwmummﬂumma IﬂUllfTﬂJﬂ'liﬂﬂ
[
I'(x,y)=1(xXS ,yXS,) (2.10)
& ) & 0w
5313} S_‘, ,Sy Lmu‘uum“lwu‘umgﬂmw“luuumﬂuuauuammummnmﬂu

2.2.2.4 M3U5ununWYe931Un 1M (Image enhancement)
o ar o~ o ° o o
dumsdivaunmuesgnmlasldflames (Filer) vmihnidinsesdoyaa
A o 4 ° :Y an ya o ] A @
iedaouesnlszneuvesgilamoennty hildgUamn ldlidnyuzyuuianmsedaon

2 2 - o A
Ju Falqumsna e

N N N N
I'e,)=2. 0w, )1 x+i— —1,y+j——lr— (2.11)

i=1j=I 2 2

H Es) Q L Qr & 3
Tagn w unuiawesdmunsosdanu Fallvuin N XN
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2.2.2.4.1 m3UFumnl#iania (Smooth filtering)

[ o ¥ as A A o
Fumsinldnmginas viemeaadygusuniumeluam laouonien

=1

o Aa o o & Y = LY
pantlsznouninnugeluyiSos lavwusen dalaunvey uazswazidvaiaudaveszdnm

d ! e o e Jd o o a @ o
aunde Bmmzesndszneuifinnuia RawesUszanilesldudsedniyadutiuuin lay
L4

= [y a ' z v oo as [} o) o o A a v A
1JWai')M‘Uf)\'iﬁll'ljizﬁﬂ‘ﬁlﬂﬁ'luuL‘Yl']ﬂ?J 1 ﬂ?ﬂUWGﬂlﬂQﬂﬁ!ﬂﬂiﬁﬂHﬂlzuﬁﬂ uﬂszﬁmnﬂmu

' Voo A t a 1 - o o [ d"
AUMIHUYNA ABIAY — Tuaunsi .11) Hawes w ity Al
!
B 1 1]
9 9 9
1 1 1
W= - - - (2.12)
9 9 9
1 1 1
K 9 9

2.2.2.4.2 M3U5unnWIHANYAYH (Sharpening filtering)
o3 o Y [ dy o At a e o LY
Wumahidnwmgaudaiiu Tasusnioredszneuniianuddieon v
< P=3 9 o d? a 9 Py 1

gnsonsaiuswazdsaniwlugUnmldsauiy Taummzusnuuoy, 1Ty, n5o3aa19 9
o d” A o a o v 3 A o Q’JI P A o’/’ o P
HawmotUsuanilscidudsedndinaraumniunitluuin veminimdenenuaiuay laogl

o Y QJ " o’: [ (Y} ] a o as dy [ a Q’v 1w
nasudulseandivaniugify 1 dasosvesiamesanyauziine dudse@nianaluniny

¥
o

2 A\ WA < I o P o
N usmiunmaenamuaitiu 1 luaunisy 2.11) Hawes w ety aail

w=|—1 9 —1 (2.13)
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2.3 msdarismsnndiauuuineainany (Perspective Geometry Distortion) [23]
23.1  MsauuLnomnanyl (Perspective Projection)

View
Plane

2
A T --..¢ Frojection
____________ - Reference Point
pesoene

511 2.3 msnwiaguuumemmavnlsnguurussuy

U

[~ o aa [} P a [y o as [}
Llluﬂ'15ﬂ']Uﬂ'lWﬂl13\3')?1@]?1"]1!119\?1\1'”1‘!“94“5314'\'LﬂﬂU'ﬂl’gfll‘lﬂa'lﬂi)'lﬂ']ﬂq%iﬂll‘lﬂﬂuﬂu

v
o

o @ A Ada ' y a 4 a
TEUIVUHUIZAANUNTATANUINLTENI Qﬂé"l\?ﬂﬂﬂlﬂﬂﬂ']ﬂﬂﬁﬂ'w (Projection reference point)

q q

4

< 1 A . & dya o A
N3001913007 FATUINANVDINITRIY (Center of projection) HIYIAUNATINNITATUIUIAN

fafuINduTAAINNIINIY (Projection lines) YBIIAGNAAUUUAUITUIY (View plane) A

C; é Y = d' g J Q’: ? 1 o :: s ' Qs
z‘lh’l 2.3 PIVUIAVDIINNTIINNAVUVUNIWRIYUU ‘Il$ﬁ‘1m'lﬂ‘ll.ll‘ﬂ'lﬂu ‘YNﬁﬁu’ﬂUﬂ‘Ui%ﬁ'N

9

D.

=

Qs ' é s = 1 o ¥ d‘ ' LY ar 13 d'
Yo IAgUAzIHNTZUIY Fat IngTivinamini uaTessznaiaiu mglinauuuHussIUY
fszuznanndagiuriuszuiniideoni szlivinanlvgnh Taghliszoenaenni asgl

24

=n.

=% Projection
Reference
Point

View
Plane

31/ 2.4 msmoiaquuumenmwaiiniUsnguuuiussuulussozmeiiuansienu

y ] ¥ .
Jag 3 HANQARWAIUNAUTZUIY (View plane) nwdi diin dusne 9 Avutuiu
w a ) P 1 [y a LY 4 Ao '
vosingiignaie szulsnngiuduaseh livwmiuiosiimsdaiu o gaganils AiSona1 99
.y N .. ) S A ! o
su A1 (Vanishing point) T451UIUIATINEAIWA (Vanishing point) Wu Tunneteeiuny

$121u UV (Paralle] line) Yo IngRogUUIHUTEWIL HaAIAIgUN 2.5



Vanishing point

¥ axis RN Y axis
Vanishing ~=~.__ _.--==7"" Vanishing
Point Point

16

(")

figasudu (1) wansgaswmerinamidadounyumen

51 2.5 (n) Tagylgnuaiieg
4 =
i

o o {a
AWz ganues a3 1 98 (9.) uansgasIvaIsnIvIMWITAD UMD AN

I=3 ‘é i
fivlztgnuian Gl 2 99

2.3.2 mwsmuﬁﬁmﬁaumamwaﬁw (Perspective image distortion)
1nMIeduIs s pavesmsnsiuwodwaNW (Perspective Projection) U830
ar o’: ar o o s g
Tusfade 2.3.1 udnvaizussnmuesingiignaisuuumemmainavueiinsadunmwes
@ Y a YR 1 2 I~ = & o da & Y
Sagldaiinnuidnnfianudn duldmusssund denmvesinglinadinueinnmsuesniy
Ay 9 A g 9 19 ]
e vieundes wieiumsadnmusaingainllsunsy @y Matlab, Photoshop
o) P 9 =3 Y] v PRy ] [ ° ] 0 as ] v [y
Wudu  wduiutagee feglunmegludumisaaduly luszozvisinaduly uay
Y o Y - v Y
Srwvnaiuandaduly awszoenenngaues niennndes ludsunszisdumeldnn
4 49 2 w 4 4 4 o 4
aoa o galaganile Aduveuh Famuesvesmwawnariivziaouly dioifansinden
° 1 1 o A s o o [}
Traves duntisvosgauss lithezidu donlunie 410 v il nda nie qe i Nezdawa
=] P a o J a o [] o 1 9
e yuwsunoamainin/dou)aslnindy udaswlangavesdsegludumiudn uad
Py 1 [y t Py LY o A Pl 9 '
wasundasusyusunm i msnffounison Ifavesand vienms Ay id-oon Taok

a d‘ o . I3 1 d’ o ' o
fmsaou dumisvesgaussmmuuumeniives lundounasly @umisesyaueads
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] ] 8 1
agfiAy uan/foumwizanunde uazunuveayuBANITY 13U msuldsuszuzguusendes

e s [~
vl damasumnuuumedwany Wudu

]
as

IﬂU')‘V]U'IN‘W‘LIﬁﬂﬁﬂuﬂ“i‘vﬂﬂﬂﬂﬂﬂ"lwuﬂﬂ 2 4if ﬂ\'i‘Ll'LlﬂTWLL‘lJ‘lJ 2 fNng QNRIULUUY

mommainsedonnd nmiidadeuuuumemwaiiviuios #aetudagii 2.6

‘l]ﬁ 2.6 SFI'J'E]U'NﬂTWVlUﬂLU@HLLUUL‘WﬂﬁLWﬂ‘Vlw

Picture Plane Vanishing Horizon Line
l Point
A
'\. \'}'
s N
7 ~
/I ~
P = s S
7/ N

5U7 2.7 dausenouueIn INNDa UL LIND EINATIN

v

1 d' a & a as d' - ar ar dy

muﬂﬁzﬂﬂ‘u‘ummwwumnammmweﬁmww ﬂﬂgﬂ‘l’l 2.7 Tdudsenounan asll
Y ] i ) Py - a

1. JUHUEANNIZHIU (Picture plane) ﬂ@lﬂull‘U’Jﬁ%uWUﬂﬂzlﬂJUUﬂTWLWGﬁLWﬂVIW

vy A . A ya o ' &
2. 1@ WWU (Ground Line) ﬂﬂmmwmmq@guuwuiaﬂ

61224
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v k4
3. @uszifum (Horizon Line) Aoiduszaumuomiivwiududuniuiosszuiuves
v ¥ E 4
Fuaon TavazifauiuyseamuanuAeIms 1aeazligasWeent (Vanishing Point) 19
L4
vaweguudul

1 4
Qs

4. 94 (Station Point) Ao AumsNNBININIINYANAY



UNN 3
=Y o ::' an o (% . a =
mﬂuﬂmsmanﬂmmmaamsﬂgﬂmwﬁ‘um‘uamwu

aananw

‘lumsaammumﬂﬁﬂﬁwﬁ%maﬁm%”ugﬂmwﬁﬁmﬁauuwLwaﬁLWﬂﬁWTﬂﬂ%mqyﬁ
Cross-ratio 11U Collinear points litiansvemeeniiu 2 Fumou fait

31 Sumeumsgeumothainea

32 SupoumsasrmmainihAtaea

4
Tastiswazidon fail

o 1 . aa
3.1 vUadUMIBBIUAYUINIABA
3 » ¥
vt mareumuehasaen wn ldsoumnieimisadiuin ldnnms 1935 myada
¥ 1Y Y . QYD a Ao vl o
woudunse 2 1dULAZMS 19 Cross-ratio Wilssgnaly eliauilseneundngyasil
. MIfNUNAfARReNNNIAANNYBAFUNIENYBIMHNIZTI INFEUAUI
aa d 4
ATMBE INDYIYATUOINDINVDININ [24]
. 9
- m3ldaa 3 wluduss sfoafuuiduaumdumiwesyai 4 lunwuduasaiy
o o )
Taoldnnuduiusuesn Cross-ratio [7]
act o et o ] o Y 4 a Yo dy
T lumssmnunyalasordounazi5deduetueladese 1

1. mfaungannmsdafuysaduase 2 idu 91090 4 9ai leglunuadunsuder

LY

1

(Xllyl) (X.q,,jﬂ;)

(XJV) 12

(XZ 2 VZ)

“

(%3, ¥2)

] & o A a o @ Y k4
3‘1]71 3.1 udadYa (x,y) ‘]Nllluﬂﬂ‘ﬂlﬂﬂi]']ﬂﬂ'lﬁﬂﬂﬂuilﬂﬂlﬁu“ﬁﬂ 2 19U

1) 11090 4 3ala q A lisglumnduasafvaiup, - p, Tasdimualdya

9

P =Gy 1) Pa = (X0, 2)P3 =(X3,y3) M0 Dy = (x 4,¥4) AI7UN 3.1
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2) 9n3U#l 3.1 mmmsednnunga (x,y ) iannmsdaiuveuduns

X

PiP2 nauld

—— 9 [ dy
AT p,p, leulgaunisaail

XX X1 N
X=X Y —=Xg
X2 Va2 X2 Vo
X3 V3 X3 V3
X3 =Xy Y3 =V
X4 Vg _|*a Va 3.1)
Xy =X2 Yy ~)Va2 Xp—X2 Yi17YV2
X3=X4 V3~—V4 X3 —Xy4 V3~=V4

o L od ' . Ao
2. NITATUINNITAINANNTUNUTVOIM Cross-ratio NN UALALYA 3 @ﬂiu“u')lizflu

asuALINUAIgINg 2

P3

4

511 3.2 UAAYA p |, o5 1AZ p, FIOYUUIAUATUAYINY

o v a @ = +4
1) 91099 3 gale q Naglunuuduai uaeItu ngUi 3.2 unualvee

P1=(x.y1)P3y =(x 3503 M08 p s =(x4,Y4)

° 9 a v & o Y o
2) usremnsodiuanmigela q luuwuduasudvinuanmualmiuge

Y o @ v £ @ dy
Py = (X4, ,) laoldAnudunusvee Cross-ratio laulyaunisaail

PD

BA

TR

X=Xy +PD X (X4=% )

(3.2)

Y2=y,+PDx(y4-y,)

BA/AD
(AD *TR) /(1 + TR)
(AC/CD)/ Cr

¢
AFUINANVDININ

P

P2
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C = P3

D = Py

AD =  Euclidean distance 5¢¥191999 4 1taz3@a D
AC = Euclidean distance Sx'ﬂ’jNi]ﬂ Auazyn C
CD =  Euclidean distance 5214’5105161 c uazyn D
Cr = 1 Cross-ratio

v v " b
MnTuAsuaItUABUFIna1 s ¥ lumsmga sugime lenumsseumenirlu

ad 9 a ' =1 - o d’ [ dy
NN 9 35 1Aud19939Aa19 q U5 wasdoadagUi 3.3 Al

Cl Cz Cl CZ
Dipp . (L Druy
W/, / . & ./'_
Drv,myyy — \ ./ - — Dru,May
eS| LD,

L

. Orp 1 \,
(Ao »
Cq C"l \ C4

(n.) (v.)

0
)

511 3.3 (n) @RI Collinear points NOYUUIEUNIYIUAMUGWYDINMN LT (V.) HTAY

Collinear points ﬁngjuwﬁ'umwmuﬁ'mmwmmw

Taosmuald C,,C5,Cs 002 C 4 UNUIAYUUDININ
D, Lmugﬂﬁzﬁﬂi;ﬂﬁmmuﬁ'umwmmmmw?ﬁaLmuﬁ'w
(x,7) ﬁ;mamﬁqgﬂﬁ 3.1 wazldaumsi (3.1) Ty
C,.C5.C, U Cy ?ﬁmﬂuﬁmmmmwl"mmuﬁm

D12 PaspsAE p, ARG

B unUYAgugiin 1 Noguwdunuosyuuudnovesnn

Dy, Wnugadgugiii M, eguudunuoaguuudnovesnin

Dip unugalgugiii 1 foguudunusamasdiovosnin
ad a v R

Dy, wnugalgugiii M, Neguudunuoayuaagioveanin

Dy unuAlgug i1 NOGUUITUNILIYNVUYIIVDIN N

Il-

uNUAUIUQUN M, ﬁauuumumwwuuumwmmw

Y

Dy, My
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s Wy unUALUNIN 1 NOGUMEUNIEIYUENYIVDINTH

Drp gy MAURAUTUYIN My, NOGUUEUNIBSIEIIUNVBINMN

o Y Y n.,' [~ q’/‘ a & ad 9 v A '
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A 3
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v " ’
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Y

@ ad [ Y s Y & A
sUnmn lUgaal sugiifegumdunusayuvess Unm uazdnidunianidunaInIngayy

¥
1 Y

a 2 @ as = Y & 2 Ao ° o
wpa3Unmdnyun i ld el suginogumd Ui LB MU FITUABUMITNINUA

il
1. 1938 mamgarluniionnisnisi 1 uag 2 ey Teoldaumsi (3.1-3.2) el
139a1lgugiiane q vidunuoIgNveIN W A9319 3.3

a a

2. Tudmmeamsmigandogil Idaisnshaile 4 daudey Tavisusindoud 1

Y

< Yy o da < ) ) Y. Ay oA -
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ldagany c, uasiduiatnuingalsugil D, |, ldgam ¢, maunsedimiumyanls
' °y aa 9 @ Y Oal' [ & v

Founwhainea ldvinganaveudunsaeutuyn g, |, =(x,, ., ¥y, 1) Flsunuge
(x.y) fagumwii 3.1 uax daunismsldidudan 3. leeld b, .. C,, D,, ,uazC,

WNURA p,,p,,ps WS p MINEIAY
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N 7
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»
/,/ \.
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.o o i ! v oah o &
3. MIEVUADUN 2 Lﬁaﬂmﬂwﬁtjﬂﬂumuw 2 FIMVSIUAUFOVDINN 1AuNI

q Q

padaTiRanduATe 2 1du Aeduasaiannngadugil D, | ldsgayy ¢, uazidunss
il ' v

=1 a [ A Yy ¥ ' o _aa
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X pp i 10 p.ix ) MR ULTAN1IN 3.4

[} :I an Y [ dy
4. oumuIAIRealUY Spread Spectrum(11]Ianldannisfil
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ad ' : aa d'
3.1.2 ISMIBBIUMNYUINAADAUVUN 2

I~ ' :na s a 9/ Av o U 9 a A 9 a
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Abstract: In this paper, a problem of geometrically distorted images is considered. In particular, the paper discusses the detection of
a watermark from a photographed image of the watermarked picture. The image is possibly obtained by using a digital camera. This
watermark detection problem is made difficult by various geometric distortions added to the original picture through the printing and
photographing processes. In particular. the paper focuses on the geometric distortion due to a projective transformation, as part of a
camera 3D-t0-2D) imaging process. It is well-known that a cross ratio of collinear points is invariant under a perspective projection.
By exploiting this fact, a projective-invariant digital watermarking technique is developed. By detecting the picture’s corners, and the
image center point at the intersection of two main diagonal lines, predefined cross ratios are used to compute the watermark
embedded locations. From those identified embedding pixel locations, a watermark can be detected by performing a correlation
between a watermark pattern and the image over those pixels. The proposed method does not require an inverse transformation on the
distorted image, thus simplifying the detection process. Performance of the proposed method has been analyzed through computer

experiments

Keywords: Digital watermarking, Perspective distortion, Cross ratio, Collinear points

1. INTRODUCTION

In recent papers [1-2]. watermarking techniques are
developed such that they are robust to 2-D geometrical
transformation (RST- Rotation, Scale and Translation). One of
those methods is developed by O Ruanaidh and Pun, and
described in [1]. They introduced a watermarking scheme that
exploits certain propertics of the Fourier transform. In this
scheme, watermark embedding is performed in a RST (rotation,
scaling, and translation) invariant domain. By applying the
Fourier transform to the host image after the log-polar mapping,
the Faurier coefficient magnitudes form a translation, rosation,
and scaling-invariant domain. This transform is also called the
Fourier-Melbin transform. In addition, a similar RST invariant
scheme is developed by Lin et al.. and is described in {2].

Those methods as described are applicable to 2-D affine
transformed images. However, for images taken by a digital
camera, the original pictures are projective transformed onto
the resolting images. The resulting perspective distortion is
different from that is due to 2-D afine-type transformations. In
the context of digital watermarking applications, such situation
may arise when verification of a printed image’s authentication
or copyright infonmation must be performed on the move.
Another example that requires walermark detection from a
perspective-distorted image. is when a watermark is used to
link physical media (printed material such as a poster) with an
clectronic media (such as a web site). By cmbedding a
watermark in the printed picture, the watermarked information
may be later recovered from the photographed image of its
printed version. The recovered information may be used to
provide a link to an appropriate Internct resource location. Use
of a watermarking technique under these scenarios is
challenging due to the existence of various distortions in the
image acquisition process.

In this paper, the problem of digital watermarking in the
presence of perspective distortion is considered. The paper
proposes a watermarking technique for images that is invariant
under a perspective projection. The technique makes use of the
well-known invariance of the cross-ratio of four collinear
points. The proposed method avoids the need to perform
inverse transformation operation. In addition, no image-
dependent feature detection is required. Its applicaiion is thus
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independent o image content.

The paper is organized as follows: In section 2, we describe
background invariance theory of the cross-ratio. In section 3,
the proposed projective-invariant  digital watermarking
technique, based on the cross-ratio principle, is detailed. In
Section 4, experiment results are reported. Finally, Section §
provides some conclusion remarks and fature work.

2. BACKGROUND THEORY OF THE CROSS-RATIO

The cross-ratio is a basic invariance in projective geometry
(i.e., all other projective invariance can be derived from it).
Here brief introduction to the cross-ratio invariance property is
given.

Let A, B, C, D be four collinear points (Three or more points
A, B,C, ,aresaidto be collinear if they lie on a single straight
line[3]) as shown in Fig. 1. Their cross-ratio is defined as the
“double ratio” in Eq. (1).

(ABCD) = CA/CB : DAIDB (O]

where all the segments are thought to be signed. The
cross-ratio docs not depend on the selected direction of the line
ABCD, but does depend on the relative position of the points
and the order in which they are listed. Based on a fundamental
theory, any homography prescrves the cross-ratio. Thus central
projection, linear scaling, skewing, rotation, and translation

preserve the cross-ratio [4].
A B lC

D
i 1 b 3

Fig. 1 Collinear points A, B, C, and D

3. DIGITAL WATERMARKING TECHNIQUE
FOR PERSPECTIVE DISTORED IMAGES

To apply the cross-ratio to digital image watermarking,
three reference points are required. In this section, a method for
deriving such reference points is detailed.

3.1 Embedding Scheme

o

Let’s stant by ¢« ring the
is described algorithmically below.

bedding part. The method




1. Predefine the set of cross-ratio values. to be used in
subsequent steps.

2. Find the image center, as denoted by D, , by using the
line intersection formula [5] (two diagonal lincs of the image)

as described by Egs.(2)~<(7) below.
Xe =  xxy @)
Yo = yw 3)
- la ¢ 4)
u b d ¢
a0 ; ©)
. ja e 6)
N b f (
I I
M d s N

where a = t‘ |, b= | y’,c=l‘" ﬂ,d-“— <y J,
4 Va 2 £ s €

e= l)‘n ". = t: ‘l In addition, (x;, y,) is the coordinate of
vy ) L

the point C.i=1, 4 (see Fig. 2).

From the above equations, x,. is the x-axis value of the
point D, of line intersection, and y, is the y-axis value of the
same point and I |dcnotcs a determinant operator.

3. Find each of the primary-level watermark embedding
points (Dyy; ; and Dypy ;) onthe left diagonal line (see Fig.

2(a)). Those points can be identified by using two corner points
of the lefl diagonal line (€ and Cy), in combination with the
image center point D, and the predefined cross-ratio values.

Py = q PDr = x) ®)
yLui= n+PDGy-n) )
Xipg = x+PDx(x-x) (10)
YLDi = n+PD(ye=y) (1)

where

PD= BA{AD
BA = (AD* TRY/ (1 + TR)

TR = (ACICD)Y Cr
D, = the center point of the image.
A= (X, )
= (X3 ¥2)
C = (x5, )
D = x4,y

AD = Euclidean distance between the point .4 and D
4C = FEuclidean distance between the point .1 and C
CD = Euclidean distance between the point C and D
Cr = Cross-ratio value
From the above equations, ( xzz/ i Ve, ) i= 1
A= (.-‘)-

My,

is the coordinate of the point Dy, ,, B=Dyy; 4,
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()

Fig. 2 a) Notations of collinear points on the left diagonal line
of the image. b) Notations of collinear points on the right
diagonal line of the image.

C =D, and D = C,. In addition, (x,5 j-¥ip i) i =1,
M}, , is the coordinate of the point D;p, ; ,A=C, B=Dyy ;,
C=D, andD=C,.

4. Find each of the watermark embedding points ( Dgy 4
and Dpp , ) on the right diagonal line (see Fig. 2(b)) by
following the steps and equation similar to those detailed in
Step 3. However, now the point 4 in Egs. (121~ (15) represents
the point C, while the point B now represents the point Cy. By
using these substitutions, those cmbedding points are given by

Xpigd 1= Tt PD (x4 ~x;) (12)
Yeuy = nrPD*(a-n) 13)
Xpp, = X+ PD*(xg- x) (14)
Yeoi = ntPDyy-n) (15)

where  (xXpy.,s Ve Bi=1, . Mgy, isthe coordinate of
the point Dy ;s A= Cy, B=Dyy ;. =D, and D =Cy. In
addition, (Xpp ;> Yep, )i =1 - My, is the coordinate of
the point Dyp ;. A=Cy, B=Dpp ,C=D, and D=C,.

5. For each pair of Dy , and Dpgp 4 » in combination
with €, and C;. compute watennark embedding points
Eyr ik = (Xppiks Yo, ra ) (see Fig. 3) by applying the line
intersection point principle using C), Dy 4, Cyand Dy, 4,

as shown in Egs. (16)~(21)

Xk = %ix (16)

Yk = Yidw a7n
a C

Xt = b (18)
c e

x - 19

b , 19
g €

M = | ],l (20)
< (4

- 21

N P fl @n

wherea = |%¢a Yeu| p o= [Y3 Ye3l o= |2 'I,

ok YRDA g YL UV
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s Xpp ik 18 the

d= I:CJ 1,e = |¥en :1,f= LVL".:

s KD L
x-axis value of the point Eyy ;4 of line intersection, and
Y15, i the y-axis value of the same point.

6. For each pair of Dp, ; and Dyp 4, in combination
with C; and C,, compute watermark embedding points
Eyg.14= (Zpr x> Yvr.ix ) (see Fig. 3) by applying the linc
intersection point principle using Dpy; ;, C3, Dyp i and Cyin
a similar manner to that of Ey, ; ; as shown in Eqgs. (22)<(27).

XVR i,k X, /xb (22)
YR ik Yilyy 23)
a ¢
X = 24
) > d 24
e
» = ; /l @25)
a e
R T P /l (26)
c e
= 27
» ¥ /l 27
where @ = [FRUA YR, l\'un Yokl o Ixpy | .
X04 Yca Xca |
Xt | ;
Lo ‘1 = [VRU. '/ s Y bl ol e
xca Y i)’(r,q yez2 Ng

x-axis value of the point bVR.," of line intersection and

Yyr.a 18 the y-axis value of the same point.

L c,

Fig. 3 Example of line intersection points in the image.

7. Repeat Steps 3-6 for the case of the embedding point of
line intersection point principle using Cy,
Cy Dy, and Dygy; 4 10 obtain watermark embedding points
Eg0e=(X:.4 » Yinz, 1.4 ) and the cmbedding point of line
intersection point principle using Ci, C2, Dy, and Dyp, 4 to
embedding

(Xip.ix - Yrp,ix )» respectively.

obtain  watermark points . Egp x =

8. From all watermark cmbedding points, embed the
watermark patterns by means of a spread-spectrum principle
|6] using the following equations

Given the set of watermark embedding points £, = (xy, 34),
=1, M, and cach of the watermarking pattern bits wy, wy €
{1, -1}, & =1 . M each wawrmarking pattern bit is

1092

embedded to the original image by using the following Eq. (28)

Lk yE) = 16k raw (28)

k

where xj, By =pen,n=-0,. .,

Q and a= strength of watermark.

=xtm,m=-P,...

Fig. 4 Line intersection points used for embedding watermark

pattern bits.
=¥

(a) )
Fig. 5 a) Watcrmark embedding points, b) The watermarked
image.

Fig. 4 shows the lines along which the watermark
embedding points are located. Fig. 5(a) shows an example of
the watermark pattern and Fig. 5(b) shows an example of the
image after embedding the watermark pattern onto the original
image.

3.2 Detection Scheme
To + detect  a (possibly
perspective-distorted) image /, , the four image comer points

watermark  from  the

must first be detected. This can be achieved, for example, by
using any of the existing corner detection algorithms. Once the
four comer points are detected watermark embedding points
must be identified. Each point can be calculated by using the
method similar to that of the embedding stage (see Section 3.1
for detail). By extracting the values of the pixels corresponding
to those watermark embedding points, denoted by 10 38)
a watermark can be detected by using any of the existing
watermark detectors. Here, we adopt the correlation coefficient
detector [6). The correlation coefTicient value is computed by
the following equation.

(1. *Wy)

VT o T )07, =18

where 7, =1, -I-,J;’, =W, -W,

Zeell, W) = 29

Watermark is detected if the correlation coefficient value is
greater than a detection threshold. For example, in the
experiment that follows, the detection threshold is 0.06.
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4. EXPERIMENT

In this section, results from the computer simulation
experiment are reported. Each of five grayscale images of size
512x512 pixels was used to add 20 different watermark pattern
of length 2,000 bits, a is 3, and block size of watermark 9x9
pixels/watermark pattern bit. The cross-ratio values used for
watermark embedding and detection are given in Table 1.

Table 1| Values of the cross-ratio used for watermark
embedding and detection

19.3641| 13.5469] 10.3151]| 8.2585] 6.8347| 5.7906
4.9922| 4.3618] 3.8516| 3.4300] 3.0759| 2.7743
2.5143| 2.2878| 2.0888| 1.9125| 1.7553| 1.6142
1.4869{ 1.3714{ 1.2661]| 1.1699] 1.0815] 0.9247
0.8548] 0.7899] 0.7293] 0.6728] 0.6198| 0.5701
0.5233| 0.4793| 0.4377] 0.3984| 0.3613} 0.3260
0.2925| 0.2607| 0.2304] 0.2016| 0.1740] 0.1477
0.1226] 0.0985] 0.0755] 0.0534

The watermark embedded images were then perspective
distorted. The distortion was performed along the horizontal,
vertical, and both directions. i’xamples of the distorted images
are shown in Fig. 6. The result of the experiment is shown in
Table 2. Plots of the correlation coefficient values, as calculated
from the original (no watermark) and the watermarked images,
are shown in Fig. 7.

Fig. 6 a) Horizontally distorted watermarked image. b)
Vertically distorted watermarked image. ¢) Watermarked
image distorted along both directions.

Table 2 Number of images where the embedded watermark
were successfully detected. (B= angle of rotation in degrees)

Watermark Yorjgontal Vertical :,:‘::":ﬂm;,
o distortion distortion d vertic
nages distortion

b= p= [ = [p= [ b= p=
15 20 15 1201 15 20

House.tif 19 19 19 19 18 17

Relief.tif 19 19 20 20 18 19

Hongkong.tif | 20 20 20 20 | 20 20

Kopipiif | 16 | 18 | 18 | 18 | 19 | 17

Dragon.if 20 20 19 20 20 20

Total (100) 94 96 96 97 95 93

70

R TP

Fig. 7 Correlation coefficient values as calculated from
distorted images with and without watermark embedded.

5. CONCLUSION

In this paper, we have presented a watermark technique for
images with perspective distortion. Projective invariance is
achicved by applying the cross ratio principle. The method
developed is capable for detecting a watermark from a
perspective-distorted image. This is achieved without the need
to perform inverse transformation of the distorted image.
Future work includes extcnsion the experiment to cover a real
data obtained by photographing a picture using a digital
camecra.
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Abstract

This paper considers the performance of three
perspectivestnvariant digital watermark techniques.
All Jhree methods wre based on the invaniance
property of the cross ratio of four collinear poinis.
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