¥
awihaTreadinsugummiauanw ldnnmsnyu msdsvuue

A - 9 P B 4 - a v
UAZNITAADUN Iﬂﬂi"ﬂﬂﬂﬂ‘ﬁulﬂﬂ“ﬁIWLuul‘UﬂaL"Uqcﬁﬂu

9 503 waauysel

2D

" Ay
AINIDUHATIN

= =

14
=y s ~ v A [-% = A o
IneiinusiidudunilwesmsinyinumangasdSygnirnssumansqu §iiuda

2113313 TTUABLNAADS MIATHIAINTTUADNAUADS
AuzIMNITNAAAT PNAINTEINMIINIEY
msdnui 2547
ISBN 974-17-6427-8

4

duinFvesgmasnssiumineide



ROTATION, SCALE, AND TRANSLATION RESILIENT DIGITAL IMAGE
WATERMARKING BASED ON COMPLEX EXPONENTIAL FUNCTION

Acting Sub Lieutenant Siriporn Pholsomboon

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy in Computer Engineering
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University
Academic year 2004
ISBN 974-17-6427-8



o = o

o :’ aa o o { Y
2qoTneriinug mehataeadmsugUnmnaugnmidninmsnyy  nsilsvvua

A P 9/ o o =4 [4 = a g
HAZNITANDUN Iﬂﬂ%ﬂﬂﬂ%‘uLBﬂ%TWLuuL%UaL%Q%Bu

] 4 = an o
Tay Tndounsndle A5ws waauysel
= a a I'4
1IN INTTUADURUADST
s |2 4 =Y I'4 =
919156N1U5AY7 S09PNANS19158 A5. 8150 15zl

14
o (4 a a LY s @ a a d @
AULIFINTIUMANT IWTAINT AWMLY mgimﬂlﬁ'umwmuwumuuﬁ

Y

' é o o =4 =
WudmmilsvesmsfnuinundngasSyanauiiade

q

ﬁé/'/ / = a
‘/ ...................................... ﬂmmﬂmmmﬂﬁnﬂ1ﬁﬂ§

4 = o daa
(FANT19158 AT, AN A1IUYAT)

o o 4
AUSHTIUNTADUINUIUNUD

\ ARl ~

................................................. AFIUNIT
4 a o YR 4
(919158 9. DINNY NOINNY)
NFTUNIT
a a ao 4
(fmmt‘f AT. RAUDN DPUNUINTAINU)
\/l" w/ o
Iy
....................... "’ V.. DITUMS

' 4 o [Y d.
A auenans19158 a5, Usziasy AuUsUIUUN)



aa C4 :‘ aa o o { @
ans waduysel : methataeadmsugdamnauasmidonmsnyy msdiu

3 v
A ~

e uagmsnaoun Taeldlandudnd InunBoasadon. (ROTATION, SCALE,
AND TRANSLATION RESILIENT DIGITAL IMAGE WATERMARKING BASED
ON COMPLEX EXPONENTIAL FUNCTION) 8. 11/5n%1 : 5¢. a5, @15a 29 sefil,

90 1111, ISBN 974-17-6427-8.

a a o Y o = o oy an £ [
mmuwu'ﬁﬁlﬂumsmmu'e)mﬂuﬂmimawmmm'e)auu;ﬂmwmﬂ%'ﬂaﬂmi

d’dw

14

9/ o Aan c: @

Spread spectrum  Iumsadiegluunmmzuesarnidine aflianyuzilulwmiudeurdu
@ wa L) dyo v a g ° Y oyan @ v )
e Tesorfuguauifveslenduavitduiedon dldaeihataoadenan liudls
3 v ¥
AuABNSTUAUMSHYULATMSIAAEUN Susansaauann ldvinmsilsuvue Taglis
ﬂ Y a o & ’Q A o dy 0 a 1o
udeserdonsuasmndy samadanduaueiinsziluTawunnudvesgilnmw uaglis
ﬂ v Y Y aw Fh A A% Y 4 °
dhudesodemsulaslieglunidanenisudeda Beansaaannugugeulumsfiinas
y 4y o Liswiludpals vy w S aa 4
18 wenviniudadaisuiludeslsgiamduniiulumsnsrsmanidinea Favzamse
' ¥ Ay Ady EY v d @ J v
Hwaanarlumsdunt  aaeavuilonindesldlumsdanugilamandnld wanmisneasa
] £ 4

¥y 1 :’ an a A o A Y 9 = g
uam‘lwmu'nmummm'e)a‘ummﬂuﬂwmmueummmmaw1"lﬂ'e)magﬂﬂm mumwgﬂ

S
mwazgﬂuﬂaq"lﬂuuwmq A lugasnngiauas liiFusvinla

o a a '4 aa
MAIN IMINTTUADUNUNDS auiloyonan /(Ser NQ;JRU[}V(

a a a 4 4 I
GRUREEY AINTTUADUNIUADS awefloeornsdnlinn My

Umsdnmn 2547



##457 18257 21 : MAJOR COMPUTER ENGINEERING
KEYWORD:: DIGITAL IMAGE WATERMARKING / COPYRIGHT PROTECTION /
ROTATION, SCALE, AND TRANSLATION (RST) RESILIENT /
COMPLEX EXPONENTIAL FUNCTION
SIRIPORN PHOLSOMBOON : ROTATION, SCALE, AND TRANSLATION
RESILIENT DIGITAL IMAGE WATERMARKING BASED ON COMPLEX
EXPONENTIAL FUNCTION. THESIS ADVISOR : SARTID VONGPRADHIP,
90 PAGES. ISBN 974-17-6427-8.

In this thesis, a novel digitil image watermarking scheme has been proposed based on
spread spectrum technique. By exploiting complex exponential function to generate a multiple-
ring shaped pattern, the watermark is invariant to rotation and translation, and is resilient to
scaling without the need of inverse transformation. The proposed technique is performed in
frequency domain without additional Log-Polar mapping. This technique reduces computational
complexity of such transformation. Furthermore, the original image is not needed in the detection
process. Therefore, the computational time to search for the original image and the space needed
to keep the image are reduced. Experimental results demonstrate the validity of the proposed
scheme. The watermark is correctly detected although the image was undergone by various

geometric and non-geometric transformations.
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I'x,y)=1(x,y)+c (2.1)
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I'(x,y) = { (2.2)

I(x,y) ;otherwise
A A o " A Y Y 0 o
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PGxy)=I(x-S.y-85) 2.4)
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Usznouniinnudgeludises Tawusen ¥9'ldunvey wazswaz@eanausavesglnm a

QJ

v 1 Ed
mae Ummzesmlszneuiifinnudd Mnselszinniieeliduilszdninadauiluuin Tasi

b4
o Q(

4 1 :I’ 1 o o L) o o _ o 1
HaTvesduilszAnTmaniumny 1 Aredlvesiinsosanyaziifie dullsz@nsynaaiia

) [ 1 (%3 1 d‘ -4
MINUNLA AN —N—2 luaunisn (2.6) AInso9 W%zri‘lu [16]

2.7

O|— O|— ©O|—
O|—= O|—= O]~
O|—= O|—= O]~
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o L 3
2.2.3.2 M3USumnlinusatu (Sharpening filtering)
ﬂ ° £ o 3 o Aa Ao o 4
Aumsmldnmgaudaru  Tasueniossndsznouniniuddesn v
1 P=3 3 o 3 a k) A ]
ansaveunuswazdeameluginwlddanuiu TasmwizuSnuveoy, idu, nioganie
y ¢ ¥ g L «
finsestsznnilaelidudseansanaumniunduuin venmiunmdenamuadiuay Taed
4 v v 4
HasIeedulsed@nimaniuminu 1 dlet19vesmInsesdnuaziine dudssdniainars

¥
A (Y

¥ v v
wfu N 2 ueniuimdenavuadly 1 luaunisii 2.6) @ansos Wazidlu [16]

SINASUT S 4
W=|-1 9 =l (2.8)
-1 -1 -1

P

224 msﬁué’ﬂgﬂmmmu JPEG (JPEG compression)

msfiusaginmuuy PEG dhanaspusesmsiiusaglnmiidonldsuluilagiu
FaamsodusagamldinnadangdinnTaelimldauamuesgunmidell Tasuins
LY JPEG 5ﬂmﬁnﬁuﬁﬂgﬂmw"lﬁ"lué"ﬂﬂdmﬁ'mﬂﬁa 40 %o 1 FegmMNVEIIUNH
ﬂzqﬂgtﬁﬂ"lﬂtﬁwﬁﬂﬁemmﬁu [17] ethalsA@ assuIEmsbivdagiamuuy JPEG afi?
annsanseh @ Tao i ldpuameesgdamgapdell  Fsdesii¥anuaunsovesnts

flusaaanalildne [16]

td
~ o

wasgunsiivdagamiuy JPEG  ffidanesiulunmsduiney 4 wuy fe
Sequential, Progressive, Lossless, tia&li1J1 Hierarchical Tasnoandss LU Sequential 1o
g Yo Y as o 1 ° ' -] F )
dunumasguiléiu - danestudendnnszilasmisginmeenidlundenn Iiivua
& A g o 3 o &
8 x 8 aapaian v Tasfiudazudenvzgniiumutuaoudsae 11 [19]
{ ! -] ° o

1. mafagand  uansudenvesgilnmazgndiuan Taolddaidumsudas
A ' . i & ° I 3 as a
ANUDNISBNI DCT (Discrete Cosine Transform) “Ifwz‘l’lﬂﬁvlﬂffilﬂﬁzﬂﬂ‘ﬁ

~ T -]
¥99A2 WD lunAazyaveILden

Q‘ GI

2. masuludafsmna fulseAniaanarvegnilsuiogludndidmua uag

f‘iﬁmmmﬁﬂs:nﬂuﬁﬁmméqqmﬂiun%‘mﬂ&uqm‘m duduqfiviofoy
gﬂm"lﬂh’l’ﬁﬁﬁ“luijﬂumauﬁ 3 ung 4

3. muthsia DC Huffman Farlsz@ninnudndanugalimnezgmimudh
sHa lauNuU9INAI3195Hav09 Huffman

4. MW AC Huffiman wadwiqavhoszgminnialminniioglugdvecer

d aaq ¥ daa A 11 1 o )
150 2 dadegluglveseusdudmus Tasnslamaugame ludnvazady
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] [] b4
Huilan (Zigzag) Aeg 22 mdeqiigniwnGesiiozgnidhsvaldeglugl

' 3 < Q’
youAydIuBNASDRzIaS T uanysel

11516 (14|15(27|28
1311626 (29|42
318 (12]|17]125(30(41|43
1118|124 (31|40 (44|53
1011923 (32(39 45|52 |54
20122133 |38|46|51|55]60
2134 (37(47|50(56|59 |61
35136448149 15715862163

] El
g 22 Srdumsdsaludnvueiiudaivestunsugaisveenszuiunisiiudagdnm

1wy JPEG 1aeld AC Huffman coding

ptnlsfa  dwdilumsiiudadiudasndnannquzi idgunmeesgilnmgude
1 as - 5% o o o @ . 4
lufhe udnssuITuuy JPEG AdaaunsasinsAiunaumsiusa (Decompression) o lH 16

silnwisigunmindifeusudy1adndae [16]-118]



MeiININDA

3.1 vanmideudeyauazaeniinsnen

3.1.1 nanmsvoutoya
' £ o [} o'q g/ o
mygoudeyaluilegiugniwnlsegnaldluaunainlsaan  sawsedwun
Uszinnueamsadeudoyanningiseaad 1dil 2 fauuzie [3]

1 ¥ A o 2 S = a 1 y
Q ﬂﬁ“lfﬂu‘\lm;l,aLWG‘UWVMSWUEWLﬂUﬂ‘HSﬂﬂlﬂﬂ’nuﬂﬁlﬂﬂ’ﬂ\i‘lﬂ msmaumagaﬂlu

Y

=) ) ° A Y a0y d'
nymzunﬂ(ﬂmmi‘uu‘nﬂmagammumﬂawuﬁa Llazﬂﬁﬂlﬂﬂwﬁﬂﬁ'ﬁlﬂu“ﬁﬂgﬂ

o o 9

=2 A o ' dyﬂ 9 d'ﬂ d 1 1 [ : [}
HNAIUUTDAINATIIUL HydYant uﬂsﬂwummwmmm AUUNTYDU

U U
9 1Y dy& nm Y w 1 9/ A ° ] 1
Joyaludnuuziiaslylddesmsanuilasadenenisgaud lunievhaoudeds
v
ln fMedsvesnisvoudeynludnumsiildun Feature tagging 4az Embedded
. ﬂ [
caption lUHAU
[} kY d’sl [ ] T 9/ A Y
o msaeudeyafidesnisnnuilasaduges wumsaeudeyaifiuniudy (Secret
[ 4 = =y Q( g :
message  hiding), nIsFEUteyaelFuTaIdYENTANUETwesluFerTy
(Digital ~watermarking), AneAIUMITOUdBYAINERs IV ABLAAM NS AN
4 . e— - — ﬂ Yy 9
wilaand v (Media authentication, Fingerprinting (48 Tamper proofing) 11/ UaY U9
a o (] [ dyw ﬂ P 9/ : A @ W U4 9
yangnrinnaou ludanyaziinduestennudug  viedydnualviiadng
& ' a Y ' o
Fadnansanuasmuaemsgnaldsundawd lviugdiuuaegge  Malaseaun
waz ldau
a ' 9/ : 9/ d'd o ] Y an é
Tagnanmsusanisyeudayatiy - Jeyanmeninszgniinisgeuailudedinoads

3 £

1 o ] P [ :
MHEA IHANHULUDININE (Cover object) Tasmsulaswiasesnilseneuvasderiuliion

v 4 4 ] o o 1 @ 1
Agamnzdlulalle e lilddluidunmdvveanyudld nisdoudoyadandietsd
M3 19598 (Secret key) Ysznauiumanansid1sHe (Cryptography) tiaiiun1uilanany

3 o Y ] @ Y a v z
THuntunld Taedoyansnanszawisadenduunld Taedanesfumwizminiu [11, [4] ms

1 Y @ dy Q’I’ =4 ' A . ge y A 9k

Foudoynludnumeiiu1nsuSond Steganography 139 Data hiding donamisaldlums
' Y “ﬂ A a A ad a o ‘ij y 4
Foudoyatlsznovervdluginim, nmndeuln, e, niownaisdiannsotiad Wludu &

Y s

N [ £y A A v o 3 ' A : [
doudazilsziamernldmataiiuandaiuliivegivguanivesdolus  ludmvesa

[

4 ]
Fotwinsauawizdedszanglnwdlundn
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3.1.2 aenihifdnea
J aa L. ﬂ & 1 ¥ 2 o a Vo
awATnea (Digital watermark) (ugtuvuniisvesmssoudeya Fainteuldnu

A ] 3 (] P 9 A a < 9 9 o o 1 dy
sinmiegoudeyauisedisiilduaasfudniaruiuives uazdivgailszasidnani

Y U

&2 o a vado o A

[ 4
o ldmeihdiaeasuiiussdediguamiaidfydeiinnunmugedenszuaumsuilag

a4
14 v
Y o =N

anqfinseidudde 'é"u*n:z'hNa"lﬂmumﬁ%mawauﬂgﬁugmﬂﬁuuuﬂmuf’{"lm"lﬂﬁ'w W
Tagauuas lwaut $218ud [7]
o mslszuramadymiall  (Signal processings) 14Un  Digital-to-Analog,
Analog-to-Digital, Resampling, Requantization (Dithering and Recompression), Wag
Common signal enhancement (miu n151/54 contrast ua:?mmgﬂmw) Lflué’l'u
o snudadeuduAannmsissnanadugilamlusausvinga (Geometric
transformations) 1&un ’msmgu (Rotation), ARERIEAILTRL) (Scaling), msmﬁ"auﬁ
(Translation) UAEA3AALGAIYBI31A M (Cropping) 1ludy
o wmnsudiwsimonieasuuaainiAsnea (Subterfuge attacks) RuA
msﬁmwﬁyﬁ%maﬂaan%@umuu;ﬂmwﬁﬁawﬁwﬁ%maamjﬁauué’a 130n13
imizsane3Tuiesumdnmistesmouaza e Taoas dudy
ﬂs:mums"lumscﬁau%gan?ammﬁlﬁﬁma Uszneudis 2 dau Aenszinums

v v
FOUAWUIAINDA LAZNTZTUIUMTATIMIAWIIAIAea [1], [S]

3.1.2.1 ASZUIUMIBOUMBINAINDA

¥V v
sUuuvveInszIIUMITBUAITIIAYARaas lugUnmLaasdegh 3.1

Image I
& T Watermarked
Embedder Image I’

Watermark W/v

d' 1 oy an
3N 3.1 suunvensTIUMIFOUAWINATABA

o 9y b3 Qs :l aa v s ]
dmuald 7 unugdamaunitiv wag W unuainihasneauad juUamamumsseu

v [
U11Aea I e NSOUARIRIANNITN (3.1)

I'(x,y)=1(x,y)+W(x,y) 3.1

Tawit 0<x<X-1luaz0<y<Y¥Y-1



16

3.1.2.2 ASZUIUNITATIOMIANEINIAYMeA

¥ ]
siuuvvesmsasemmmhatneannglnmwlas uaasdegili 3.2

Test Image
J
Detector —» Di:flj‘t:d
Original e

Watermark W

v 14
31 3.2 plusyvesanszuduMIAsIIIAILIATARA

fmuald J meﬂmwmmmmsmmma%mmummma mmwmummmaau
wiolinld uaz m%muﬂiv'uaumiLﬂauuuﬂamﬂ"lmmneu msmmmawmmmammﬂ
amasnanannsonsyildlaonsfnaimanduius (Corelation) sendisglam J

9 »
fummidIneadualiu W dsaunisn 3.2) [7]

X-1

~<

> J(,9): W (x.)
= (3.2)
J(x,9)J" (%, )

<

sim(J, W) = = T .

Q
& ><
L
e '<
é

Taoft W™ (x, y) waz J * (x, y) AvAduna (Conjugate) Y03 W (x, y) uaz J (x, y)
WA
Y = ) °y aa = a o/
amuldmuudguniglaw J uazaerhdsaea W fnsnsznofiudasyainduni
18 N (0, 1) (o N (g, 6) n¥wdean1snsenouuVLn@ (Gaussian distribution) NiiAuRAY
(Mean) AU # Hazanuulsdsau (Varance) iy o) uda i J uaz W litinany
FuRussuuda sim (J, Wy aziimsnsznodu’ldam ¥ (0,1) Ao (7], [20] Tamszagilh
(Y v dd :’QQ 1 1 o fan ¥ , r— S T
sinmAsnaniiamihasnea W mauegmﬂwaamm"lﬂ%m sim_(J, W) uaunninm
1 Q o 1 QU é 3 ]
Threshold & Nfmuall Au [7] Amualdl 6 = 4 + 6 o WTadY 6 FahldTaves
¢d o A4 o 1w : det ° ' o 1 ad e
nlefiFudaudesiumiigy 99.999999%) 191N msdmuamiues § Aendrtdiuegiu

AMuAaen1s luszAaun1 MU 199D (Confidence interval) WIntlouieals
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3.2 matamsdewmennnansavuglamililudogivu

3.2.1. Least significant bit replacement

v 4 ¥
Least significant bit replacement 1ilu3%amsifinuifadiugiuiige Tasmsidhludly

v
4

v ¥
dadige (LSB) vewmazinwanmulugilnimiaenss dremsunundlsuaaziavesaneri
aa A o ac { 1@ T o ]
avmea [1, [21, [4] wag [7] Feriudniluatmsi lWwdudeunas ludeensmssiuaauin ualy
= @ ' o Y ™ ac Ada &
vauzipgItuAnUMuiemsgnddoumlawd lvuudaginmeeditmsinlidesinnnse
14 & =Y ° : an o o 3 1 1 @ a o
unp'lifime Falumaidnnsihani@ineafivauniulugausnqdiulngszerfouuifads

na1atl [21]

3.2.2 Patchwork
act a an ) =Y d‘ ] 1 =Y =S v q'
fuitnadada  aeldsuaguihudazinmamelugdamiisnnuahamie
¥ ¥
du 0 uazdludaszaindu dufumnimsidenfinaaduuinnuasngu (a uaz b) ot

o

quuda wadavesAundsYBInIAINNINTaBInguadsiiaud1 1nd o Aeaunish (3.3) [3]
X,-X,=0 (3.3)

) ) ¥ v

o X, uay X, UNUAMUAINR A0V INNanIueN@enInuSne a uay b au
8191

;) o A oo 1 ag dy ° 9/ 1 1 J a
1NVBNAI5IANA  1UITMS Patchwork HEHINIsUA luannuansluusazin
Q’/’ T 1] v (-] l:' i A =) 1 L] é 1]
ravassaengulfunngiaiu Taomhmsmnivesudasfinalunqy a A1 a Fuilus
° o o v ] ° ' ) =) Y] o :: o ot
Touq uazlusieuduidudaaswowaazdwmuslungy b Aeardedrdu duiunadwsa

marSannaumsi (3.3) nasi
x,+a)- (X, —a)=2a (3.4)

1 ° oo a o o v d Y {
avazawmuaininsud lulufesnanfnaadlusiady (Secret key) fitih
g y A v a da a Y LY }y o ¥ ag dy
vasgn iy BieldAguidudnsuudiglnmiumends  drennududeuvesdtmsil
2 o q Yas A ' ' a 2 ' dea a o
et It msfiiaamumudenssuiumsulasdepiuuiniy  edelsnd  F3msee
T 1 o o a o v 3/ A A ]
aanannsasessudunsulaafusnadaniegld  iesnindlegilnmgnilszuiam

(Interpolate) 13 vevh lvimanuaielndildluueasdunvaddsundasldnnigy
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3.2.3 Texture block coding

aa g ° ' & T P
AEnsiinsziilasmsiasnerdiuvitauoanin i I udndrunilavesnmng

Y ¥ 2 W & ﬂ ° 3/ ei s a 3 o 1 Y a
anyzanateiy Fezilunamlimaaldouuladlagiinadudugninezdanaldusiog

¥

v Vv
Mageananan ldsunansznuludnuaziferdu AMSUNTTUIUNITATIVHIAWHIUY

v o

A150052711 14 Tasms A amisandunusuuuse Tuia (Auto-Correlation) [3] i

¥
da ac =1

act et J 9/ v v A Y A
aﬁmswuﬂmwumuﬂaumeqe 'E)EJ'Nvliﬂﬂ aﬁmsumwﬂmwmﬂﬂszms 1o
124 Y @ @ A o asl a P a a v
Q vlﬁJiJﬂﬁrl‘]ﬁ‘H’dﬂ‘]J“r'iiﬂ’E)ﬁﬂﬂiﬁﬁJWlﬁH‘]Nuﬁﬂ\‘iﬂilﬁ‘Vlﬁﬂ]f)\ilﬂﬁ]f)\ilﬂﬂ']zlmzﬂx‘i

o 3 o A b4 2 o 1 3
Q mm'snﬂi::m"lﬂnummzmagﬂmwmumuﬂmﬂﬂmnummu

S 9 =

14 ]
o MIAsImMaalneasIvRana1a 1 lunsainglnmiidaunndwndeiuTay
1oy
v > ¥ ' 14
a =Y -1 A a A ¥ A o/ o )
o lutunsumsAnssaeniurmilndmesdumelugdns iy nszilaoms

Ansanvewyudes limusonsyyilaode Tul@la

3.2.4 Spread spectrum watermarking
' d aa ) a ac daa ac
msgeuminasnea lasldmaiia Spread spectrum 1u3Emshiianununiugs 33
MIAINAIIAINUAMINEYEATH (Modulation) TUTzUUTOA157UNT Spread spectrum
technique 1as3tmsasnanldunaniunisvssesdygia (Bandwidth) Mnniildly
mafiamsvequasuuuudy  sudlunadhldawisasavuiavesdyanaidalundazsag

= ¥ ° Y 1w ¥ a W t [ by A o

amwdadld  dldnsdsdygiudiemainninaiasaesu ldeinidiesonseaudynialu

v
=t e -

1 L] d' 1 L | o o A ' o v
uRazguANUalTTALAIN (egluszauRunudagiasuniuiiled laena i luzeq

1 d
é wa o) L

@ ° o ] :‘ an
dyano) [22] SguautAouiiawisaiwnlsegnaldlunmsseumeiaiaoanluglnm
18 TasmsinrsanglnmndsanisdeunlSonadouresdygrunziinsdedoya luvug
= 4 a <2 A @ A é d'dy uy
nuazRnanelugdniwalssuedoudyyasunaulussyuioars galuntiarwin
] ] 14 14
AvneavzilSvulounudyyrudoyandoenisds puantiandAyveunaiiniine atwi
an : 1 Y ' o o O a X &
Avmeangnadouaslugdnwilszdes i ldnadninldndsmladlddlundunald s
aeandesnugMauAveuUNATin Spread spectrum AINa1Id9AY Tawnsldmaiindand1n i
Y] ] oy aa [ Y [] (% d'; = d' o 9/ T
Tdmanuaiesaivihidiaeaminisamnualdeglussdunduiivaneozinld
o o ¥ wad o @ & a

ansadunamuld wenvniinuauiandiAgdnlsznisuilsueunniia Spread spectrum

A Y 4 = 79 3 A ' J ma
Aollnnunanuaedyusuniugs  Falunsdluesmsdszyndlfivenmsdeunstiainea

9 9 ]

willuwavihl¥anidisealinrununudensyuaumsilszuananiw Welunsdifinsesh
= A o @ :‘ A 1 oA a A ¥ o/
TasiinaunRomsiiaedianimngousy uazlunstiou q ey Wowaluaumslsy

530 ieienmsanvuiavesdoya ludu (7]
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b d
mssoudoyalasiins Spread spectrum awsauaas ldnseumsae 1

N
I'(x,y) = I(x,y)+a) w,S,(x,) (3.5)
i=1
Tagh a = mfmuanNuduYeIday g1t (Amplitude factor)
N = 3IUIUYBITHA Spreading code
wi = deyafivzvoudiud i
S; = Spreading code G1AUT i

dmfumsastnuariuerdeyansuiumiy deya , lanszawnsafenduinld
Tavldauns® (.2) etaelsiia Femstinavelu 7] feidedelusunsumsnsmannt
Aimen dilunsdifgamidimunszuaumsnlasunedian Tasmwiznsn/feuulay
CATRETRL LT ﬁwnﬂu%w’fmﬁmiﬁuﬂﬁ'ﬂﬂizmummﬂmﬁtﬁﬂﬁuﬁ'ugﬂmwﬁu aFuryug
AMNFURIERY -0 winmwdananganiyu lvaunuduilugy 0 dudu) Famlduaa

o g

sudoulumsasrvasy Tasmwizagraoslunsaing lune luamuisonsiumveamsiunsy

a9

a 9 s o J o & kY = [ I3 4' o J
Auiaseld  lunsdaisenansuiluszdosiinismaasiussuniwevinmsyssanaaives
o v o [ dy 9 ad o v @ o 9 kY 9 s
ATTUIUMINUNATUAINATI UBNINTILATD oﬁmsmnmammsi‘lu%zmm'l%gﬂmwwunuu'lu
= = A :'nn a g 4584 slay P~} dsiv a v o
msulSeusumensroviaimidineasnay e inauadouiionlunisdaiy aasau

a1 lumsdumsdamdandindag

3.2.5 RST invariant digital watermarking based on LPM
Rotation, Scale, and Translation (RST) invariant digital watermarking based on log-polar
. ad = g9 ¥ a b @ ' Y
mapping (LPM) ﬁ‘_luaﬁmmﬂszthmﬂuﬂmimmmm‘u Spread spectrum 3INAUMS
' o 4 -
wilasuy iinlsiu (Transform-based invariant) Felu [9] MdmsulaauuSes (Fourier

¥ i 4
transform) TUNARRNTEUTIT) (Log-Polar coordinate) W15 1aun15Ae 11lH [17], [18]

Fauw) =235 10,) {57 (3.6)
u,v)= XY &4 x,y)-e .
X-17-1 j2”[£+”_y]
1(x,)=Y.> Fu,v)-e * 7 (3.7
x=0 y=0

Qd

o F (u, v) Aoduilsz@n5018910 Fourier transform vae3Unn I (x, )
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M3AABUT (Translation) TaqueaginmwluTamuiln@ (Spatial domain) v211MiAR

[ v } 4
malasunilasiulawua2ud (Frequency domain) w1z ludvve ud ey deaums

—jan| Bo P
I(x= x5,y —y,) & F(u,v)-e (5 ) (3.8)

MsHYU  (Rotation) weszUamlulanmilndvinlfiAanadnsisudoadululanm

AND AIANNIT

I(r,0 +8) & F(Q,D +5) (3.9
,
die r, 6 uﬂué’num‘iﬂmiuﬁﬁ'ﬂﬁﬂ% (Polar coordinate) NAoAARBIFUR MM
(x, y) TusnaFadu (Cartesian coordinate) v lawuinaiag (2,@) unudwmislusinags

¥ v
indeandesi (u, v) Tuiifadauduveslamuniud

msUSuuna  (Scaling) vesgUamlulamuilnairlviifansiundunisdSusing

(Inverse scaling) 11 TAIUAIND AsaMT

1
I(px, py) & —F[l,ij (3.10)
ol \p'p

- d | 4 { { o g @ a [
nnaun1sh (3.8) wwwu ldnmandeunlaqinaduiuglamluTanulndes Tida

v 1 o a { - Py (4
Taqaemdu-Uszaninldnnmsudaslulamuniud @eimsasulasnmeluesd

k4
LYY

&« a da oo o as 4
dsznovveavalulamuanunmii) astiulumaianunsMwIMmIaIniaInoan
] a8 Ao P 1 Y A = o wa & wa o
nsziluTawuaudleddnyus i lindsdumunisindeun Taudn luild Faainnuauiaag
1 dy =2 9 a a 9 :‘ an = (Y
na1il Tu (9] ReldaueumamanumyTumsaianinsaoan luduu smumsnyuuaz
E4 /] v

mstSvauialasmsilsugduuuvesnszuumsnsaesdeglugduvuvesmsmdoun Tay

fmuald

h=e" cosd (3.11)
k=e"sin@ (3.12)

Tauit (b, k) e R e Ruaz 0<0<2n
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AMHUY (h k) ‘lﬂq“luwmmmmwumtmm (/1 ) Tufifaaen13sudes (Log-
Polar coordinate) ﬂmqﬂummmtmuqmmmmu muufﬁvmummqmmumiﬂmmmﬂ
mauﬂaﬂmgiu5:1J1J°wﬂﬂaamiﬁummmﬂan&)z"lﬂm'dumiﬂ (3.13) way (3.14) aw

a1l

(hcosS +ksind,~hsind +kcosd) < (u,0 +65) (3.13)
(ph, pk) < (u +1log p,0) (3.14)

{ [~ v [y P
INAUNISA (3.13) way (3.14) %zmu"lﬁ'mﬂizmumimuuazmiﬂiwmﬂimﬂ
¥
a K w

a o a 9/ = [] Y a d‘ d' oo af o 3
wavunusdnmlundadadullnfszaemalvnanmsmasuin lunnaasn s 5udava tazan

Y
]

& a L{ < ' z 4 4 1 ' o a A
aunsi (3.8) Fangalldudinsmdouinlaquesgilames lidaddmdulsz@niinlden
a a { [ : (L T Y
msulasluTanuanudifanisnlaounilas dniulasnisilssgndldnsualasuuy luwlsdu
aw ax a o d ° 9 J aa 4 4

Tuszuunfaaemisuwavatiesiiliawihaiaeaainsagnasioany laluTawuanudaTae
1y A o o & a ¥ o 9 Aaw o 1 P Y
Tideddinszuaumsdunay Falupsdivesms IdmsuilasyBes luRdadenaneslnaminy

[ a o P
3 19msualasyiSos-wafy (Fourier-Mellin transformation) A4aun157 (3.14)

21 ©

F, (u,v) = I Jl(e“ cos@,e* sinf) - e’ Pdudo (3.15)

q o a A o a & [ 4
e Fy (u, v) foduilszansh ldvinmsuilasyfiSes-wadu d9lugad (Modulus) 0
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3.3 lyrivesaiihanea
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3.3.2.2 Mosaic attack
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3.3.2.2 Mosaic attack
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4.4 msﬁqaﬁqmamﬁ RST invariant
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4.4.3 755U 35UTVVIA (Scaling)
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4.6 Usz@nEmnvesdane3iu (Algorithmic consideration)

4.6.1 LPM-based technique

nngilit 33 Tuunii 3 weaadiifudunaiafil95Ensdnandseneudienszuan
M3 luMSAIUIUNENY 4 ASLUIUAS 1AUA Fast Fourier Transform (FFT), Inverse Fast
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TaduauvasnuFudoulunsfuist (The order of complex multiplication) [30], [31] 484
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Detect 1py (J, W) € O (2 x XY log , XY + XY) (4.20)

4.6.2 Complex Exponential-based technique
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3 1
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4.6.3.2 NITUIUNMIATIVMAIWIIADABA

D
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4.7 QUNNABNIINOUTHYBINAANS (Perceptibility)
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5.4 M35vu1A (Scaling)
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5.7 m3l3umIdanuuesd (Contrast adjustment)
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Picture Dimension PSNR Correlation |
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Rotation, Scale, and Translation Resilient Digital
Watermarking Based on Complex Exponential
Function

Siriporn Pholsomboon and Sartid Vongpradhip

Digital System Engineering Laboratory
Department of Comput%r Engineering, Faculty of Engineering
Chulalongkorn University, Bangkok, 10330 Thailand

Abstract - In this paper, a novel digital image
watermarking scheme has been proposed based on spread
spectrum technique. By exploiting complex exponential
function to generate a multiple-rings shaped pattern, the
watermark is invariant to rotation and translation, and
resilient to scaling without truly inverse transformation
needed. The proposed technique is performed in regular
frequency domain without additional Log-Polar mapping
required which can reduce computational complexity of
such transformation. Furthermore, the original image is not
needed for detection in this technique. Experimental results
demonstrate performance of the proposed scheme that the
watermark is correctly detected although the image was
undergone by geometric and non-geometric transforms.

Keywords: Digital Image Watermarking, Copyright
Protection, Rotation, Scale, and Translation (RST)
Resilient, Complex Exponential Function

L. INTRODUCTION

The rapid growth of information technology makes
accessing information much easier than before and causes
many multimedia data needed to be protected from piracy
at the same time. Researches on copyright protections
have greatly been spent in these several years. This leads
to an application of digital watermarking that embeds
small information about copyright or ownership without
introducing of visible change on digital media.

Many robust digital watermarking schemes for
images have been proposed, mainly based on spread
spectrum principle {1]. Some of them are invariant to
RST (Rotate, Scale, and Translation) transformations in
which no additional inverse operation needed in detection
[2]-[4]. The schemes are performed in log-polar
coordinate of Fourier domain called Fourier-Mellin. The
concept is perfect in theory but very difficult in practice.

Those techniques require additional Log-Polar mapping
(LPM) and inverse Log-Polar mapping (ILPM) beyond
fundamental frequency transformation in both embedding
and extraction processes. As described in the literatures,
there are many difficulties and problems in practical
implementation. Furthermore, to obtain an adequately
fine quality of embedded image, the resolution of the
LPM and ILPM at least 256x256 must be used [2]. As a
result, sophisticated algorithm must be investigated in
order to avoid unacceptable computational imprecision of
such samplings. This is clearly additional complexity
other than essential watermarking process.

In this paper, we propose a novel watermarking
technique for digital image that is invariant to rotation
and translation, and resilient to scaling. The
watermarking pattern of this technique is created from
complex exponential function with random phase as
spreading code. Embedding and detection are performed
in frequency. domain, i.e. discrete Fourier transform
(DFT). The watermark has-a multiple-rings shape, which
is not exactly circularly symmetric. This is contrasted to
the circularly symmetric watermark technique as
proposed in [5] that their watermarking pattern is
constructed from a binary sequence ({-1, 1}). To allow
for arbitrary rotating angle, the watermark pattern along
each ring of their technique needs to be kept constant.
This greatly limits the ‘spreading’ capability of the
watermark pattern. As a result, larger watermarking
pattern is needed to achieve reliable detection [6].

The technique proposed here can reduce complexity
in not only the inverse transformation needed, but also
additional calculation for conversions between regular
frequency domain and Log-Polar domain required in
those LPM-based techniques. Furthermore, the technique
does not even require an original image in detection
process. This can reduce unnecessary computation time



of searching for the original image. However, the
technique can also be applied in spatial domain as
described in [6].

I1. PROPOSED SCHEME

The proposed watermarking pattern is constructed in
circular shape, based on spread spectrum technique. The
watermark is separated into rings in which each one
represents each spreading code of the watermark. Fig.1
shows an example of the pattern.

Fig. 1: The proposed circular-shaped watermark.

Let (r, 6) be a position in polar coordinate with a

corresponding (x, y) in Cartesian coordinate. By
exploiting complex exponential  function, the
watermarking pattern is represented by

W(r,0)=e' @) (§))

where @ and ¢, are arbitrary angular frequency and
random phase, respectively. Let R be radius of the
outermostring, 1 <r<Rand 0 < 8<2r.

Let f (x, y) be an image of size M x N, the DFT and
the inverse discrete Fourier transform (IDFT) of f (x, )
are defined as follows [7]:

Fan=-15% ) ;i) @)
’ MN x=0 y=0 ’
f(x9y) = MZ_INZ_I F(u, V) . ejz"[ﬁ+;]. (3)

The watermarked image F ' (u, v) in frequency
domain is obtained by

F(u,v) = (Fuv)|- (L o (x, ) €24 @

where |F(u, v)| and @ (u, v) are Fourier spectrum and
phase angle of F(u, v), respectively. a is a watermarking
strength factor. Note that W (x, y) may have the same size
as that of f(x, y) or smaller. In case that the watermark is
smaller than the image, zeros must be padded to the
outside of the watermark as wrapping around. If the size
of the watermark is too small, then only the high
frequency components in the magnitude spectrum of
image will be embedded (see Fig. 2 in Section 4). This is
contrary to [4] and [5] which suggested that watermark
should be spread between the most and the least
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significant frequency components in order to keep
robustness against lossy compression or filtering
processes and fidelity of the image at the same time. For
our proposed watermark, the larger the pattern, the wider
the range of magnitude spectrum of image is embedded.

To yield the watermarked image f '(x, y), simply
apply IDFT to F' (u, v)

J'(x,y) = IDFT(F"(4,)). %

Detection process for the presence of the watermark
can be done without needing of original image which
avoids unnecessary computation for the searching. Let
g (x, y) be a possibly watermarked image, we have

D(u,v) = log(1+|G(u,v))) (6)
as an intensity displaying function for Fourier spectra of
g (x, ¥). The watermark is detected by computing the

correlation between D (u, v) and the original watermark
W (x, y) by using similarity function [1]

M-l N-

Z- Z_ D(u, V) . W'(x’y)
sim(D, W) = ===

\/Mz_lf D(u,v)- D.(u, v)

u=0 v=0

Y

where W * (x,y) and D’ (u, v) are the complex conjugates.

Assuming that D (u, v) and W (x, y) are
independently distributed according to N (0, 1) (where
N (u, ®) denotes a normal distribution with mean x and
variance o¢°), then sim (D, W) will be distributed
according to N (0, 1). This watermark detection function
follows that of [1]. The watermark is successfully
detected if sim (D, W) is greater than predefined threshold
d (for example, 6 = 6 as suggested in [1]).

ITI. RESILIENT PROPERTIES

To show how the described watermark is invariant to
translation and rotation, and resilient to scaling, consider
the properties of the Fourier representations below.

A. Translation invariant

Shifts in spatial domain do not effect the magnitude of
its Fourier transform [7]

fG=%0,7=1,) & Fluv)-e A @)
F(u,v)- ¢’ ”[m”%] =|F(u,v). )

It is clear that spatial shifts affect only the phase
components of an image, which is known as circular
translation invariant [2].



B. Rotation invariant

Rotation in the spatial domain causes the Fourier
components to be rotated through the same angle in
frequency domain [7]

f(r,0+6,) & F(Q,0+6,) (10)
where (€2, @) is a corresponding polar-coordinate point of
(u, v) in frequency domain.

For any rotated angle &, W,' (r, 6) can be rewritten as

Wg-(,.’e) = gl/@@+e)+4) (11)
Correlation between the original watermark W (r, 6)
and the rotated one W' (r, 0) is defined by

b4
W(r,0)o W, (r,0)=| [e /). ef‘“’“’”’*"f’de\. (12)
6=0
I 4

By using standard trigonometry and the well-known
Euler’s formula, it can be shown that W (r, 6) o W,' (r, 6)
= 27 irrespectively of the rotated angle ¢. This is proven
that the proposed watermark gives a constant result of
correlation without additional inverse rotation process
required.

C. Scale resilient

Scaling the image in the spatial domain causes an
inverse scaling in the frequency domain [7]

Fax,by) & LF[E,K} (13)

lab| \a’b

As the pattern of the proposed watermark has a
multiple-rings shape in which each ring is constructed by
same property, i.e. same angular frequency, but different
random phases, this implies that inner and outer rings are
scaled versions of each other. Consider the correlation
between two different rings below

27
W(r,0)e W(r,0)= Ie"‘“’"*"") /@) 4o

6=0

(14)

By using the same derivation as that of equation (12),
the result of W (r;, ) o W (r,, 6) = 2z, regardless of
random phase ¢, This is shown that scaling the size of
the pattern does not effect the value of correlation when
consider to a particular pair of rings. Thus, if the
watermarked image is scaled, the original watermark
does not need to be resized correspondingly to the new
size of scaled image in detection. However, in practice,
the new size of scaled image will differ from the original
size of watermark. Therefore, if the watermarked image
is enlarged, zeros must be padded to the outside of the
watermark to avoid wrap-around error. In case that the
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image is reduced, then only center of the watermark of
the corresponding size should be cropped and remained.
No further sophisticated calculation is required before the
similarity function. The property of such multiple-rings
shape is not exactly ‘invariant’ to scale, but rather
‘resilient’.

IV. EXPERIMENTAL RESULTS

In this section, we illustrate performance of the
proposed scheme against scaling, JPEG compression, and
rotation.

We first performed experiments with scaling. The
proposed watermark was constructed using (1) with size
R = 256 and angular frequency @ = 32. The watermark
was embedded into original image Lena of size 512%512
using watermarking strength factor a = 0.2. The
watermarked image was imperceptible without the
original one. Fig. 2 shows the original image and its
watermarked version with their Fourier spectrums.

(b)

(c) ' d
Fig. 2: (a) Original image and (b) its Fourier spectrum.
(c) Watermarked image and (d) its Fourier spectrum.
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Fig. 3: Experiments on scaling.



The watermarked image was resized by different
factors with step of 2.5% from 50% to 200%. Fig. 3
shows the similarity value obtained from each scaling
factor using (7). As the result, the watermark was
correctly detected at all scaled sizes, using detection
threshold § = 6. Note that the value changes up and down
alternatively due to incompletely matching between rings
of the original watermark and the scaled image.

We next experimented on JPEG compression. The
watermarked image was compressed by quality factors at
75%, 50%, 25%, 10%, and 5%. Fig. 4 shows the result of
similarity value.

Caorrelation
"
o

T S S S U
o 10 20 0 40 50 60 70 83 %G 100
JPEG Compression Quality {%)

Fig. 4: Experiments on JPEG compression.

Finally, we performed experiments with rotation.
The outside of the original image was padded with zeros
to the possibly maximum size when it is rotated. In this
case, the image was padded to 725x725 as shown in
Fig. 5 (a). Second watermark was constructed with size
R =362 and w = 32. The watermark was then embedded
into the padded original image using « = 0.2. Rotation
was applied to the image at various degrees with step size
of 5 degrees from 0 to 355. At each step of rotation, the
image was cropped to the original padded size as shown
in Fig. 5 (b). This obviously removed some watermark
components off. The result presented in Fig. 6 shows that
the watermark was successfully detected at all angles of
rotation.

V. CONCLUSION

In this paper, we proposed a novel digital watermarking
technique that is invariant (o rotation and translation, and
also resilient to scaling. The described technique has
circufar shape with multiple rings constructed by
exploiting complex cxponential formula. Experimental
results shown in Section 4 demonstrate performance of
the watermark that is robust against all angles of rotation
and reasonable range of scaling. The watermark was
correctly detected without inverse transformation or
original image required. Further ecxperiments on
translation and filtering have been investigated, but are
not reperted here.

(1]

[2]

[5]

(61

[7]

(a) (b
Fig. 5: (a) Padded original image: {b) cropped rotated one.
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Fig. 6: Experiments on rotation.

REFERENCES

I. J. Cox, J. Kiliant, T. Leighton, and T. Shamaon,
“Secure  spread spectrum  watermarking for
multimedia,” IEEE Trans. on image processing, vol.
6, no. 12, page 1673-1687, 1997,

J. J. K. O'Ruanaidh, and T. Pun, “Rotation, scale and
translation invariant spread spectrum digital image
watermarking,” Signal processing, vol. 66, page 303-
317, 1998.

C. Y. Lin, M. Wu, J. A. Bloom, 1. . Cox, M. L.
Miller, and Y. M. Lui, “Rotation, scale, and
translation resilient watermarking for images,” [EEE
Trans. on image processing, vol. 10, no. 5, page 767-
782, 2001.

D. Zheng, ]. Zhao, and A. E. Saddik, “RS8T-invariant
digital image watermarking based on log-polar
mapping and phase correlation,” /EEE transactions
on circuits and systems for video technology, vol. 13,
ne. 8, page 753-765, 2003.

V. Solachidis, and 1. Pitas, *Circularly symmetric
watermark embedding in 2-D DFT domain,” /EEE
transactions on image processing, vol. 10, no. 11,
page 1741-1753, 2001.

N. Chotikakamthorn, and S. Pholsomboon, “Ring-
shaped digital watermark for rotated and scaled
images using random-phase sinusoidal function,”
[EEE region 10 infernational conference on
electrical and electronic technology, page 321-325,
2001,

R. C. Gonzalez, and R. E. Woods, Digital Image
Processing, Addison-Wesley, 1993.



75

= TENCON 2004

Craang Mar Thenand

www.tencon2004.com

No. TENCON 2004/008
12 August 2004

Subject: Invitation letter to present a paper at IEEE TENCON 2004

Paper ID: 1305

Title: ROTATION, SCALE, AND TRANSLATION RESILIENT DIGITAL WATERMARKING
BASED ON COMPLEX EXPONENTIAL FUNCTION

Submitting author(s): Siripggn Pholsomboon and Sartid Vongpradhip

Dear TENCON 2004 author(s)

You are invited to present the above paper at IEEE TENCON 2004 between 21-24 November 2004 in
Chiang Mai, Thailand.

Please login at www. TENCON2004.com/paper to download informations about how to submit its
final manuseript and its IEEE copyright form. Both submissions must reach the organization committee
before 7 September 2004,

The registration form is also attached. Note that at least one author of the accepted paper must register
before 30 September 2004. Otherwise, the paper will not be included in the proceedings. We
recommend that you make your hotel reservation at www.lotuspskhotel.com/tencon2004.htm as soon
as possible since November is within the high tourist season here. Please also wisit

www. TENCON2004.com at times for updated information.

TENCON 2004 is an official international conference sponsored by IEEE Region 10. All papers are
peer reviewed by up to 3 international referees from various institutions. Note that poster/oral papers
are of the same technical quality. If the IEEE copyright form is submitted, the paper will also be
accessible via IEEE eXplore online publication.

Thank you for your contributions, We sincerely welcome you to Chiang Mai.

Best regards

%0 319

Ekachai Leelarasmee Ph.D (Associate Professor)
TENCON 2004 Technical Program Chair
Chulalongkorn University, Electrical Engineering Dept.
Phaya-Thai Road, Patumwan, Bangkok 10330, Thailand

Email: technical@tencon2004.com



76

ROTATION, SCALE, AND TRANSLATION RESILIENT DIGITAL
WATERMARKING BASED ON COMPLEX EXPONENTIAL FUNCTION

Siriporn Pholsomboon and Sartid Vongpradhip

Digital System Engineering Laboratory
Department of Computer Engineering, Faculty of Engineering
Chulalongkorn University, Bangkok, 10330 Thailand
e-mail: siriporn.pho@student.chula.ac.th

ABSTRACT

In this paper, a novel digital image watermarking
scheme has been proposed based on spread spectrum
techniqgue. By exploiting complex exponential
Junction to generate a multiple-rings shaped pattern,
the watermark is invariant to rotation , and
translation, and resilient to scaling without truly
inverse transformation needed. The proposed
technique is performed in regular frequency domain
without additional Log-Polar mapping required
which can reduce computational complexity of such
transformation. Furthermore, the original image is
not needed for detection in this technique.
Experimental results demonstrate performance of the
proposed scheme that the watermark is correctly
detected although the image was undergone by
geometric and non-geometric transforms.

1. INTRODUCTION

The rapid growth of information technology makes
accessing information much easier than before and
causes many multimedia data needed to be protected
from piracy at the same time. Researches on
copyright protections have greatly been spent in these
several years. This leads to an application of digital
watermarking that embeds small information about
copyright or ownership without introducing of visible
change on digital media.

Many robust digital watermarking schemes for
images have been proposed, mainly based on spread
spectrum principle [1]. Some of them are invariant to
RST (Rotate, Scale, and Translation) transformations
in which no additional inverse operation needed in
detection [2]-[4]. The schemes are performed in log-
polar coordinate of Fourier domain called Fourier-
Mellin. The concept is perfect in theory but very
difficult in practice. Those techniques require
additional Log-Polar mapping (LPM) and inverse
Log-Polar mapping (ILPM) beyond fundamental
frequency transformation in both embedding and
extraction processes. As described in the literatures,
there are many difficulties and problems in practical
implementation. Furthermore, to obtain an adequately
fine quality of embedded image, the resolution of the
LPM and ILPM at least 256256 must be used [2].
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As a result, sophisticated algorithm must be
investigated in order to avoid unacceptable
computational imprecision of such samplings. This is
clearly additional complexity other than essential
watermarking process.

In this paper, we propose a novel watermarking
technique for digital image that is invariant to rotation
and translation, and resilient to scaling. The
watermarking pattern of this technique is created
from complex exponential function with random
phase as spreading code. Embedding and detection
are performed in frequency domain, i.e. discrete
Fourier transform (DFT). The watermark has a
multiple-rings shape, which is not exactly circularly
symmetric. This is contrasted to the circularly
symmetric watermark technique as proposed in [5]
that their watermarking pattern is constructed from a
binary sequence ({-1, 1}). To allow for arbitrary
rotating angle, the watermark pattern along each ring
of their technique needs to be kept constant. This
greatly limits the ‘spreading’ capability of the
watermark pattern. As a result, larger watermarking
pattern is needed to achieve reliable detection [6].

The technique proposed here can reduce
complexity in not only the inverse transformation
needed, but also additional calculation for
conversions between regular frequency domain and
Log-Polar domain required in those LPM-based
techniques. Furthermore, the technique does not even
require an original image in detection process. This
can reduce unnecessary computation time of
searching for the original image. However, the
technique can also be applied in spatial domain as
described in [6].

2. PROPOSED SCHEME

The proposed watermarking pattern is constructed in
circular shape, based on spread spectrum technique.
The watermark is separated into rings in which each
one represents each spreading code of the watermark.
Fig.1 shows an example of the pattern.

Let (r, 6) be a position in polar coordinate with a
corresponding (x, y) in Cartesian coordinate. By
exploiting complex exponential function, the
watermarking pattern is represented by



Fig. 1. The proposed circular-shaped watermark.
W(r,0) = e’ %) ¢}

where o and ¢, are arbitrary angular frequency and
random phase, respectively. Let R be radius of the
outermost ring, ] <r<Rand 0 <8<2x.

Let f(x, ¥) be an image of size M x N, the DFT
and the inverse discrete Fourier transform (IDFT) of
f(x, y) are defined as follows [7]:

r

R =3 22 S ™l
()= MZIE F(u,v)- ) 3)

The watermarked image F' (u, v) in frequency
domain is obtained by

F'(u,v)y= ﬂF(u,v)‘.(1+aW(x,y))),eja>(u,v) @)

where |F(u, v)| and @ (u, v) are Fourier spectrum and
phase angle of F(u, v), respectively. a is a
watermarking strength factor. Note that # (x, y) may
have the same size as that of f (x, y) or smaller. In
case that the watermark is smaller than the image,
zeros must be padded to the outside of the watermark
as wrapping around. If the size of the watermark is
too small, then only the high frequency components
in the magnitude spectrum of image will be
embedded (see Fig. 2 in Section 4). This is contrary
to [4] and [5] which suggested that watermark should
be spread between the most and the least significant
frequency components in order to keep robustness
against lossy compression or filtering processes and
fidelity of the .image at the same time. For our
proposed watermark, the larger the pattern, the wider
the range of magnitude spectrum of image is
embedded.

To yield the watermarked image f'(x, y), simply
apply IDFT to F' (u, v)

J'(x,y)=1DFT(F'(u,v)). %

Detection process for the presence of the
watermark can be done without needing of original
image which avoids unnecessary computation for the
searching. Let g (x, y) be a possibly watermarked
image, we have

D(u,v) = log(1+|G(u,v)) (6)
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as an intensity displaying function for Fourier spectra
of g (x, y). The watermark is detected by computing
the correlation between D (u, v) and the original
watermark W (x, y) by using similarity function [1]

M-l N-l

Z ZD(u’V)'W.(x’y)

sim(D,W) = =220

M1 N-1 N
JZ Z D(u,v)- D" (u,v)

u=0 v=0

where W * (x, y) and D" (u, v) are the complex
conjugates.

Assuming that D (u, v) and W (x, y) are
independently distributed according to N (0, 1)
(where N (u, ¢®) denotes a normal distribution with
mean u and variance ¢?), then sim (D, W) will be
distributed according to N (0, 1). This watermark
detection function follows that of [1]. The watermark
is successfully detected if sim (D, W) is greater than
predefined threshold & (for example, § = 6 as
suggested in [1]).

3. RESILIENT PROPERTIES

To show how the described watermark is invariant to
translation and rotation, and resilient to scaling,
consider the properties of the Fourier representations
below.

3.1. Translation invariant

Shifts in spatial domain do not effect the magnitude
of its Fourier transform [7]

f(x_xo’y_.)’o)@F(u,V)'e‘ﬂ”[%] ®
2 M]

ol & = |F(u,v)

: ©®)

It is clear that spatial shifts affect only the phase
components of an image, which is known as circular
translation invariant [2].

3.2. Rotation invariant

Rotation in the spatial domain causes the Fourier
components to be rotated through the same angle in
frequency domain [7]

f(r,0+6,))= F(2,0+6,) (10)

where (€2, @) is a corresponding polar-coordinate
point of (u, v) in frequency domain.

For any rotated angle ¢, W.' (r, ) can be
rewritten as

W' (r,0) = /@), an

Correlation between the original watermark
W (r, 6) and the rotated one W,' (r, 0) is defined by
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By using standard trigonometry and the well-
known Euler’s formula, it can be shown that W (r, 9)
o W,'(r, 6) = 2 irrespectively of the rotated angle .
This is proven that the proposed watermark gives a
constant result of correlation without additional
inverse rotation process required.

3.3. Scale resilient

Scaling the image in the spatial domain causes an
inverse scaling in the frequency domain [7]

1 uv
f(ax’by)@WF[;’Z} (13)

As the pattern of the proposed watermark has a
multiple-rings shape in which each ring is constructed
by same property, i.e. same angular frequency, but
different random phases, this implies that inner and
outer rings are scaled versions of each other. Consider
the correlation between two different rings below

27
W (r,0)0 W (1;,0) = | [e/ @0 e/ P9dp. — (14)

=0

By using the same derivation as that of (12), the
result of W (ry, ) o W (ry, 6) = 2z, regardless of
random phase ¢,. This is shown that scaling the size
of the pattern does not effect the value of correlation
when consider to a particular pair of rings. Thus, if
the watermarked image is scaled, the original
watermark does not need to be resized
correspondingly to the new size of scaled image in
detection. However, in practice, the new size of
scaled image will differ from the original size of
watermark. Therefore, if the watermarked image is
enlarged, zeros must be padded to the outside of the
watermark to avoid wrap-around error. In case that
the image is reduced, then only center of the
watermark of the corresponding size should be
cropped and remained. No further sophisticated
calculation is required before the similarity function.
The property of such multiple-rings. shape is not
exactly ‘invariant’ to scale, but rather ‘resilient’.

4. EXPERIMENTAL RESULTS

In this section, we illustrate performance of the
proposed scheme against scaling, JPEG compression,
and rotation.

We first performed experiments with scaling.
The proposed watermark was constructed using (1)
with size R = 256 and angular frequency @ = 32. The
watermark was embedded into original image
“Lenna” of size 512x512 using watermarking
strength factor & = 0.2. The watermarked image was
imperceptible without the original one. Fig. 2 shows
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the original image and its watermarked version with
their Fourier spectrums.

(®

(€. @
Fig. 2 (a) Original image and (b) its Fourier spectrum.
(c) Watermarked image and (d) its Fourier spectrum.

The watermarked image was resized by different
factors with step of 2.5% from 50% to 200%. Fig. 3
shows the similarity value obtained from each scaling
factor using (7). As the result, the watermark was
correctly detected at all scaled sizes, using detection
threshold & = 6. Note that the value changes up and
down alternatively due to incompletely matching
between rings of the original watermark and the
scaled image.
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Fig. 3. Experiments on scaling.

We next experimented on JPEG compression.
The watermarked image was compressed by quality
factors at 75%, 50%, 25%, 10%, and 5%. Fig. 4
shows the result of similarity value.

Finally, we performed experiments with rotation.
The outside of the original image was padded with
zeros to the possibly maximum size when it is



rotated. In this case, the image was padded to 725x
725 as shown in Fig. 5 (a). Second watermark was
constructed with size R = 362 and @ = 32. The
watermark was then embedded into the padded
original image using & = (.2. Rotation was applied to
the image at various degrees with step size of 5
degrees from 0 to 355. At each step of rotation, the
image was cropped to the original padded size (Fig. 5
(b)). This obviously removed some watermark
components off. The result presented in Fig. 6 shows
that the watermark was successfully detected at all
angles of rotation.
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Fig. 4. Experiments on JPEG compression.

(a) (b)
Fig. 5. (a) Padded original image;
(b) cropped rotated one.
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Fig. 6. Experiments on rotation.
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5. CONCLUSION

In this paper, we proposed a novel digital
watermarking technique that is invariant to rotation
and translation, and also resilient to scaling. The
described technique has circular shape with multiple
rings constructed by exploiting complex exponential
formula. Experimental results shown in Section 4
demonstrate performance of the watermark that is
robust against all angles of rotation and reasonable
range of scaling. The watermark was correctly
detected without inverse transformation or original
image required. Further experiments on translation
and filtering have been investigated, but are not
reported here.
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ABSTRACT

In this paper, a novel digital image watermarking
scheme has been proposed based on spread spectrum
technique. By exploiting complex exponential function to
generate a multiple-rings shaped pattern, the watermark is
invariant to rotation and translation, and resilient to
scaling without truly inverse transformation needed. The
proposed scheme is performed in regular frequency
domain without additional log-polar mapping required
which can reduce computational complexity of such
transformation. Furthermore, the original image is not
needed for detection in this scheme. Experimental results
against translation, rotation, scaling, JPEG compression,
brightness adjustment, image filtering, noise adding,
printing-and-scanning, watermark counterfeiting, and
collision attacking demonstrate performance of the
proposed scheme that the watermark is correctly detected
although the image was undergone by various geometric
and non-geometric transformations.

Keywords: Digital Image Watermarking, Copyright
Protection, Rotation, Scale, and Translation (RST)
Resilient, Complex Exponential Function

1. INTRODUCTION

The rapid growth of information technology makes
accessing information much easier than before and causes
many multimedia data needed to be protected from piracy
at the same time. Researches on copyright protections
have greatly been spent in these several years. This leads
to an application of digital watermarking  that embeds
small information about copyright or ownership without
introducing of visible change on digital media [1-2], A
robust digital watermark must be recognizable although
the embedded media have been severely degraded by
most transformations [3-4].

Many robust digital watermarking schemes for
images have been proposed, mainly based on spread
spectrum principle [5]. The original proposed scheme
requires inverse operation in detection if a test image has
been geometrically transformed. For instance, if the
image is rotated by any angle, the image is needed to be
rotated back to its original orientation. Such operation
requires huge calculation and this becomes more complex
when more transformations have been applied.

Although there are some spread-spectrum-water-
marking schemes invariant to RST (Rotate, Scale, and
Translation) transformations in which no additional
inverse operation is needed in detection [6-10]. The
schemes are performed in log-polar coordinate of Fourier
domain called Fourier-Mellin. The concept is perfect in
theory but very difficult in practice. Those schemes
require additional Log-Polar mapping (LPM) and inverse
Log-Polar mapping (ILPM) beyond fundamental
frequency transformation in both processes of embedding
and detection. As described in the literatures, there are
many difficulties and problems in practical implemen-
tation. Furthermore, to obtain an adequately fine quality
of embedded image, the resolution of the LPM and ILPM
at least 256x256 must be used [6]. As a result,
sophisticated algorithm must be investigated in order to
avoid unacceptable computational imprecision of such
samplings. This is clearly additional complexity other
than essential watermarking process.

In this paper, we propose a novel watermarking
scheme for digital image that is invariant to rotation and
translation, and resilient to scaling. The watermarking
pattern of this scheme is created from complex
exponential function with random phase as spreading
code. Embedding and detection are performed in
frequency domain, i.e. discrete Fourier transform (DFT).
The watermark-has a multiple-rings shape, which is not
exactly circularly symmetric.- This is contrasted to the
circularly symmetric watermark scheme as proposed in
[11] that their watermarking pattern is constructed from a
binary sequence ({-1, 1}). To allow for arbitrary rotating
angle, the watermark pattern along each ring of their
scheme needs to be kept constant. This greatly limits the
‘spreading’ capability of the watermark pattern. As a
result, larger watermarking pattern is needed to achieve
reliable detection [12].

The scheme proposed here can reduce complexity in
not only the inverse transformation needed, but also
additional calculation for conversions between regular
frequency domain and log-polar domain required in those
LPM-based schemes. Furthermore, the scheme does not
even require an original image in detection process. This
can reduce unnecessary computation time of searching
for the original image as well as ignore space needed for
keeping. However, the scheme can also be applied in
spatial domain as described in [12-13].



The paper is organized as follows. First, a general
introduction to data embedding and digital watermark is
briefly described. In Section 2, a description of the
proposed scheme with the processes of embedding and
detection are addressed. Proofs of robustness against
geometrical transformations are located in Section 3.
Experiments performed on standard tested image against
various geometric and non-geometric transformations are
demonstrated in Section 4. Section 5, we conclude this
work with a brief overview.

2. PROPOSED SCHEME

The proposed watermarking pattern is constructed in
circular shape, based on spread spectrum technique. The
watermark is separated into rings in which each one
represents each spreading code of the watermark. Fig.1
shows an example of the pattern.

Fig. 1: The Proposed Circular-Shaped Watermark.

Let (r, 6) be a position in polar coordinate with a
corresponding {x, y) in Cartesian coordinate. By
exploiting  complex  exponential  function, the
watermarking pattern is represented by

W(r,0)=e' % (D

where @ and ¢, are arbitrary angular frequency and
random phase, respectively. Let R be radius of the
outermost ring, 1 <r<Rand 0 < 8<2x.

Let f (x, y) be an image of size M x N, the DFT and
the inverse discrete Fourier transform (IDFT) of f (x, »)
are defined as follows [14]:

Fu,v) = ﬁﬁggﬂm : e"”uf% @)
f(ny)= MZIE Flu,v)- eﬂ”[VW]. G)

The watermarked image F ' (u, v) in frequency
domain is obtained by

F(u,)=(F )0+l (x,9))-¢*” @)

where |F(u, v)| and @ (u, v) are Fourier spectrum and
phase angle of F(u, v), respectively. An a is a
watermarking strength factor which can be viewed as a
relative measure of how much the image should be
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modified to alter the perceptual quality. Choice of @ may
vary based on some general assumption as suggested in
[5]. Note that W (x, y) may have the same size as that of /
(x, y) or smaller. In case that the watermark is smaller
than the image, zeros must be padded to the outside of the
watermark as wrapping around. If the size of the
watermark is too small, then only the high frequency
components in the magnitude spectrum of image will be
embedded. This is contrary to [8] and [11] which
suggested that watermark should be spread between the
most and the least significant frequency components in
order to keep robustness against lossy compression or
filtering processes and fidelity of the image at the same
time. For our proposed watermark, the larger the pattern,
the wider the range of magnitude spectrum of image is
embedded. Fig. 2 shows an example of watermarked
image compared with its original one using watermarking
strength factor & = 0.2.

(b)

(c) (d)
Fig. 2: (a) Original Image and (b) Its Fourier Spectrum.
(c) Watermarked Image and (d) Its Fourier Spectrum.

To yield the watermarked image f '(x, y), simply
apply IDFT to F' (u, v)

J'(x,y) = IDET(F" (u,v)). ®)

Fig. 3 compares frameworks of embedding process
between LPM-based scheme (from [6]) and the proposed
scheme which clearly manifests that the proposed scheme
requires less computation since it does not need LPM and
ILPM conversions.

Detection process for the presence of the watermark
can be done without needing of original image which
avoids unnecessary computation for the searching. Let
g (x, y) be a possibly watermarked image, we have

D(u,v) = log(l +|G(u,v)|) (6)
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Fig. 3: Frameworks of Embedding Process between (a) LPM-Based Scheme [6] and (b) the Proposed Scheme.
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Fig. 4: Frameworks of Detection Process between (a) LPM-Based Scheme [6] and (b) the Proposed Scheme.

as an intensity displaying function for Fourier spectra of
g (x, y) [14]. The watermark is detected by computing the
correlation between D (u, v) and the original watermark
W (x, y) by using similarity function [5], [15]

M-t N-1

> > D(u,v)- W (x,y)
sim(D, W) = =22 )

\/MZINZID(u,v)-D'(u,v)

u=0 v=0

where W " (x, y) and D" (u, v) are the complex conjugates.

Assuming that D (u, v) and W (x, y) are
independently distributed according to N (0, 1) (where
N (u, 6®) denotes a normal distribution with mean z and
variance ¢°), then sim (D, W) will be distributed
according to N (0, 1). This watermark detection function
follows that of [5]. The watermark is successfully
detected if sim (D, W) is greater than predefined threshold
6 (for example, d = 6 as suggested in [5]).

Fig. 4 compares frameworks of detection process
between LPM-based scheme (from [6]) and the proposed
scheme. Again, it is clearly that the proposed scheme
requires less complexity since it does not need LPM



conversion nor the original image that ignores
unnecessary cemputation time of searching and space
needed for keeping the image.

3. ROBUSTNESS TO GEOMETRICAL
TRANSFORMATIONS

To show how the described watermark is invariant to
translation and rotation, and resilient to scaling, consider
the properties of the Fourier representations below.

3.1 Translation Invariant

Shifts in spatial domain do not effect the magnitude
of its Fourier transform [14]

¥

Jx—x,y=-y) e F(u,v)’e_ml‘i” ! (8)

R, Evi
N

Fluyv)-e m[ =|F (u,v). , (9

It is clear that spatial shifts affect only the phase
camponents of an image, which is known as cireular
transiation invariant [6].

3.2 Rotation Invariant

Rotation in the spatial domain causes the Fourier
components to be rotated through the same angle in
frequency domain [14]

S(r8+0)y= F(2,P+0,) {10y
where (€2, @) is a corresponding polar-coordinate point of
(u, ¥} in frequency domain.

For any rotated angle £, ¥." (r, () can be rewritten as

W;;(ﬂ@):ej(ru(t)u;)wa,:. (l])

Correlation between the original watermark W (r, 0)

and the rotated one W' (r, 0) is defined by

W(r,0)e W, (r,0)=| e -ef“”<”'“+¢r'd0' (12)
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=0
- }eﬂ“ (2 —0){ (15)
=27, (16)

By using standard trigonometry and the well-known
Euler’s formula, it can be shown that W (r, &} o W' {r, 6)
= 2x irrespectively of the rotated angle ¢. This is proven
that the proposed watermark gives a constant resuft of
correlation without additional inverse rotation required.
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3.3 Scale Resilient

Scaling the image in the spatial domain causes an
inverse scaling in the frequency domain [14]

1 u v
b — F ==
flax y)<:>|ab| (a bj

(17

As the pattern of the proposed watermark has a
multiple-rings shape in which each ring is constructed by
same property, i.e. same angular frequency, but different
random phases, this implies that inner and outer rings are
scaled versions of each other. Consider the correlation
between two different rings below

2r
”"(VI,O}U ”’(.’2,0 — ! J‘eﬂ(mm-@,‘) . e}{m!)-v-ds,«_)dg (1 8)
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- Zjef( nﬂdhﬂli)*ﬁr:)dg‘ (19)
=11
N -[e/(—ﬂ}\ *wvz]dtg‘ (20)
=0
=l 22— 0) @n
-2, (22)

By using the same derivation as that of (12-16), the
result of W {r, &) © W (r,, &) = 2z, regardless of random
phase ¢, This is shown that scaling the size of the pattern
does not effect the value of correlation when consider to a
particular pair of rings. Thus, if the watermarked image is
scaled, the original watermark dogs not need to be resized
correspondingly to the new size of scaled image in
detection. However, in practice, the new size of scaled
image will differ from the original size of watermark.
Therefore, if the watermarked image is enlarged, zeros
must be padded to the outside of the watermark to avoid
wrap-around error. In case that the image is reduced, then
only center of the watermark of the corresponding size
should be cropped and remained. No further sophisticated
calculation is required before the similarity function. The
property of such multiple-rings shape is not exactly
‘tnvariant’ to scale, but rather ‘resilient’.

4. EXPERIMENTAL RESULTS

In this section, we llustrate performance of the
proposed scheme against translation, rotation, scaling,
JPEG compression, brightness adjustment, filtering, noise
adding, printing-and-scanning, watermark counterfeiting,
and collision attacking. Experimental results on dominant
horizontal and vertical structured images are also
provided as well as the performance comparison against
the original LPM-based scheme. The original image Lena
of size 512x512 was tested using watermarking strength
factor @ = 0.2. The watermarked image was imperceptible
without comparing to the original one (as shown in
Fig. 2). The PSNR (Peak Signal-to-Noise Ratio) of the
watermarked image was 44.3799 dB.



4.1 Translation

We first performed experiment with translation. The
outside of the original image was padded with 100 zeros
each that made the image became size 712x712. Fig. 5 (a)
shows the result. The proposed watermark was
constructed using (1) with size R = 356 and angular
frequency @ = 32. The padded image was watermarked
and then replaced with zeros again to the padded area in
order to see the result of translation-invariant property.
Translation experiment was performed by shifting only
the image part by 100 pixels up, down, left, and right.
Fig. 5 (b) shows an example of the shifted image.

(@) (b)

Fig. 5: (a) Padded Original Image and
(b) Translated Watermarked Version.

Table 1 shows the similarity values obtained from
each translation using (7). From the result, it is clear that
translation does not effect the correlation result since the
magnitude part of image is not changed.

Table 1: Experiment on Translation.

Translation Correlation
100 pixels left & up 52.0730
100 pixels up 52.0730
100 pixels right & up 52.0730
100 pixels left 52.0730
No translation 52.0730
100 pixels right 52.0730
100 pixels left & down 52.0730
100 pixels down 52.0730
100 pixels right & down 52.0730

4.2 Rotation

Next, we performed experiment with rotation. The
outside of the original image was padded with zeros to
the possibly maximum size when it is rotated. In this
case, the image was padded to 725x725. A second
watermark was constructed with size R = 362 and o= 32.
The watermark was then embedded into the padded
original image. Rotation was applied to the image at
various degrees with step size of 5 degrees from 0 to 355.
At each step of rotation, the image was cropped to the
original padded size. This obviously removed some
watermark components off. Fig. 6 shows an example of
the experiment.
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Fig. 6: Cropped Rotated Watermarked Image.

Fig. 7 shows the similarity values obtained from each
rotation angle. As the result, the watermark was correctly
detected at all degrees of rotation, using detection
threshold & = 6. Note that the correlation results decrease
as the watermarked part was cropped larger.
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Fig. 7: Experiment on Rotation.
4.3 Scaling

We next performed experiment with scaling. Third
watermark was constructed with size R =256 and o = 32
(This watermark is used in the all following experiments.)
The watermark was embedded into the original image
without padding. The watermarked image was then
resized by different factors with step of 2.5% from 50%
to 200%. The result presented in Fig. 8 shows that the
watermark was successfully detected at all experimented
scaling sizes. Note that the value changes up and down
alternatively due to incompletely matching between rings
of the original watermark and the scaled image.

4.4 JPEG Compression

We next experimented on JPEG compression. The
watermarked image was compressed by quality factors at
75%, 50%, 25%, 10%, and 5%. Fig. 9 shows the result of
similarity values. The watermark was still detectable
although the image was severely compressed.
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Fig. 9: Experiment on JPEG Compression.

4.5 Brightness Adjustment

We next experimented on brightness adjustment. The
watermarked image was adjusted the brightness by
factors from —100% to 100% with step of 10%. Fig. 10
shows the result of similarity values.
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Brightress factor (%)

Fig. 10: Experiment on Brightness Adjustment.
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4.6 Filtering

We next experimented on image filtering. The
watermarked image was blurred and sharpened using
different sizes of masking: 3x3, 5x5, and 7=7. Fig. 11
shows the result of similarity values.
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Fig. 11: Experiment on Filtering.

4.7 Noise Adding

We next experimented on noise adding. The
watermarked image was added Salt & Pepper noise at
different intensities from 10% to 100% with step of 10%.
Fig. 12 shows the result of similarity values.
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Fig. 12: Experiment on Noise Adding.

4.8 Printing and Scanning

We next experimented on printing and scanning. The
watermarked image was laser printed at 1200x1200 dpi
and then scanned back at 1200x1200 dpi. Fig. 13 shows
result of the image. The watermark was still detected and
the similarity value was 32.9223.



Fig. 13: Printed and Scanned Watermarked Image.

4.9 Watermark Counterfeiting

We next experimented on watermark counterfeiting.
The watermarked image was tested for the presence of
999 uncorrelated watermarks. Fig. 14 shows the result of
similarity values obtained from each watermark? Only
one (true) watermark matched gives high correlation
value, while the other 999 uncorrelated watermarks have
the similarity values distributed between 0 and 3
according to [5].
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Fig. 14: Experiment on Watermark Counterfeiting.

4.10 Collision Attacking

We next experimented on collision attacking. The
original watermarked image was re-watermarked. again
with another 4 different random watermarks. Detection
process was then performed. All 5 watermarks were
successfully detected on the final watermarked image.
Table 2 shows the similarity values obtained from each
watermark.

Table 2: Experiment on Collision Attacking.

Random Watermark Correlation
First 45.5228
Second 44.6738
Third 43.8915
Fourth 45.6696
Fifth 44.3965
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Although all 4 versions of fake watermarks are
successfully detected on the final multi-watermarked
image, but in fact there is only one version of
watermarked image that contains only the first (true)
watermark. In this case, therefore, the genuine owner can
prove his true ownership by showing the first
watermarked image version that contains no other
watermarks.

4.11 Perceptibility Measuring

@)

() (@)
Fig. 15: (a) Image with Dominant Structure in Horizon
and (b) Its Fourier Spectrum.
(c)The Watermarked Image and (d) Its Fourier Spectrum.

(b)

() (@
Fig. 16: (a) Image with Dominant Structure in Vertical
and (b) Its Fourier Spectrum.
(¢)The Watermarked Image and (d) Its Fourier Spectrum.



We also performed measurement on perceptibility
against specific structures of image. Images with a
particular structure usually have a large amount of energy
in one group of directions while having much lower
energy in an orthogonal way [7]. In this experiment, a
dominant horizontal structured image Beach of size
512x512 (Fig. 15) and a dominant vertical structured
image Timberland of size 512x512 (Fig. 16) were tested
using watermarking strength factor a = 02. Both
watermarked images were a little noticeable. The PSNR
of Fig. 15 was 33.93 and was 31.80 in Fig. 16.Correlation
values at no transformation taken were 34.81 and 37.27,
respectively. However, to compensate the quality of the
watermarked image, the watermarking strength factor can
be slightly decreased in order to improve the value of
PSNR.

4.12 Performance Comparison

Finally, we measured performance of the ptoposed
scheme against the original LPM-based scheme as
proposed in [6]. Table 3 and 4 compare the number of
Floating Point Operations (FLOPs) performed on a gray-
scale image Lena of size 512x512 at each step of
embedding and detection processes, respectively, of both
schemes. Note that Bicubic Interpolation was used in
both LPM and ILPM, and the number of random
watermark for the original LPM-based scheme was
262144 (same number as the proposed scheme’s).

Table 3: Number of FLOPs of Embedding Process.

The original
Step LPM-bfzsed The proposed
scheme scheme
FFT 20089856 20089856 |
IFFT (1) 21662722 -
ILPM 60278401 2
IFFT () 21662722 21662722 |
| Add watermark 786432 5767176
\ Total 124480133 47519754

Table 4: Number of FLOPs of Detection Process.

The original
Step LPM-bfzsed The proposed
scheme scheme

FFT (1) 20089856 20089856
Intensity Display - 1572868
LPM 58760305 -
FFT (2) 20089856 -
Correlation 4194320 2622987

Total 103134337 24285711

From the result, it is proven that the proposed
scheme requires much less computation than the original
LPM-based scheme. This advantage conquers limitation
in practical implementation of those LPM-based schemes.
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5. CONCLUSION

In this paper, we proposed a novel digital
watermarking scheme that is invariant to rotation and
translation, and also resilient to scaling. The described
scheme has circular shape with multiple rings constructed
by exploiting complex exponential formula. Experimental
results shown in Section 4 demonstrate performance of
the watermark that is robust to translation, rotation, and
reasonable range of scaling. The watermark was correctly
detected without inverse transformation or original image
required. The watermark is also robust to JPEG com-
pression as well as other non-geometric transformations
including subterfuge attack and watermark counterfeiting.
Similar results were found on other standard tested
images (e.g. Cameraman, Baboon, Peppers, for example)
but are not reported here. Performance comparison
against the original LPM-based scheme shows that the
proposed scheme consumes much less computational
complexity. The proposed scheme also profits more
advantage that it does not require the original image in
detection process, which can reduce unnecessary
computation time of searching and space needed for
keeping the image.
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