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Uniform Deadzone Based Wavelet Tree Quantization for

Digital Image Watermarking

Student: Chen-Long Lin Advisor: Min-Jen Tsai

Institute of Information Management

National Chiao-Tung University

ABSTRACT

The digitization of information makes digital content copyright protection
attracts much attention. The development of digital watermarking technique provides
a way for digital rights proteetion. A good: watermarking scheme must have the
characteristics of transparency, safety,--unambiguous, robustness, capacity and
blindness simultaneously. Furthermore; digital watermark must resistant to malicious
geometric attacks and compression. This research is based on wavelet transformation
theory, in which an uniform quantization method is used to embed watermark in
Super Trees which chosen from wavelet middle-band coefficients. The quantity of the
quantization is dynamically decided by image quality.This research focuses on
Deadzone Scalar Quantization which provides the robustness for watermark

extraction and provides a effect technique on digital rights protection.

Keywords:

digital image watermarking, wavelet packet, wavelet tree quantization,
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Eam @I - B %J N HL 0 S FEARSE L5 & = (Synthesis) © - B3 BLE
Analysis Filter cr4 f# > iz B 4 215 e % 53§ Synthesis Filter £ 22 2 7 ¥ -
RTATUEL o BAryt AT LS Rdeiuiip oo PR P LIS R ¢0 Analysis Filter
£ Synthesis Filter ¢ i $[3 5% £ & 2 (Perfect Reconstruction) » @ #% * filig %
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£ Analysis Filter 22 Synthesis Filter 5 — /g & ¥ % (Filter Bank) °

(a). LA f3

hy(n) 2| = »,(n)
x(n) Analysis Filter.
h(n) =2} — »m
(b). MELL &
Yo(n) 21 go(7)

r
Synthesis Filter. (O—»e *(1)
3

n(m) —= 21

Y

g (n)

B 3~ - A EE s REE S TR (A fE (D)ELE

F B 3@° 0 RAesmELEx(n) doh, B h R AR AE g fE2 k> B P h S
i ik B (low pass filter) g RSHINELLE ;- h 2 B i Jgk B(high pass
filter) » B #E N FLae Wi o d 2B (SR FIeEAE A FL Yy (n) & B A FL Y, (n) 2 3}
EF B RAMEX(N) AR > F]Ph i dE h) & h 2 gL R B 7 down-sample
degt = K@ @y, () 2 y,(N) h ] REEX(N) dhe X o J] 3(b)¢ 0 E AR
&gk B gy(n) ~ gy(n) $ MR~ BAERELEF E AW 0 % R AR R PR
up-sample © 4 it BMFLNE X EA T o A E I RE LS NRA Bl o &

B E TR o5

H,(-2)G,(z)+ H,(-2)G,(2) =0

H,(2)Gy(2) + H,(2)G,(2) =2
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234 ) A F B

FEMET L R o - BB R A R SR

7‘&‘»%?473 3 47 i (Sub-band) ° i 3 #F 3 A LY BAEE 0 A I S =2 e

P R L

— i@ 2 A KA PR AR R LA OB AR B IRGE 0 4o % AP A O R 4~
- EFN G PR 2 BB PGB AT oy T T A MO R AL

BE BRI U NGEE L N AR GR E R nT e % B e

l/z\%t‘ bl T /’F‘mﬁ'ﬂl ('3»’% R#ce £ 37 _‘)

EEENIRE R TE B0 2 CCN IR Y AR T LY
%2 B en% it L R 0 blac Bl sosharpedge ~ 26 AR IR o - fLA
B R AT ARG LA SR P R S RBE 5 RBGAL A2

5 EIRL L o 3 a0 ok B A 5 B B BN PR BIT AR BB

Ao el (B4 (7 4 f B E s

SR L

v I AT R R - i

34

e A R TR B

F.

PG R - R FHBGALBEE R R 2B - 2 F AR
TR AT RS T B - ik B B EEE S Y TR 0 ke

J F] o
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2.4 Correlation — based watermark detection

F_

PR Er Y o R R A AR A A T - SR R Y Bk B en

i+ (Existence Measurement) @ j&- T_¢1 o #7 3} 7 correlation-based watermark

detection f]&:{."l RogokerW 2 i seam s kerW 2 (7 4p B BB B > Bfs iz B

>§

Y %% pr - T2 P (Threshold) p; 38 {7 fo> RFEP A~ 975 B F 3

>

GG o ek RHREEAY p2 o A FWEW Epk i PIAPT Ly L RE

i
g F 2 drk p<p, B EZFWEW' I3 B2 4p R 5 R o dof] 4 7§ -
i# & A e correlation-based watermark detection 7 A%£[26] 0 12 T ik B 5 BB AR

Y

& phu ©

=

Input
Media
Watermark Original Watermark
Extractor Vector
. |Detection Value \
n dimensional Calculator
extracted vector v
Threshold
Decision

Bl 4~ A &g REr iRl AR
Input Media - #&dp chE_#F iRz #ci= ) % » 4r video ~ audio ~ image.... % ° Input
media 5 i Watermark Extractor #-{F iP5 K & fZ 110 4[26] ¢ $3% correlation-based
watermark detection 3% 3|7 S BE R R FREFHH-E - R4nFkEW
v § - BE A 5 nie £ (single watermark vector) > @ ¥ v - B v ¥ A

T_%& 4 «h £ (Constant , Predefined) - # = » &Fipli5-KEr W' 7>



ek

v g BT NE - BEFRE AW BT E IR BIEE AR ET R
4 #-2 o EW 2 FR e £ W' 2 (7 correlation value 23+ & » & {4 £ 4 Decision

> 2

AR ORERIEGF Ao ixH P E 2 g & §_% correlation-based watermark

M

¢

detection ¥ > watermark extractor £ detection value calculator £ 3 M > F] 5

& - B W 3=2E_& ;% 7p P> detection value calculator ¥  §_4-%+ % B vector it e

Decision #2 & i %5k & 75 f(Existence)®? & » #7120 § — B B 4L H 4o fe i
# 3§ ¥ c0 Threshold p; 1 5 -k B 2| w2 ki > @ 3 p, s 2] 22 EW| PR 2]
¥ e 4ei® o False Positive Probability P; :}ﬁ IR B - 1%,\ rEokE 2 BN
W A ke e o — BECK B e jE F Lk 7 A P ¥ ¢h False Positive

Probability » £ @ P, f& % ) gt 82 ks T AP po o 4oB] 5 T

W% P FHEE o

B 5~ PHEd 3 B2 g

Detection Value Calculator ~ False Positive Probability ¥ Threshold 2. & erff i
IR hoT AR
1. # I &9 Detection Value Calculator > - 4p ¢ £ False Positive Probability 2. T » g

3 7 e 5 Threshold -

2. 4P Ir 9 Detection Value Calculator » #] % False positive probability 42 % 2_ model
% F 4 ip 1772 0% > 74P e ¢h False Positive Probability 2 & » € 3 % f e
Threshold - 2 Normalized Correlation % %] > Approximate Gaussian method -

Fisher Z-statistic method ¥? method in [26] » T;K H 3% B35 @ * Normalized

16



Correlation 4 1% Detection Value Calculator » # i ¥] 4 & i&/% @ * c1model 2

4 8 > ¥ false positive probability F & pF > PP HE 7 7 4p e o

3. 48 I¢ 9 Detection Value Calculator » & 3K 5 R B cndd 2.7 4p e > 7% §2 35X False

positive probability fz3+/% o % 1 327 = K 2 Normalized Correlation #

Detection Value Calculator 5044 #h <> » Fl A 5 KB BERIEE 2 /pk » #7102

8 ¥ 2 model 7~ % Fp o

SEw N Pr
Identical, zero-mean, independent, l,(T,)
[26] e 20 (x/2)
Gaussian distributions. 21, ,(7/2)
Ny, N N
[27] 1, -1 sequence Z [ WJO-S !
n=[ Nyx(pr +1)/2]
1
m-1)V__ (V1-x*)""dx
[28] Real number , normalized IT (M= DV ( )
mv.

# . 1~ 1 * Normalized Correlation F¥ 5 7 e i3 K Er g2 > ¥ 11 5 7 [p 0 false
positive probability & & = j& o

17



P

5= F 22353 £ i* Super Tree ;7 & /2

rAFx ¥ 3.1 & 4 Laztiag £ i Super Tree 5k B q,\ N AR~ 3.2 & ezt

\ N

323 £ i* Super Tree ;5 K e B~ diynfz B d [1]#73 ke Ra & 33 &4 Lozt

=
[y

D ok P gk 0 PR D[]0 T R R JREORE T M R R

R0 0 el e

3.1 #3553 § i* Super Tree ;5K & *1; > AR

BB o o AR R_FR ] g e {8 ¥ SuperTree £ i e » 3 02 o 4 B 2 AR

B 6 5 » & &gk ot » sBRiEIEGE 6 -

Meaningful Omne way hash function PN cade
signature or text (watermark)
Random Seed
FiEH - EdvAFEREP
-l §LES . Super Tree fir 7 F e
ﬁ'ﬁiﬁfﬁ, AP £ %3 :j.&# ——s{ Super TreeZ (— "o o o 57 5" Bl it — > mw
A &3l
t
| Encoding

Reference Error

B 6~ 2353 £ i Super Tree K & 4t » i 42

301 5k ehg 4

- Aok BT L B RA, 1 Logo 4 TR - B BcE RSN F L
A A AT g kB S - g £ 9 PN #kcF 5 5| (Pseudo Noise) » #A @ iz— #
WF HFA2 A4V Ed - B Logo &~ Fi 4 SiF- T one way hash function

w2l ol A e KA Ah R ARRUE kRS LR - Bk

fEF(seed)s R FHAR > FHAL R Y i 5240
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Srand(s);
For (i=0 ; i<watermark length ; i++) {
If (rand() % 2 == 1) Watermark][i] = 1

Else Watermark[i] = -

3.1.2 /) Ak

|k g e R 4s R thod 3 8% (Spatial domain) ## 3 3 4F & % (Frequency
domain) » @ -] j 48 #% ¢7 Subband coding it 49 3 A 9 1E 3 B § OIS M R FIF

$»odoﬂﬁﬁépuﬁi b S B AR T A A B A B T P -1 ATRE R
FX FEF(TR A2 h B S ) ARIET A 2 BAR O ARE R KB R
5 F Gt s a %EE'H%% P RGFRER A B G sy o F M BAF e 2 AE g
HREDFARE A~ o Bt 2 W SRR PR E K A 0 4o BT 0 B
7(a)&_#- Host image -] jt #heie FweA 2327 L B B 7(b)R| LB 7(a)*}

,,,,,

FHERE Tz ApF IR o

(a). (b).
LL4|LH4| LH3
Host HL4|HH4| LH2
Image HL3HH3
e N i
HL2 | HH2
LL1 || LH1 || HL1 || HH1
/\
HH2 HL1 HH1

B 7~ ] AT LB (a)#-hostimage {7/ A A fE > £ A fES e B level » =
B level # 3 7 LLLHHL 2 HH = B3+ #f:¢ (b)55 ()4 f2is - F 5+ =
@+%$¢@%ﬂwﬂ%1£ﬁ
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3.1.3 Super Tree F:5 #% :

/-’j:—’J\Equ/\ N EVE BT Super Tree #1717 FUIE T T '—L"‘ 2\ P wavelet
&

tree~super tree 2 super tree pair & 4p B s % F L3RR E A o Ao i 7 Super

Tree c7iE & o

Wavelet Tree -

am 8a)? o APEH | AAE IR Y chlevel 2~ Level 3 2 Level 4 2742
7 > wavelet tree i #1772 » A d Level4 chband 1 ~2~3 ¢ 23— i (2!
koot g 7 4 B children =3t Level 3 ¢ » =3t Level 3 ¢iz 4 B s W) &
3 4 i children ** Level 2 ¥ - Wavelet tree T &_#-Level 4 - %8 ~ Level 3
e B hHcE: Level 2 6016 B fGdlcf & 42 Ren2l B R HAE S 88 ¥ 4 Thdic > 4o
8(b) 7~ = — 3 17 o] AT Bl R Level 4 @ band 1~2 - 3 eni T

Bl Flpb 7 108 o | A AR e
Level 4 criband # #icx# & band » % #ic B #ic = 3x327 =3072 4 o

Super Tree :

A 3072 $ o) MY EBA o At A5 - & Super Tree T, >
i=12,..,1536 > 4= B 8(c)*T7 o fiF P~| LA > ARE PoiE R L ARE
Beo Tt 3072 BB f8 % 2 1 1536 4% Super Treese f€ | e E B | AR
fofieds Vi i * — gLy (T o Fet AP & (S ¥ 3] o Super Tree i i ] >
P h s ERSFF I G AP T Super Tree shim & B0y gk Er

e
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Super Tree Pair

— 1% Super Tree Pair P, &4 1536 1% Super Tree ® = (T, T,;) #rie e, 2 ¢
I1=12,....,768 - Super Tree Pair P, thp > £ 5 AT 5K & 0 B =< W, R S
FRW g Pt P=12,0,768 ¢ g e S g (T, Ty) ool 4 -

P tree W E 1 ki A odod W, = —1 R34 T, | i {7 uniform quantization> 4= % W, =1

A 2 44>t T,; i€ {7 uniform quantization o F]p* 2% 8 ¥ 12 doig 5ok B2 £ B Jf ] 3 &R

Super Tree pair 2 i #c> 4ot & - B F-RE =2 W, o i 48 ¥ &2 Super Tree pair [ °

(a). Wavelet Tree &% 3% (b). A Wavelet Tree
C4;-*H:ﬁ Cis =F Cis
Ca3fCa s C3-.1 C 1
(PN 2,1 1] [2]3] [6——=
s G, G 4]5] [« >

C23 ._ Caa z
I i

(c). A Super Tree

S S ) Bt (L)

HE R [ [ ]

12 3 L
L=42

B 8 ~ Wavelet Tree ~ Super Tree 2. Z_% (a)Wavelet tree 7% % (b)A Wavelet Tree
(c)A Super Tree

3.1.4 Super Tree Bitplane

efFE @ > & - B & Super Tree T, enik#ex (), j=12,.,Lyt#ri- e

=

Jls

ey AR 0 & F]p A58~ B =T G (bitplane) o 4o B 9 HrF 0 AT G P

1 Least-Significant Bitplane(LSB) % 2° = ** bitplane /& % » Most- Significant

2

Bitplane (MSB) % % 5 2P =t + = » gt ¢h p B e 81 & f (= =~ (Sign bit) o F|* &
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%1% bitplane ® £ 5 L(p+1) B =~ -

Super Tree 12]1-5]19] 8| .eee 6 |30]-7(17

Sign bit 0100 ... olo|1]o0
P 010[0]0]| .eee 0[0[0]0
ololo]o]| .... ololo]o
Ololo]o] ..... 0/0]0]|0
01000 .oeen 0|l1/0]1
Tlol1 1] ... ol1]0]0
1{t1]o|o]| ... 1l1]1]o0
2! 010[0[0] ... 111]1]0
20 0l 110 e 0olo]1]1
B 9~ Super Tree # &5, - =T o =22 6|
315 2T g g v
FoRE g L ARy BEURERENEFLENREA kB aueEd

bitplane & T & B 4n> £d L1 2 Fd THIHERRAFELLASE P 5T 2

/

b 1

5118 g, (reference index)#TH £ ehg, & 5 & £ 1 % ° B bitplane ® iz o 4o

10 #57 » q, #74 7 T S ARG bit BEc o Bk QTR S (],,b,)

h

%.q, = BenE B Super Tree % #c2. quantization step % 2™ (# 3 j=b, pF) - =3t q,

< fp]eh% 1B Super Tree % #c2 quantization step & 2% o & f Super Tree X () f%

g
F_L
|
G
\v
1"%

AL 2 LB e ()=QX (D], —x() &*

. round(x,(j)). ,j<b,
[nn:{ o

round (X, (J)),, .. ,otherwise

22



£,(q) TR £ PR & 5§ £ 147 bitplane ? q, B 2 #cis o #3° Super Tree A&

2 LR A MBS TR SA L T
2EFAEAE L 6() @) FA(R PR GOHBGETEEL S 0 T
= U & ¥ Super Tree & it chE o

(1) — - — — - bn ———————— x, (L)
T ]
Sign bit |
2p I |
' !
I I |
i T
24 il
I
2 |
22
21
28

B 10 ~ q, * - 4% Super Tree € it (g o
3.1.6 ik ereragh ~

EF

b
=

5 N 22 F z " J- B
£ it w0 45— B SF 3% e(reference error) 0 ok Ak B A KR

s

I

R e e AR PET R G AVHR ST BT Lt PRE
Bt L APERPBI- BQ, 0 FPRFELs (0)2ef g(0,)2¢ F
Op < Oy * 12 B Q, WAL Ty, Ty) &Y PR o KB A w2 4 L5 w,

FEH (T, ,,Ty) P F-Ptree B it dFeodokw =—1014T, nq &1 -

(w
o
ke
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3.2 2353 § i Super Tree -k 8B~ 1} /i 42

W3-k FRBOAPERREEY AT 77 FUPREFEP S EE TR
PFo Rl g A R E B R kS SRR 11 AT o — B s R
HER2ZBE A A RIS > £ KW encoding # * ch key F 43 0w
¢ Super Tree Pair p/ (i =1,2,....,768) 2 & o d >t & B g -RErw 2§ i+ 3 38530 pf
o SRR B R 2 E B B e (T Ty) T A e R

YLALP)F K B AT R E

Meaningful One way hash function PN code Normalized FAREF A
signature or text T (watermark) correlation FHLE?
Extracted
PN code

[

) 2 = ERERAY izati ;
prreTey | | [Super Tree . ¥ N it K re-quantization 8% i -
wig AR i hr ;J“;c;_'ﬁ:';’?; error ACEp iR L

| Decoding
Random Seed  Reference Error

B 11 ~ 2£35 378 it Super Tree 7%k & B~ 11 /i 42

3.2.1 Re-quantization and watermark extraction

N~

b fEFRE PR R 0 A PGP ISP - B g, 0 R4 3]e0q) P
R ey (g ze s g5(q,)2e X 2 q, <q,, =T kg A B N (T,,T,)

% decoding £ re-quantization errore,, , ¥ e). o % & ¢ re-quantization error T_& 4v

e/(i) =% () -QX ()],
, B¢ 1=2i—-1, 2i , x{(j))%7 &% | B Super Tree ® eh% | B 2¥kiE -

Q[X;(J)]qn % 77 'K#iqr']ﬁxf(l)ii% (L (S enid o 'FAPL:q Ak Jf—r:?(ana n)



 fpenE 1 Super Tree i% #ic2 re-quantization stepA| % 2% (& 3 j=b! pF)> =3t q -

o) s A2 2 N . . v L +1
e B Super Tree % 2. re-quantization step A 5 2™7 o

¥ (T T s i licr £ e, ())& ey ()45 B8 [1]%% 1 cdfof

the magnitude of normalized re-quantization errors > T_& 4 :

5

f(y) & % =13 % % Super Tree | :Fre-quantization error magnitude + -]

e/(J)
A())

Ww=pm{

e/(J)
£ quantization step A,(j)2 ¢ B> B ey & o Bk TS % & f(y) o
B Ny BooaT,? s (V) nREEg N,y oo ke w & 5 2% 50
B

’ -1, if N2i71 > N2i
W = i
1, otherwise.

FF kB AW p P B R kW Rk W i

322 kB2 B

¥ o2 [1]Y % KB B > F & % correlation-based watermark

detection » #-¥+d JF &2 ¢ f2 2 3R W' &2 ik W & 74P B 46 5%

¥ 2% > 2 B4 * Normalized Correlation #a = Correlation Value Calculator o
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Normalized Correlation % & 2 & 4o

PP N Rk EZ B R W B W A B E KW EW E A Y s m
Big-kErimn o 3 E 7@ eip b alic p ¥ APk Teo- B Correlation
Threshold p; ;& {7y 2> F p2 pr RN P I ¥ 11 g FF - REWEW E4p ke o &
ZRIWEW' T2 4a ke o KA pp 20 9700i 7 ik en o Ed vz A

RAEEHET LT o WA oy AR 45§ R 1 -
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3.3 #£35F it Super Tree 5-K & Fjvrz_ 34 B

B Rk B BB ARY o 1RIR B 6 T A 7 - ] eh) A 5 ] ok i e
#£T k41 * & encode 4p IF gt BcfE+ 0 45 T & encode P £ super tree "B A 0 14 7
decode ® it & FES T K& o @ e decode 35 I irisuper tree pPEI T k&1 0 B
ol oengeEld 1 3 15360 &K P pe st 0 B super tree pair(T,,T,),
i=1,2,....,768 -

EHRLTHm[1] &P enfEF-RE 02 > A& 3 E - B super tree
pair(T,;, ,T,,) » - % reference error 2. F » &35 % B pair ¢ re-quantization
index q; ° 45 q; eiiE 22 encode 4p 12 FER| T, FA N FFE AT L N7
£ £ 7| reference error P i 0k s i@ F IR o - L F 0O FRARTHT, BT
it {7 requantized error 2. 3v3t o JRGF K 2R requantized error (&, (), &, (0)))-

€73 — Bl & o A U e SaT o et i F O R P K & encode P AR

p)

gl ﬂ}

i TR (T, TP e KB i ARG 0 o A it - 2 2 B 70

BB AL AR AL R 9k RAE 5 RE] AR T AT R 2

33.1Casel: (% q >q F#E2)

coefficient 7
Sign x=(|1) etetetatet .b"’. %(7) .b”. ———————— | fimh
T O A I A =
S m—
W74 7447 74
VRS 7 77
R A
bitplane * 7 @ : Bits to be discarded in encoder

!

@ + * Bits to be discarded in decoder
m

B 12 ~ decoding 5 ¥| £hq) ~ ** encoding & * & * ¢, 2.7 % B °
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- i@ 3w B2 B decode 35 Tl ehq) A £ 0] Y E q BEBIE L ehiFAs 0
PRac 2 F 35 0(T,) T, HAE B o AP - $% Super Tree & encoding
#2 decoding ® 7 quantization ¥ re-quantization #7 & it (g &k 'g » e @ 12 #ror o

$0.>q, % q©q ¢ FFhehRB{EFLiakk-

¢ i 2 BRI DR FlhoT BT 3T

(a)In encoding

T, (Quantized) T,, (Un-quantized)

0[0[0]0 | .ouune. 0[{0[0]O 0[{0(0]0 0/{0[0]0
0[O0 [0 1| .uune. 0[1[0]0 0[{0(0]0 0/{0(0]0
0|1 ]{1]0[ weenne 01071 010|110 0/0[0|0
O[T ]| e 10401 041300 110[0]0
L1O]O| 1] . 1E[1]0 0f0]101|0 01001
11O T |1 ] e 0107010 0 0401 0[110]0

00 0[0|0 041-11]0 110{0]1

0 0[0/0 1"10]0]0 0|1]1]0

(b)In decoding — Re-quantization § q, =0, ¥ > @ 1% Tree * ff 2 3% 4 £ 3594 £ 5|

reference error

T 2’i -1 T 2’i

0]0[0]|0] .uneeet 0/0(0]0 0000 0/0(0]0
010 |0]1] ... 0]1(0]0 0(0]0]|0 0(0]0]0
011 |1]0] e 0]1(0]1 0(0]|1]0 0(0]0]0
L1O[1T]|1] . 110[0]1 0100 1{0]0]0
L1001 ] e 1j11]0 0(0]0]|0 0(0]|0]1
L1O[1T]|1] . 01000 0/0(0]1 010(01]0

0|0 0]0|0 0[{0]0/0 0[0(0]0

0|0 0]0(0 00|00 00100
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(c)In decoding —T ,; , & T ,; * ## 2 3% £ i F| reference error > Re-quantization =

Toi T

0]0[0]|0] ... 0/0(0]0 0(0]0]|0 0(0]0]0
01001 ] . 0/1(0]0 0000 0/0(0]0
01 |1]0] .. 0]1(0]1 0(0]|1]0 0(0]0]0
L1O[1T]|1] . 110[0]1 0[1/0]0 1{0]0]0
1]0[0]1 0/0(0]0 0000 0[0(0]0
0/0(0]0 0/0[0]|0 00|00 00100
0/0(0]|0 0/0(0]|0 0[{0]0|0 0/0(0]0
0/0(0]0 0/0[0]|0 00|00 00100

Bl 13~ Case | #& 72 & Fr 2| %15 K& =~ 2§ 5] (a) p;in encoding (b) p{ in
decoding (whenq, =(,) (c)Re-quantization % = in decoding
TR 3@ PET, BT, R BRIk A AP RT,
781 > P Super TreeT,, , =& ¢ ®IFIM>I4 g it 5 2 - B 13(b)%& 7 > &
Decoding P& i5-k i 5 K Erw, > *r 38T & T, i€ {7 re-quantization % % 3%
L HERP NP FARY SR B =0, FRT, AT, A RS
HiE B P A3k %0 reference error > P PFF R D ARFFEFELE RS o

Bl 13(c)& 74 T, 8T, 27 - pprs % 4 £ 7 reference error P¥ » 7§ & j2

i% 1t re-quantization > 7 ¥ FF Q) >(, °

R
Bl 149 B4 m8 MaiF 1307 T, Bt B2 R 3@HEN %

B L jE o o iji—{? WA d EAregion AP EE - BEICFELZLE

géi_1(j)_€2i_1(j)a j=1725"'~342 o ek 5£i_1(j)_52i_1(j) 7;" 0 ElJ%‘ 7T :;/’ J [

o
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FHEE ek gy (e (D F 5 00 BIAA S ] mn § H2RL FRR
$ AR
11110
11011 0jo|o0]|oO0
?"Sé’*’fﬁ}"]i 40 4 4 ... 8 8 8 0

33.2Case2: (§ g =q  F%3)

t 3k # case 2 fHR BE 2 W > 2 i L ¥+ Magnitude of a Super Tree - i i§ ¥

S 4

sh ¥ % > — 1 Super Tree ¢ magnitude M, 45 578 4+ Super TreeT, # #75 i #cd

Y >

G2 Lot R AL AT Y R G 2 TRE @ | o Case

2 g4 A BAF - H- 5 encode B0 (T,,,Ty)® 7 — % Super Tree h

magnitude -] >t AP AT R 2 % R4 ¢ 0 ¢ 1§ quantization step iF | &+ B (FUE
¥ 3154 k) 2 = % decode FF(T,,,,T,,)2 magnitude 32| 3+ %% = Bl 15

- BolF o
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(a). Inencoding — #iE 7 it 2w

T2i—1 T2i
0{0 100 ...uu 0{0|0]0 00100 ....... 0[{0(0]|O
0]0]0]0]| .eneen 0701010 0]0]0]0] .uueeune 0000
0{0 100 ...uu 0{0|0]O0 00100 ....... 0[{0(0]|O
01000 .urnee 0701010 0]0]0]0] .uueeune 0000
0[O0 1]0] .euvn 0{0|0]O0 1{00]0] ....... 0000
01000 .eneen 017010 O] 1 ]1]0] .ueenee 00110
01 11| .eu 0[10]1 01101 ...... 1011
L{O[T [0 eoenne 1{1]1]0 010 1[0 .uueenne 1100
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e(D=x(D-QX(Dly, A=A, 2 ¢ 1=2i-1,2i & decoding P¥ > 4% T, &
T, caM,, & M, 35| 3t 2 2% 2 41 magnitude B I #: 3 7 Re-quantization p% £
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¥ r § Deadzone Scalar Quantization

Watermarking Algorithm
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; | [ ]
i ! 1| |
A min = F)a + : : : :
2+ KRRy, Ry
5
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4.2 FA IR LEiERRL P

fRig-keriEsed 3 AEH 2 WAL
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- % tree {7353 £ 14 » P & decoding F¥F » 2 45 F|iE B & encoding ¥ 4P
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AR TF kB o Ao R 200 e
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ﬁiﬁﬁ{i—‘du&ﬂ& 5 ——s{ Super Tree2 |— 1 N o] o] i i i Z @
F4EEIM *
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Reference Error

@ Quantization in Encoding
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R D 7 P LR Y andr g pixel endicE v R AT ERECA K 0 2 AT
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4.3 Filter Bank 2_:% 3%
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g * fencoding ¥ 0 B4R E | AR > P E 2 =2 1536 2 Super Tree
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f.(m) = probility[M, < m]

4
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42 & APHH Te(j))F4LE2 A2 > g Filter Bank 7 ¢ 858
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Te () E B2 FTRI0T
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4.4 Uniform Deadzone Quantization Algorithm for

Watermark Extraction

- RFRPGAT I F R BEP A E T AG e R
B2 R EEUARACR] 23 4T o - BAe R iR B Mtk 2 B ) A A RIS
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HY » | =2i-1,2i j=12...,L
0 1 3 6 12 24 Pkt1 _ gkl
XI,(J)m : : : : : : ----- : >
e N v J - ) \ A )
XI(J)mq ® @ @ < .. . o >
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Step 1 © #-it 93 " R chlogo ~ i * F BT 2 45 it & A AP M T 53R
— % one way hash {¢ {¥+1 8% 5 7|(PN code)’ ™2 #* PN code 5 ;%K B o

Step2 : o] R ISR GEE > T - BREF DT N B B
BAFE L 25— B supertree T, » 2 ¥ k=1,...... J2N, ok ®i=1-

Step 3 : 4k M(T, )<e & M(T,)<e > BIA =A,,, T2 # 3 Step6 FRIFH 2
Step 4 -

Step4 - k2 =1 6,,,1)=01% ¢g,1)=0

Step 5 © while (((&£,,(0;) <€) or (&5(G;) = &))and G <0, )i* & &,,(0) & £,(0;)
TREQ =q +1 -

Step 6 : 4% 2% <A L RIA, = Ay, 0 B AFA =28 (4B 18 #rEE T )

Step 7 : 4o W, = —1 R4 T, B FREET, AT~ ok Ti=i+l o

Step8 : 4r%i<N, ° E‘J?E'I%&%: o

i

Step9 @ #-o Bz | Al Sd F ) REHREFINZTRFES > T -5k o r %

4.6.2 %~ }\':Pﬁ"ﬂ,/:ﬁ’.n/z

Step 1 : I 4x » 342 ? hStep 1 » B~{F J i~k & PN code °

Step 2 : 3+ prfgig-ker gl ik? » & B i iz = #c b(bits/pixel) o 12| Rk 4k
EOE S hEE > X - BRSNS Bl AR E S G
- [ supertree T, » H*¢ k=1,...... J2N, ckEi=1-

Step3 K EA =A, o

Step4 @ ¥5 B 2T, ¥ hikdexy ()2 BTy * il () AR
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Modularization (j = 1,...... L) ¢
X;i—l(j)m = X;H(j) MOD A; S

X3 (D =% ())MOD  A;

Step 5: ¥ X5, (1), 2 X5 ()),, i& 7 deadzone scalar quantization (H # j=1,2,...... ,L)

Step 6 -
Step 7 -

Step 8 -

Step 9

i¢ > #¥ ] modularization i it # R #cih A T2 5 X, (Ding & X5 (Dig ?
BFH AT

£ Z,()) = pow2((int)[log(x/(]),,)/log2]+1),I =2n—1,2n

IF X(j)y <1.0,then X/(j)p, =0

Else if X{(})n =Z,(])—Z(j),; /4, then X{(})ng = Z,(})

Else X{(Dnq =Z/())—-Z,(j)/2

IF X (g = Ajsset Xi(1)ng =0

4o % Mean(Tmaq,, ;) <Mean(Tmqg,;) #l W/ =-1>F 2w =1 o
KEi=i+1 4ok i<N, > PlwFLStep?2 -

3+ ¥ normalized correlation coefficient p

Dhek p A PEE oy RIA IRk E S b B RN REL B 2 G

fig ok e o

52



S IR . =X Fe >
%1 F S G =~ 5
I S A CIY ST R It s T e
ST NEP AR R R T FRE 4 2 iR
Tae S H AP R PREF AL e fg R EATE R PR L@ o

AR ETIIELTH (AR RS LT

(a). (b).

B 26 ~ Fo&4Tid % = kPR
(a)Lena
(b)Goldhill

(c)Peppers

F B¢ AT A5 4 b v £ e Lena ~ Goldhill 2 Peppers = 58 B » @ 4% »
KB {5z R S H 0 MU A M A42iE 38.2(dB) - 38.7(dB) 2
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30.8(dB) > iEHE # W A% B REE[1]% AL AR A - B TEANt R

v =

A# > FREAFATER 2 2 §RBALIES L o

~

LAY AR TG 0 AHT R R R B G 512 gl #F R

71> B £ 1 P & (Minimum quantization step)3ik @5 160 &< g it 251 &

?é%

T
&

% 336 5 £ {4 11 Normalized Correlation i 3 ¥ Kk &° Existence &1 jp|3

» F®
E 0=0.23"> ,]* #_t% False positive probability & 1.03x1077 2. T i& {7 Jp j5-k &0 g

Rk B2 v g

FERPIEN FT LA X By T AP ﬁﬁ‘f:sp\ 7|4

R AN RIFER &
FR S 4 JPEG compression ~ SPIHT compression

Median-filter~ Bitplane remove ~ Pixel shifting -
T R A
Filter.convolusion ~ Rotation and scaling

RSN
e

R T Multiple-watermarking attack
R 3 kBB R4
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5.1 JPEG Compression

JPEG d R"Z L% e (International Organization for Standardization - f§
ISO) fr W % T 7% % #¥ 7% £ R ¢ (International Telegraph and Telephone
Consultative Committee > f§ iz CCITT) #7i& = - i foiz 2 /R ‘{ﬁ’]‘}-iﬁ N
BHEBGRES & o JPEG el = 2 ch g - 89 o7 21 <00 Block 3 ¥ =
% B0 g Block 1 * #ici 452 #4342 (Discrete Cosine Transform - ff £
DCT) #h# 247 F 815 B FH Y 20 B4 A LR amtipd v Wiy
MFER DT LR BT DD e B JPEC BGFR A LRS- 4

AL i @i ife € § 4 B enI % > 4 i JPEG 1% E - &7 24 * compression

ratio Z#c k 4 1L ] e o

A,

11 JPEG B 543 o S %
T 4B e (quanlity factor = 30)
correlation = (0.28
B 27 ~ ko Lena #2112 JPEG B AR # B ot F B8 2 v f (@) R 4@ i
(b)JPEG & %51 2. # e -

B 27 - Bt geni)s o B0 Bl()s R B((0) s 58 JPEG R
(quanlity factor = 30)%s 5 % » Bl [ > 0 2 @RI B & F 0 2 B
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i e fE fi‘fﬁ:@
BHEESE

(a).Lena

L R 17 oK B ez 2(p=0.28) -

Correlation value

0.9
0.8
0.7
0.6
0.5
04
0.3
0.2

01

(b).Gold hill

e

proposed results

3 Results from [1]

0 10 20 30 40 50 60 70 g0 90

Quality, factor of JPEG compression

Correlation value

1.2

0.8

06

0.4

0.z

0.2
a

100

proposed results

Results from [1]

1 1
10 20 30 40 a0 g0 70 a0 a0

Quality factor of JPEG compression
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(c). Peppers

Correlation value

1.2 T T T T T T T T T

04

proposed results

ok Results from [1] i

_0_2 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

Quality factor of JPEG compression

B 28 ~ = % B >t JPEG 5o ¥ 2 KX #2 & (a)Lena (b)Goldhill (c)Peppers

B 28 cnF RSP o Bl(a)~ (b)2(c)~ % Z 12 Lena ~ Godlhill 2 Peppers
s 5 % ¥ % 0 K LIPEG hquality factor & 1 | 100 i& 7 R 4508 - = 5%k & 5
2 [1]

B% o5 BT P ES A2 0 590 Lena B4 R T gk e

L A LTS VLR ER E O A S 35 S

-
4

iy 0 LR AEE 20 %+ o JPEG B Rl i5ok e o @ & Goldhill
SR Y 0 AL MPURSER 4 0 d R G #30[1]3 2 3 20 o k& Peppers ¢

FRRGFEAE AT 0 FES B AT FRE N T2 HEA -
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5.2 SPIHT compression

SPIHT compression € - f& wavelet-based B/ /R&gw &% » 2 > & 5 Set
Partitioning in Hierarchical Trees (SPIHT) v &#_% 1996 & d Said & % iﬂ" i
g1 B oo A AT NELUR ﬂ’ﬁﬁ%—l?‘ MPEG-4 £ JPEG-2000 =74% < $ s o SPIHT
BB BT RAFE (B RE G A B E TP RE 8 R 2a 3) 0 &
2Rt BB P i R B0PRT 5 e 8 4 (Prograssive image transmission) » + e

A_Receiver it Peid 8 T AR i R F i E G BT B Y BT A

[

o gt #b -3¢ ¢ encoding ¥ decoding speed 14 % % % B @éﬂ”ﬁ . % SPIHT

R o

W 29 £ @} & e SPIHT R 55 2R 455 1 ¢ $1% - B 29(a) & A

% (b) & J 4R (538 Ditrate RIS R AP R R
Rl kEr Ao

(a)

" SPIHT $§ R 4514 5 %
B4 Lena & (bitrate = 0.3, PSNR=33.33)
correlation = 0.32
Bl 29 ~ Fk Lena # #gr SPIHT /& R 2 %4 P (a) R 4B 1(b)SPIHT /& 5 15 # e
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LS

28 A0)R[1FF7 %% 3 B A7 EHBRY o AF%E5Y > Lena B3 &
bitrate % 0.3+0.4 p¥ f>[1]2 % % o Goldhill e/ % W& B> [1]% % > ¥ ¥ % bitrate
5 03~04p5 5 2RI FKE o % i & Peppers B8 8 & 2 J& 0 e 2 40

R Rl RE s 2B AR Y EE LT[R R .

(a)Proposed results

0.3 0.4 0.5 0.6 0.7
P 0.32 0.49 0.61 0.71 0.79
Lena

PSNR(dB) | 33.76 34.64 35.16 35.52 35.87
P 0.23 0.32 0.38 0.51 0.66

Goldhill
PSNR(dB) | 30,80 31.68 32.45 33.07 33.57
P 0:27 0.46 0.61 0.73 0.80

Peppers
PSNR(dB) | 33.61 3441 34.83 35.17 35.49

(b)Reference from [1]

0.3 0.4 0.5 0.6 0.7
p 0.21 0.41 0.85 0.83 0.85
Lena

PSNR(dB)| 33.1 343 34.6 352 36.7
p -0.06 0.02 0.23 0.27 0.35

Goldhill
PSNR(dB)| 31.7 324 32.9 332 34.1
p 0.36 0.66 0.65 0.71 0.85

Peppers
PSNR(dB)| 33.13 33.6 344 34.7 34.9

# ¥ 4 ~ SPIHT compression (a)Proposed results (b)Reference from [1]
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5.3 Median Filter Attack

Median Filter &_% L e e @it » T § * 3 Kfﬁ e P F ez
(Noise) » 7 i~ F|ptig = 7 B ifenfiok it - Median filter ¥_non-linear filter -
f& o ¥ vt - Sehnon-linear filter £ 3 { F daar it F1 A U s iR B B4
3R (> (sharp edges)e 7 4 BL 43038 B pF2EF X3 2 S0 H R AE &t A mask
PR TR R PEZEY PR o fRAR B PFR 2 £ v quicksort iEFRE O

iT o

Median Filter Attack € it R 32 :

Median filter £ - B 32 B3 e o2 2 > AP * - B 2-D ¢ Mask
Be— WAl E mxn R Png cnBLIFdeaE - =t o § Mask apply IR kP = -
BERBEF TR R I EE ) F FATe R ch— BEE o 4o 30 #7
77 0 M 3x3 ehimask - 3B R AR it TR s B (A BT P BT FTA A PR
F¢ BB FiEoaiE i mask #1900 B o R4sBA5¢ mask P i

H(3,3) > B féfi_mask ¥ @3 B F et BAEEG3)EE -

1 2 3 4 . n 1 2 3 4 ... n
1
2
.3 .
4
- | W
m

B 30 -~ Median Filter & i i 32
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Bod @en? s Femask ¢ e F PR 0 B A Y B eniE o 40T E]éﬁ%i’n]b’“r

T -

135 | 152 | 106 | R4-F# 1 135,152,106,83,98,72,56,65, 41

B3 | 98 | 72 | A :41,56,65,72, [83] , 98,106,135, 152
56 | 65 | 41

e FiE D 83

Bl 31(a) = %> Lena B]7; > B 31(b)&_12 6x6 ¢ mask size ¥ 48 bl 3
B T PSRBT 1 0 RS @ BRI
W ART L (D)R P MR kT A(p=0.28) ¢

(@) (b)

1 6*6 median filter ¥+ 82 ot # & %
correlation = 0.28
B 31> 4> Lena ¥ % median filter &J2 6 8% 52 P8 (a) 408t (b)12 6%6
median filter &2 1§ 2. B

B 4o e

B
Bt 57¢ 0 Af S(@)E A K A2 20 £4 Lena ~ Goldhill ~ Peppers

Z M7, 0 A b Masksize i (7@ Bl i5 itk o A S(b)F B HLE kP 4
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T[] ML AR S@UTRSFHE o d A SR T A A

F A en™ JE G 49 ¥ P mask size £ _2x2 ~ 5x5 eni®* (H I i A Lena iF SxSmask

WA RE kB p=0.28) 0 55 BT & (b)(Ft #54 mask size £ 2x2 ~ 4x4)

(a)Proposed results

Mask size| 5,5 3x3 4x4 5x5 6x6

Images
Lena 0.48 0.85 0.38 0.43 0.28
Goldhill 0.45 0.81 0.33 0.32 0.20
Peppers 0.62 0.89 0.36 0.41 0.20

(b)Results from reference [1]

Mask size
Images 2x2 3x3 4x4 5x5 6x6
Lena 0.38 0.51 0:23 NA NA
Goldhill 0.35 0.56 0.24 NA NA
Peppers 0.46 0.71 0.25 NA NA

(NA — not availibale)
# ¥ 5 ~ Median filter attack (a)Proposed results (b) Reference from[1]
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5.4 Pixel Shifting Attack

Pixel Shifting = ¥ - #&f§ ¥ < spatial domain sz # = /% » FEHP P & -
B row 2 column &gk ~ A TP o B 18 B R he B RBE AR 0
LN SRS NS XY BN RS SE

A FoR B % 3 B aE o A ff pixel Shifting types #-f &K T g7 4 5

Pixel Shifting - Type 1
g f? & Brow (T4 > #7F dhpixel A+ =B nBE oAbt S

Ik gn B pixel PIAT F] 2 row ek 2 0 ,T-%E'-J'} = — 1B circular shifting ° 4o

Bl 32 #7ro1 -

Peppers i1+ shifting 9 # pixels
(& * Typel =)
Bl 32~ J 4 Peppers B 1522 type 1 shifting ¥ 2. ¥ & (a) & 482t (b) 4 typel
shift 9 & pixels 2. # i}

Peppers F 487 T
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Pixel Shifting - Type 2
AR ? & B column 45 » #73 hpixel AT = nBif @ &T 3
% ik en B pixel BIAFT P4 column s F 2 0 e $k .35 = — B circular shiftinge

4o@ 33 #roT

(a) (b)

_Peppers /1T shifting 9  pixels
Peppers F 487 T ,{ :1_-__|_-._;-.:: pp’gz ; g‘ i P
T A (R Type2 i)

M 33~ 7% Peppers & 8 type 2 shifting # 4z $ P (a) R 49 fie ()1 type2
shift 9 i# pixels 2. & if

L—{l

BEEEE

4 67 > k(@ (c)s B 5 A &% type 1 & type 2 pixel shifting 2. F
FERoabGBEDIEFTHY T PTHREE -

(a)Proposed results - Pixel Shifting Type 1

3 4 5 6 7 8 9 10 11

Lena 0.40 | 091 | 0.31 | 0.31 | 032 | 0.84 | 0.27 | 0.23 | 0.17

Peppers 048 | 098 | 042 | 0.36 | 0.41 | 090 | 0.35 | 0.21 | 0.23

Goldhill 0.51 | 093 | 046 | 045 | 0.48 | 0.89 | 0.36 | 0.34 | 0.26
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(b)Results from [1]-Pixel Shifting Type 1

3 4 5 6 7 8 9 10 11

Lena NA | NA | 028 | 034 | 0.29 | 0.81 | 0.26 | 0.19 | NA

Peppers NA | NA | 036 | 035 | 041 | 0.84 | 0.29 | 0.21 | NA

Goldhill NA | NA | 032 ] 034 | 029 | 092 | 0.29 | 0.26 | NA

(c)Proposed results - Pixel Shifting Type 2

3 4 5 6 7 8 9 10 11

Lena 040 | 0.89 | 036 | 0.29 | 0.39 | 0.82 | 0.29 | 0.21 | 0.21

Peppers 0.50 | 0.99 | 0.40 | 032 | 0.40 | 0.90 | 0.26 | 0.18 | 0.20

Goldhill 052 | 095 | 038 | 0.34 | 0.39 | 0.87 | 031 | 0.27 | 0.20

(d)Results from [1]-Pixel Shifting Type 2

3 4 5 6 7 8 9 10 11

Lena NA | NA (027 1 033°] 027 | 0.82 | 0.25 | 0.17 | NA

Peppers NA | NA | 0.3747031°1 043 | 0.85 | 0.25 | 0.20 | NA

Goldhill NA | NA | 034 | 033 | 031 | 091 | 0.28 | 0.27 | NA

# ¥ 6~ Pixel shifting attack (a)Proposed results(Pixel Shifting Type 1) (b) Reference
from[1] ( Pixel Shifting Type 1) (c) Proposed results(Pixel Shifting Type 2)
(d) Reference from[1] ( Pixel Shifting Type 2)

d b F5v Y —Jﬁ o AR g Arde e 2 44 % o0 Lena £2 Goldhill B
A58 T UG s I9 B fF A5 (¢ Z type 1 2 type 2 e Sk i %)@ Peppers
¥ type 1 % type 2 pixel shifting » st #3010 B §F 4% o2t P SR B 5 7 1Y
—% d1 > k2 ¥ pixel shifting Gdsdui 4 2 23 H 2 Ak 0 7 BN 22 HAE

BArd i 2 e, 3 oaas4e 0 M2 B % o
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5.5 Bit-plane Remove Attack

# “,f spatial domain 57 LSB #_% . ¥ % 5 F (7@ thplsh = 2 » H 0z 1.3
Ao R 4Gk o B K LSBo B P k=12,..8 0 § K g1 B R
PERIE B R £ (1 F TRERA ) T 6 5 - BET- B opixel #rp 4 3
® LSB e+

B4 Foo EABEBLFH

85 D 010001 @ , 1010000 3, 8o

(b)
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BEZEESY 46 LSB 7 2
ork i 2 % p=0.28
Bl 34~ Rde Lena B8 #F 2 B Y 5 Bk 4 B LSBR AL HE (f 48
e (D)3 39 4 i LSB 8 ki it &

J 4 Lena #2

RHREE

(a)Proposed results

Images LSBs 1 2 3 4 5
Lena 1 1 0.98 0.83 0.16
Goldhill 1 1 1 0.82 0.20
Peppers 1 1 1 0.70 0.11

(b)Results from [1]

LSBs
Images 1 2 3 4 S
Lena 1 1 0.99 0.52 0.11
Goldhill 1 1 0.97 0.38 0.14
Peppers 0.99 0.96 0.90 0.64 0.14

# ¥ 7 ~ (a)Proposed results (b)Reference from [1]

F 4 77 > £(a)H d A eh3 2 > %30 bits remove attack 2 F H L% o

HORE S EASIES £ 5 LR It il Rt S P XN N 4

24

»

SELE SREEE & LRSS SEGE S Al K LR

Hoj Rk amek o S ke R AR B ERS
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5.6 Multiple Watermark Attacks

-k B en[§] A5 8 7 multiple watermarking attack €7 p =7 A4

~.

- ke 4y
TERBESRR AR SR B A SR B B S e iR iE

KB NI RE R Aot ] RREFRET G E 2 T R

€ kEr s en 2
BA Y AF R o Aok - SRR E R iRdy PSNR R SRR ST o 1

goldhill % & » 2% 9 -4 = 5% K B {3559 PSNR i%4F 5 »% 38.7dB » A F PFiedsr

HEMEFSIE] > RS ET KB RE g b - RBRATRY o o - R
TR KGR~ ik % 5k E g e o) 35(0) T Goldhill
*f" -Q“"::-f'

GRS SN 31 r“ﬂ IR s 2(p=028) -
L = %

(a) ;—j.u L d(,b}”' il 3
- N -

A s 4B REZ B %
correlation = 0.29
Bl 35 4> Goldhill 82238 #h 4c » 4 Big-k 2 B2 HEB (a)R 48 H (b)
fer 4R FORERZ BUR S S

R 4 Goldhill #
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B

i

L 8@)E A A Rk PR

24 8D)E 2T H[1]2F%E%E o d 2@ D) RY 7 UFRA
B ET L RFEEO s 4 Bk E o F[1]e0 3 B EKE o AR
b FERCh e 152 B E-REP PR A 2 fh correlation N[1]e0% % 0 A i B3R ¢ 4
* 34 Bk e is o BAS T #R(1]99% (PSNR B > & 7 40 » d5g B R ) > °
fRAE-ker 2 R g 1] e

(a)Proposed results

1 2 3 4 5
p 0.78 0.56 0.39 0.24 0.14
Lena
PSNR(dB) | 34.05 31:55 29.71 28.35 27.14
p 0.76 0.54 0.34 0.29 0.15
Goldhill
PSNR(dB) | 34.86 S8 30.47 29.09 27.94
P 0.74 0.54 0.34 0.25 0.21
Peppers
PSNR(dB) | 35.68 32.96 31.01 29.52 28.46
(b)Results from [1]
1 2 3 4 5
p 0.65 0.41 0.27 0.11 NA
Lena
PSNR(dB) | 35.50 32.78 29.35 28.05 NA
P 0.79 0.45 0.31 0.18 NA
Goldhill
PSNR(dB) | 35.26 31.50 29.71 28.57 NA
P 0.80 0.53 0.31 0.22 NA
Peppers
PSNR(dB) | 34.53 31.99 30.19 28.81 NA

# ¥ 8 ~ Multiple watermark attack (a)Proposed results (b)Reference from [1]
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5.7 Rotation and Scaling

*F E 2 R|EEEHE* StirMark [32]4c %8 & 7 B 0 StirMark ¥ - £ watermark

30

#li#2 benchmark > ¢ 7 7 & 487 g @ o3k o &4 # 9(a)Z(b)¢ Rotation %
7+ degree > & Hrndegree s MEFF4E T dEdE & B 0 f e degree G i PEAE S w

THEER AR VgL WA ARG T REFESTH [ F2e

(a)Proposed results

Rotation 0.25| 0.5 {0.75] 1 [1.25| 1.5 |-0.25|-0.5 |-0.75| -1 |-1.25|-1.5
P 0.46|0.28{0.24|0.25]0.26{0.20(0.46|0.30|0.29]0.19{0.20 | 0.23
Lena

PSNR(dB)|24.1{22.3{20.9(19.9|19.1|18.4|23.5{21.4|19.9|18.9|18.1|17.5
p 0.4310.24|0.2410.25|0.2340:24 | 0.48 | 0.380.230.20 | 0.25|0.20

Goldhill
PSNR(dB)|23.5|21.7 {:20.7/{20.0 | 19:57| 19.04 23.3 | 21.6 | 20.7 [ 20.0 | 19.4 | 19.0
P 0.50{0.37 0.351:0:26-{-0-2040.127 0.49 ({ 0.30 | 0.31 | 0.29 | 0.21 | 0.14

Peppers
PSNR(dB)|23.2|21.5 (201 }09.1 | 18:3(17.6|23.1|21.0(19.6|18.5|17.7|17.0

(b)Reference from [1]

Rotation 0.25( 0.5 |0.75| 1 |1.25| 1.5 |-0.25/-0.5 |-0.75| -1 |-1.25|-1.5

Lena p |0.37]0.29(0.26|0.24| NA | NA (0.32|0.23]|0.24|0.16| NA | NA

Goldhill p 10.33/0.24/0.21]0.15| NA | NA |0.38|0.27|0.25|0.14| NA | NA
Peppers p [0.41]0.30/0.26/0.17| NA | NA |0.39]|0.25|0.25]0.16| NA | NA

# ¥ 9 ~ Rotation and scaling attack (a)Proposed results (b)Reference from [1]
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5.8 Filter convolution

* 9 % H° spatial domain ¥ - 12 % Je (T e filter ¥ thag (T AR 0 HF 0T
RI® ¥ 53 & median filter g 07 o @ Sk i * 7 A g A * 2 Afilter -
Gaussian Filter : 7 & 3¢ 75 Gaussian filter it i | 82 gt i* chp e Fokv @ *
eimask 5 {121,242,121} > & scaling factor % 16 -
Sharpening: 3% 3 8 i % 2 20 AP IR e E #7 * chmask 5 {0-10,

121,0-10} ¢

BEHESE

(a)Proposed results

Image ;
Filter Lena Goldhill Peppers
Gaussian Filter 0.89 0.91 0.92
Sharpening 0:87 0.63 0.89

(b)Reference from [1]

Filter Image Lena Goldhill Peppers
Gaussian Filter 0.64 0.56 0.74
Sharpening 0.46 0.39 0.62

# ¥ 10 ~ Multiple watermark attack (a)Proposed results (b)Reference from [1]

71



5.9 g R

A5 ELSSEMPRER A2 2 H[]S 2L RA IR AR
11 ¢ ”Yes” % 4 i 39 14 ¥ 5 K& » "No” 4 7+ &% W B 115 K& > #p| Lena ~
Peppers 2 Goldhill = & 38 F b 7 3L BR Gobifod 24 11 7 12 —Ff-,-
41 & JPEG(QF=25) ~ Median filter(5x5) ~ multiple watermark(5 watermarks) %
Rotation and scale (rotate = 1.0)2. F % ¥ » & = & it >NiplE2 = R B 7 315k

B i {8k B R B L e o

Attacks 1] Proposed
JPEG(QF =30) Yes Yes
JPEG(QF = 25) No Yes
SPIHT (bitrate.=0.3) Yes Yes
Median Filter(4x4) Yes Yes
Median Filter(5x5) No Yes
Pixel shifting(type1 ; 9 pixels) Yes Yes
Pixel shifting(type 2 , 9 pixels) Yes Yes
Bitplane remove (4 LSBs) Yes Yes
Multiple watermark (5 watermarks) No Yes
Rotation and scale (rotate = 1.0) No Yes
Rotation and scale (rotate = -0.75) Yes Yes
Gaussian filter Yes Yes
Sharpening Yes Yes

A 11~ R R A
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o

= 2L =N by x7
A S §n .'Z. }1% P

7 N

-r;n

NPT Y T TS CCICER SR S N S g
{6 P H4F hlicie = 2 Super Tree ¥ » ¥ % decoding * 4| * Super Tree Pair

PI(Ty, 1) B3 — 1% Tree A€ L e RILF JE5-RE o THF B2 D e R

Bl T

3 XS T AV EREEE ST SN ILE G SRR
MFER * B2 K F](Case 1 % Case 2) > ¥ # 1L 2 j# o Minimum quantization
step A, s E & > /i encoding £ it 1% 3 2 decoding PR BN BT €

3 - RepfiAg 4 0 e BFosuper treé emagnitude &) FFRA L F (TR L FE R o
%+ decoder ¥ » Uniform deadzone scalar quantization ¥4 5 -k &= B 2 B~ {8 »
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*4%(— ) Filter Banks

1. JPEG 2000 Filter Bank
H, H, G, G,
0.026748757411 0 0 0.026748757411
-0.01686411844 | 0.091271763114 | -0.091271763114 | 0.01686411844
-0.07822326653 | -0.05754352623 | -0.05754352623 | -0.07822326653
0.266864118443 | -0.59127176311 0.59127176311 | -0.266864118443
0.602949018236 | 1.115087052457 | 1.115087052457 | 0.602949018236
0.266864118443 | -0.59127176311 0.59127176311 | -0.266864118443
-0.07822326653 | -0.05754352623 | -0.05754352623 | -0.07822326653
-0.01686411844 0.091271763114 -0.091271763114 0.01686411844
0.026748757411 0 0 0.026748757411
2. 9-7 Filter
HO Hl GO Gl
3.782845551e-02 0 0 -3.782845551e-02

-2.384946502¢-02

-6.453888263¢-02

=6.453888263¢-02

-2.384946502¢-02

-1.106244044¢e-01

4.068941761e-02

-4.068941761e-02

1.106244044e-01

3.774028556e-01

4.180922732e-01

4.180922732¢-01

3.774028556e-01

8.526986790e-01

-7.884856164¢-01

7.884856164¢-01

-8.526986790e-01

3.774028556e-01

4.180922732e-01

4.180922732¢-01

3.774028556e-01

-1.106244044¢e-01

4.068941761e-02

-4.068941761e-02

1.106244044e-01

-2.384946502¢e-02

-6.453888263¢e-02

-6.453888263e-02

-2.384946502¢e-02

3.782845551e-02 0 0 -3.782845551e-02
3. Orthogonal Filter
H, H, G, G,

0.034148 -0.819964 0.819964 0.034148
-0.005255 0.126182 0.126182 0.005255

0.546777 0.107602 -0.107602 0.546777
-0.107602 0.546777 0.546777 0.107602

0.126182 0.005255 -0.005255 0.126182

0.819964 0.034148 0.034148 -0.819964
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4. Haar Filter

HO Hl GO Gl
0.7071067811865 | 0.7071067811865 | 0.7071067811865 | -0.7071067811865
0.7071067811865 | -0.7071067811865 | 0.7071067811865 | 0.7071067811865

5. 18-10 Filter

HO Hl GO Gl
9.544158682¢-04 0 0 9.544158682e-04
-2.727196297¢-06 0 0 -2.727196297¢-06
-9.452462998¢-03 0 0 -9.452462998¢-03
-2.528037294¢-03 0 0 -2.528037294¢e-03

3.083373439¢-02

2.885256501e-02

2.885256501e-02

3.083373439¢-02

-1.376513483¢e-02

-8.244478228e-05

8.244478228e-05

-1.376513483¢e-02

-8.566118833¢-02

-1.575264469¢-01

=1.575264469¢-01

-8.566118833¢-02

1.633685406e-01

-7.679048885¢-02

7.679048885¢-02

1.633685406e-01

6.233596410e-01

7.589077295e-01

7.589077295e-01

6.233596410e-01

6.233596410e-01

-7.589077295e-01

7:589077295¢-01

6.233596410e-01

1.633685406e-01

7.679048885¢-02

7.679048885¢-02

1.633685406e-01

-8.566118833¢-02

1.575264469¢-01

-1.575264469¢-01

-8.566118833¢-02

-1.376513483e-02

8.244478228e-05

8.244478228e-05

-1.376513483¢e-02

3.083373439¢-02

-2.885256501e-02

2.885256501e-02

3.083373439¢-02

-2.528037294¢e-03 0 0 -2.528037294e-03
-9.452462998¢e-03 0 0 -9.452462998¢-03
-2.727196297¢-06 0 0 -2.727196297e-06
9.544158682¢-04 0 0 9.544158682¢-04
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3.2.2 Uniform Quantization for Watermarking
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5.3 Bitplane Remove Attack
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