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ABSTRACT

In this study, we propose an architecture based on digital watermarking techniques to
solve the issue of copyright protection and authentication for digital contents. In order to design
better visual effect of visible watermark image, we adopt the visual quality measure based on
HVS (human visual system).

In order to get the best tradeoff between the embedding energy of watermark and the
perceptual translucence for visible watermark; the contrast-sensitive function (CSF) and noise
visible function (NVF) of perceptual model is applied which characterizes the global and local
image properties and identifies texture and edge regions to determine the optimal watermark
locations and strength at the watermark embedding stage. In addition, the perceptual weights
according to the basis function amplitudes of DWT coefficients is fine tuned for the best quality
of perceptual translucence in the design of the proposed watermarking algorithm. In addition
we use VSNR and VIF to test the visible watermarking in order to prove the visual
watermarking framework based on HVS. From the experimental results, our proposed
technique not only improves the VSNR and VIF values and visual quality than other algorithms
but also preserves the visibility of the watermark visible under various signal processing and

advanced image recovery attacks.

Index Terms — HVS, CSF, NVF, VSNR, VIF, Visual Watermarking
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H. R. Sheikh and A. C. Bovik [46] #& &7 - #84F 2 # (F 02 2 AR & F 2 B g
Hen VIF dptk o v L 8R4 2 U8 4 ARk S (HVS Channel) RS2 0 #5184

=<

2 E R A EEA LAE (Distortion Channel) rdZ {8 £ % 5| A 8g4R K % S8 P R

e

.

T B S DA SR Rea R FERend £ A8 0 VIF eidp ik o VIF chfic @ A% 1 &

% B ATR AR o
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SIZ R RS (SRR

31~ I ARE]

TR R AR SR D A RSP R T ARG 2l
3 AREER o BAeA PR e 1 ok B B ke it s AP g F TG A pEhE g P
fhoo Bl AP IRt gk B chi B R W RIRGF IR X B P I 4 Bl G e Rk E S
Fd AR LR AT i 4 B A0 o AP F IR A AR Y & S (Human Visual

System, HVS) & - B M&F /&7 R hp gt o fmf 2 EP -

FRHEIALCEFFEE T RALARY R BT A e g R
s #-7)  Psychovisual <7 § &1 KEARA % V4R 3 38 5 B 3 4F (subbands) ™ 7§
PP AR T RF S Y K SRR e » TR AT R Y o Al
FokE Y A PFTER- BAREIEESARRE LR FAERRETNE - BR
io T i K B o — A A SEARAE % s E_d IND(Just Noticeable Difference) F* 4§
o B2 2 A B B E R AT T 5 g AR 4 TR 6 s B g el

(contrast sensitive function, CSF) ¥ 3231 ¥ 4R & #c(noise visibility function, NVF) % & o
3.1.1 CSF (Contrast Sensitive Function)

b g Ard fichy 37 A S B 508 R AR 1 > Mannos and Sakrison [33]8
AH N FGP R BN CSF A 40T

H(f)=2.6%(0.0192 + 0.114 * f)*g (01 D (1)

A f =0+ fy2 A 7 B 5 ¥ AR & & (cycles/degree) o fy 14 % fy A w|E_ 7 BFAF 5

SIS ES SR BE AN S AT E T LR E X SR LEY T



SR R S H(CSF)d &L o AP T g Tl AR R 2 B FE Y ARE B SE R
B 0.0252 0125 2 FF > MeaaTR RS L MAF B 3 AR 2 B o F)ptd CSF el shv 11 %

RFE- BEE B gdb X AT kA o

1-4 T T T T I I
1.2 -
|_ -]
=
2 08 -
2
€
s 0.6
=
&
0.4
0.2
0 i i i i i i i i i
0 005 01 015 02 025 03 035 04 045 05
MNormalized spatial frequency
[ﬁ[ 1:Luminance CSF
¥t B oS Bl ¥ (CSF Mask)[18][19] 8 4= $f+¢ g aodificse » B34 ] i B (DWT

Domain)e— 8% ;% o $3b B ar S o § 45 17 Bl R B B ]k 2R E
Eor e - g Baraoliod SURE L £ R B A R s BB} ch R
[18]4= ] 2 » Huang and Tang [9]# * 7 4p f &2= 2 R4t g +o i § 40 11 B £ 2]
BAT) RS B AR B 3 Km0 AT AR R el Y 1

BlEL AF BFATL o
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321

3.78 —»
348 —» 5.30
355 —» v 474
3.48 530 | 7.20
2.33
4.74 3.75
2.33 1.00

q%ﬁ' 2:DWT.CSF mask with L1 unique weights.

b5 PRk F A BET L e A 20 A SR K BBORR R BT AP A
% (level 3) > 72 azR e 3 P2 43 H(level, leve2, leveld, levelS) o [9]7 1T = S #ic

(Square Function)# &7 17 >t ¥t B ae S o & gk o

FBIFORF Bk S BT
; (7.20-r" )
=0.01 2
/ 7.20° @

BIBALA AT A fROIER o RIER 2 P R S dikd SURE £ & )

BB o FI3HA 5 B g B S B2 ko) § ek
P 8 F

S
\\\Xr
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0.23 —»
0§7‘*’ 0.08
0.26—» vy 012
0-27 71 0.08 | 0.01
0.46
0.12 0.23
0.46 0.75

[ﬁ[ 3:The adequate modulation rate for each subband.

3.1.2 NVF (Noise Visibility Function)

TR kB AR TFIL 00 R4 R B B IA 4o T AP SR hiF K
B EREFERGD G FLP RN AR GETFOTEE ST ARE L ek ae

S.Voloshynovskiy et al. [34]# &} 7 — f@ ¥ e v L S B(NVF)H>  fon® 8 (L F &
WHATFa § %R o

\H\*

THERE - BGEEBFEY - F R o

prig ) A8 G S A AT R RIS o

B AR R T RS e R R R BAE O FI AT A g RS

TR RSLA SR R e K B 5 R B T I R AR K B a R R R 0 g
Ap 12 PSNR B o i3 i@ S w 1L A gk Er PR A2 R EaE R R =g o Flpt

NVF cpe s 7 gt i * g B - B &3 4 5L & (HVS) gk & e o
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TR 2 a3z 7 AR 30 Bo(NVF function) ¢

1. NVF Function with Non-Stationary Gaussian Model:

- 1
NVF =
(D=1 i G)
With
L L
o2 . i IR R
G, )= —<2L+1)2ZH_Z<X('+‘<’“') X(i, )
1 L
X(, )= X(+k, j+1
X(.1) =y kZL.ZL (i+k j+1
i L APRART B R o2, ) AP HRART P & SR 2 %8 & F)b
NVF & i BT e R e F VB o
2. NVF Function with Stationary GG (Generalized Gaussian) Model:
NVE i, j) = —t D) @)

w(i, j)+ oy

&éﬂw(hbw[n(ﬂYW o AR Gn 2R R R

x(i, ) =x(. J) |

X

I't)= J:e’”ut’ldu (gamma function)'? % rd, j) =

FLDRFRTHEE FR SR HETTE - o 5 BenPid - b3 S i 2

03<y<12 ¥ o

15



3. NVF Function with Empirical Model:

- 1
NVF(I,]):m (5)

bigig- D 2- BAESE o)) LREEEE o LR AHRBEE
O-X max

# > D €[50, 100] 57 2 & 7 e %-Hc o

3.2 DWT ¥EH{InyIE

SRR ey AL SHVS) R B R 0 M) R e

ESNIETE &R
PP RlY RIZAAT T 0 AB. Watson, etal. [20] #% 7 — B @ RIERAT ] A i Rk

PHEaBcE W) > o589 ¢ 2Bk ~ 2w R BT a3 R o SN 4eT

logY =loga+ K (log f;=logg,f,)’ (6)

tipima il g,f, 7 B S o qundo | PEE - f, RIS A5 chh fare i A -

9o Tdpd o Sl THE A T H ko] PR LRSS AT

A SR AAhRme Y o APRY A R AR S BIRT 0 1A R

Wk SRR > ORI % .
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% 1 The basic function amplitudes for a five-level 9/7 DWT

Level
Orientation
1 2 3 4 5
LL 0.62171 0.345374 0.18004 | 0.0914012 | 0.0459435
HL 0.672341 0.413174 | 0.227267 | 0.117925 | 0.0597584
LH 0.672341 0.413174 | 0.227267 | 0.117925 | 0.0597584
HH 0.727095 0.494284 | 0.286881 0.152145 | 0.0777274

3.3 FENRTHNFEE

AN G ot AR F MRS R R ST AR OREP T Y I Fh AT
BRSBTS S B MAE RN e r { SR E R S8 MIE R Y 4
KB R BB ER T RF OFA R o T A PR Y AT A e R PR A

Kb RSO R S ek B R T o

T,, =MT,, if MT,,>DT,,,MT,,=DT,, (7)

HUIIT, , ERPIOEERG | AT e * POREE 1 MT, , SRS (Bt Eosse
| AR -1 PR DT, , BB L Ambaps S (A 3 2 =25
VR B | P e R R 4 -
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E e

006 —:_-'l/ 008
0118 —::* e HL3 012
0l 52';’ 0.08 0.1
HL2 046
LH3 HH3
012 023
LH2 HH? HL1
046 0.7x7
LH1 HHI1

[ﬁ[ 4: 8, , indifferent DWT level and orientation

pun}

(it # e d af9]® Bk AT E Sz B0 5 I R DR BB

U)P&}tifﬁéxeii T 2\ i e ZE f#v‘ s AN R R T T i&vﬁi(NVF)ﬁﬂ“gif%ﬁ% f%’»ﬁ:

ERGFRERLL TR FH N R Y TSkt o AL F T
B #7405 (stationary GG) B i & ¥ #BITiF- kot » % ¥ 25k £y =065 AT ¥

o RBFTARFOREH B F AL AT 2 AR AR S T

U ¥ 1 RGB 84815 YCbCr o %%‘"Féﬂiﬁﬁﬁ?‘ °

(R0 I[20TFl 1 BiO/7 SEARCAS F1 R FURRY (g Y A5 227 [ 1= 5 T 2D B ]
AR R - YRR G FURRY RO ) TAVIFIR - =i =
}%Lilpf'&l%\ﬁ'fﬂ

(UE S T 2 2 R Y e | g S g
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{ﬁij =1-NVF if I-NVF >PxT,, ,1-NVF =PxT,,
(8)

H oy EVRUERY 0 SR pORRE > A KT SHTE Y SRR POREE > NV, FL Y

BT BLEBIT > T,o BT AT AFII o ™ OMIET > P EIP Il ik
T

PO S RS

Xi'j = O ><Xij+ﬂij><Sij+NVFij><K><Sij 9)

UG BB AP el i P IS Yl ST AT R T R R > K SRR
0 Sfyn o i Y e el
4 SO T A G o 3 R R Y RS -

5. JFfRIRET YCbCr €1 [ 5 RGB 15 -
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Original Image

Color-space

) Watermark
Conversion I
mage
Y v
Perceptual |
Stochastic |€— DWT DWT
Model
Basis NVF lx S
Function 4
Amplitudes a, 8- Watermark
Embedding
CSF
Masking ¢
IDWT

Visible watermarked

I

Image

q%ﬂ' 5:The flow chart of the proposed visible watermarking approach
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T WERERERR

AR IET AR AT AR Gk B g o~ ] > T2 R % USC e iR R
B[36]- endid Bl s R4l d 30 F B3 T AR O K id A5 8 Hoan®
&2 > #7120 & * Huang and Tang [9]14 2 Chih-Wen Lin[47]4%& ) 67 28 7 vh 2 o fig
#A g * 7 512x512 24 o e Huang and Tang [9]6077 2 ¢ & A& 2 & P A 5F

1

P RBOM R > g Tl=1 £ T2=350 kF iFis e 2 o

AP A AR G kA S E 6 (2) 2 < ERAKSEFG6 (b) 2
S F IR AL T B RFY 5 512x 5120 B[7-14] 0 (a) B 1 RAe R oo
44 %) % Vlena” ~ “lake” ~ “pappers” ~ “baboon” - B|[7-14] < (b) %+ 7 Huang and

Tang [9]4 1 £~ 7% > BI[7-14] ¢ (¢) &7 Chih-Wen Lin[47]4& 21 ¢ % > §][7-14]

(d) RIEABHYF DG o

(a) (b)

qia‘ﬂ 6: Two watermark images : (a) NCTU Logo (b) IIM Logo
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(@) (b)

(© (d)

(b)

(d)

q%.']' 8: Lena IIM (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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ﬁ%.\' 9:Lake NCTU (a) Original (b) [9] - watermark (¢) [47] watermark (d) proposed approach

R/
Anga..
(d)
qsh‘[[ 10:Lake IIM (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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© | @

ﬁ?{ﬂ 12:Peppers IIM (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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Q%‘ﬂ 14:Baboon IIM (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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4.1 S EEE

R 15 6(b),(0)(d) 7 13 Tt Lena (PEE H 304 » Athe B~ 27 1A 3 RF
ek Bl ok o B 16 5a(b),(c),(d)F 145 ()R K B Mk SRR T L 0k A 5
Dok o B 17(d)Y hF A A L (b)(c) e R A IS [ A5 T A T A [A]DF

25 W 18(d) ¥ o SE Rt (b),(0)® el S iF KT L o

(b)

(d)

qia‘[[ 15:Lena NCTU (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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(©) (d)

(o

@

ﬁ‘;ﬁ[ 17:Peppers NCTU (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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q*é.‘ﬁ 18:Baboon NCTU (a) Original-(b k(c) [47] watermark (d) proposed approach
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4.2 PSNR (Peak Signal to Noise Ratio)

% 7 ¢ #= Huang and Tang [9] > Chih-Wen Lin[47]12 2 A%~ & d1en 2 > A e g #
AR I ok (B 6) 1 & R AR s = B R Rk B g Bl AP A B[R E G 3
Fa T 45 R R A W4 ~ 2 5RiF-K B {2 e PSNR(Peak Signal to Noise Ratio)#ic & °

PSNR Hicifids % 84 7 % BA8 S > 4 Judljide » ik 15 g i PSNR Heifidéi + A8
oo AN PREHEA L RS Aok 3975 0 A& ¢ ¥ 0 I Huang and Tang [9]¢ PSNR
Biid £ T3926.7 *%h < K &7 2 PSNR#ic g T 355 £.29.7> 43" Chih-Wen Lin[47]
7 PSNR #icit 39314 7 AP FEFF ALK G $HenE A SALE R F enp oo T
AR L ok ARG FALBC RO R B it A 2 O A SEARD kG R Al
F ¥ tdp ik 4o VSNR(Visual Signal-to-Noise Ratio)[48]# #_ VIF(Visual Information

Fidelity)[49]% 43 & % 4c 12 78 + 7 2 @818, 7 PSNR #h i & F iz gf -

%< 2 PSNR summary of watermarked color images

Huang ,a Ad Chih-Wen Proposed
Images Watermark Tang’s .,
Lin’s method approach
method
Lena NCTU LOGO 26.93 31.57 29.49
Lena IIM LOGO 26.78 32.67 30.91
Lake NCTU LOGO 26.17 30.76 29.07
Lake IIM LOGO 26.03 31.66 30.28
Peppers NCTU LOGO 26.84 31.45 29.39
Peppers IIM LOGO 26.83 32.48 30.7
Baboon NCTU LOGO 27.13 30.16 28.3
Baboon IIM LOGO 27.16 30.99 29.27
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4.3 VSNR (Visual Signal-to-Noise Ratio)

VSNR[45] 8~ A+t i 2 2 4 54K 4 safd i m 2k 3t ﬁﬂ#ﬂ%ﬁ#ﬁ > VSNR %

\"_'s\-

AR DEE ARG RP AL ORRE -5 - BARLELHGA L LT REH
RATFHEE > v @ )k 5 A#H T ARYE R (Visual Masking) 4 2 ¥ 4R 3%, fr(Visual
Summation) % i BB fHL EHFF S VADL E ook o ALBEBFPH AR L = 2R
3AE BT AFEVE T F2RRAF S ABSEY - o H BB LY RIS B
e gt g ar g 2 ¢ penil B 8 E KPR ehd B A2 R o VSNR ik
EARS > RAPHAIRE S FTARE U E A EARARS o A3 2R * PHEZ D R
% tfte » -k B 15 9 VSNR #kc & - Huang and Tang [9]¢77 ;# VSNR #& & T 3255 5 169
Chih-Wen Lin[47]# # 7= ;2 VSNR #icig T 354 % 222 ~% < # #:7° j2 VSNR # i

Tiax 5 232

%< 3 VSNR summary of watermarked color images

H :
e :d nd Chih-Wen Proposed
Images Watermark Tang’s .,
Lin’s method approach
method
Lena NCTU LOGO 16.96 21.92 23.64
Lena IIM LOGO 15.74 21.86 21.34
Lake NCTU LOGO 19.01 24.29 26.3
Lake IIM LOGO 18.03 24.24 24.52
Peppers NCTU LOGO 17.70 22.49 24.34
Peppers IIM LOGO 16.63 22.46 22.29
Baboon NCTU LOGO 15.92 19.90 21.87
Baboon IIM LOGO 15.22 20.42 20.91
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4.4 VIF (Visual Information Fidelity)

VIF[46J47 48 % 0 BT A 2 ARE &2 B end i ¥ %3R8 U048 4 S
A 4 B (HVS Channel) &2 » #X18 #-4 & 32k %516 2 2 47 1¢ (Distortion Channel) e
Wi ET A AR kSR P AT 0 (S F A SR R Sy yERend B ¥ E O VIF

efp i o i VIF i@ (575427 1 %4 TH 19

- HVS -
E
Matural image Channel -
T Lt HVS —-
source C (Distortion) B =

VIF = Distorted Image Information / Reference Image Information

[ﬁ[ 19:VIF process concept

~

—_ =

At T iz A R s W R AR e ~ 3ok B3 B 0 VIF endic i@ > Huang
and Tang [9]57= ;% VIF #cE T3E 4% 073 ol » A%< & £ 2 VIF #cig T304

% 0.67 » Chih-Wen Lin[47]4& J1 e 2 3 en VIF it B T397E ) 5 0.64 B4 -

%< 4 VIF summary of watermarked color images

H .
uang :d nd Chih-Wen Proposed
Images Watermark Tang’s .,
Lin’s method approach
method
Lena NCTU LOGO 0.69 0.60 0.62
Lena IIM LOGO 0.73 0.66 0.70
Lake NCTU LOGO 0.73 0.62 0.65
Lake IIM LOGO 0.76 0.67 0.72
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Peppers NCTU LOGO 0.70 0.60 0.63

Peppers IIM LOGO 0.73 0.66 0.70
Baboon NCTU LOGO 0.74 0.63 0.62
Baboon IIM LOGO 0.77 0.68 0.68

4.5 JPEG 2000 Compression

TR E R B R T R R e iR 2 AR Rk v B R e T
ERBCP FRIL R ST OGN o BT RSB AR R EDD 2R F T
MR s enisbua 4 > AR kp 242 f:[38]¢% Jasper TR ORPRES ST
LK 2t JPEG2000 B ffubd@ enig (R 50 M AP HA N L BB A
100:3 PR Egv RRIE - BER - MDA b H A g R dogt g ORGS0 PR %
& wliE 2 37 PSNR 122 VSNR 04 5 0 & $2 ¢ JPEG2000 Compression #f >4 = Before,
After, After(wm) iz /& 4 5] % 7 4o~ (K B0 £ 9% if PSNR #c i ~ 5.3 JPEG2000 8 45
582 R 459 ot b PSNR Hc e v/ 2 38 JPEG2000 J& 5515 2 4o » 50K €0 15 Pl e

PSNR # & -

K 5P AP T B AR K EGDD E A After #F T I PSNR B L3554 5
24.7 > Chih-Wen Lin[47]# 1} e~ ;2 PSNR #cig L 5% 25.1 » Huang and Tang [9]e77 /2
PSNR #ciE & M5 5 23.2 - 17 PSNR #ciE 5 A 87 18 F|3 0 JPEG2000 chsc 4 d B &
i< 4 %] 5 Chih-Wen Lin[47]# ! 77 /2 » &35 < 9> ;2 11 2 Huang and Tang [9]=977 2 -
K ¥ 6 ¢ NPV UERAKY FH B F A After # =18 F] VSNR #ciE L3554 2
20.2 ¥ Chih-Wen Lin[47] 3| endici® 20.2 4p F= & ¥ 3 ** Huang and Tang [9]5717.0 - #*
Pt = 8 2 % 7R Huang and Tang [9]eficiE A 47 ¥ PR M T A fE> 2 > @
Chih-Wen Lin[47]¢7 ;% B & PSNR #icig F 1% B3 A3h2 ch™ j2 o 57 {it— # ot
ANz Z #87 j2 5i8 JPEG2000 /o2 {4 0|53 B 200 # ¢ (b) 5 Huang and Tang [9]
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%% ~(c) % Chih-Wen Lin[47]3 2 M 2 (d) 5 A% 2 B3 2 o A P RF A% 4 1 0
B E el B RKER Y 6 A[E] S [S]C[AlZ BE FH L RE BF A dhd e

2 SRR 0 2P R0 (d)PRIAPF % B (b)) ko

%< 5 PSNR summary of watermarked color images before and after JPEG 2000 Compression

PSNR: Peak Signal to Noise Ratio
H hih-
JPEG2000 vang ’a nd | Chi . \,Ven Proposed
Images | Watermark Compression Tang’s Lin’s approach
P method method PP
Bef 26.93 31.57 29.49
Lena NCTU Aeft0 . 24.50 26.78 26.14
LOGO er : : :
After(wm) 28.31 28.20 27.69
M Before 26.78 32.67 30.91
Lena LOGO After 24.40 27.06 26.42
After(wm) 28.41 28.52 28.60
Bef 26.17 30.76 29.07
NCTU C
Lake LOGO After 23.10 25.00 24.73
After(wm) 26.24 26.43 26.12
M Before 26.03 31.66 30.28
L 23.02 25. 24.
ake LOGO After 5.06 75
After(wm) 26.30 26.61 26.79
Bef 26.84 31.45 29.39
Peppers NCTU Aeft0 . 24.49 26.69 26.15
pp LOGO er : : :
After(wm) 28.28 28.14 27.74
M Before 26.83 3248 30.70
P : : :
eppers LOGO After 24.44 27.03 26.37
After(wm) 28.42 28.50 28.65
Bef 27.13 30.16 28.30
NCTU c Ot
Baboon LOGO After 20.84 21.63 21.35
After(wm) 22.60 23.17 23.23
M Before 27.16 30.99 29.27
B 20. 21. 21.
aboon LOGO After 0.78 69 35
After(wm) 2261 23.36 23.57
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%< 6 VSNR summary of watermarked color images before and after JPEG 2000 Compression

VSNR: Visual Signal-to-Noise Ratio
JP2000 Huang and | Chih-Wen
: , . Proposed
Images | Watermark | Compression Tang’s Lin’s aporoach
method method pP
16.96 21.92 23.64
NCTU Before
Lena LOGO After 17.62 21.29 21.68
After(wm) 26.42 26.50 25.80
M Before 15.74 21.86 21.34
Lena LOGO After 16.99 22.10 21.32
After(wm) 26.82 27.27 28.04
B 19.01 24.29 26.30
NCTU efore
Lake After 19.53 22.24 22.57
LOGO
After(wm) 24.58 25.11 25.02
Before 18.03 24.24 24.52
M
Lake LOGO After 19.01 22.49 22.33
After(wm) 24.67 25.42 25.39
17.70 22.49 24.34
NCTU Before
Peppers LOGO After 18.69 22.03 22.50
After(wm) 27.51 27.33 26.59
M Before 16.63 22.46 22.29
Peppers LOGO After 17.95 22.94 22.22
After(wm) 28.05 2791 28.54
Bef 15.92 19.90 21.87
NCTU O
Baboon After 12.98 14.42 14.59
LOGO
After(wm) 14.97 15.84 15.86
Before 15.22 20.42 20.91
M
Baboon LOGO After 12.78 14.59 14.62
After(wm) 15.19 16.23 16.15
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(d)

[}%.\' 20:Lena JPEG2000 effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach

(a) (b)

(c) (d)

[}%.\' 21:Lake JPEG2000 effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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qii:ﬁ' 22:Peppers JPEG effect (a) Origina ark (c) [47] watermark (d) proposed approach

-

(d)

ﬁ%‘ﬂ 23:Baboon JPEG effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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4.6 Median Filter

P RER A R BT E S AP R S 352 [39]#% 01 en StirMark i B R8P E
Median Filter § (§ a@ $30 7 AR F-R B e 50 o Vi R ARPIEZ /B3 | 3 2 974 2 0W
ARLF K ER s & w3t 5 PSNR 12 % VSNR ehdicie o d 3% 3x3 12 % 5x5 ¢ Median Filter < %
B o~ ok e e 11 3 B 14 4p 02 0 #rr i % 7x7 0 Median Filter 3 82 17 2 & 4
P B L W 0 R BBy A WArk T8 4 8> &% ¢ Median Filter #f 7 Before, After

11 % After(wm)£2 JPEG2000 i3 P chdk 42 8~ #end & o

J€Z 7 e After 4 =@ i ¥ ¥ I Chih-Wen Lin[47]:07 /2 5 & 8 (7 PSNR * 2
5% 21.00 A% = 3% 110 2 Pl E_PSNR T 3518 %) 20.4> Huang and Tang [9]#77 ;2 PSNR
T aE %) 19.5 « j€ 4 8 ¢ A R £ rod After 4 ¢ 3 R Chih-Wen Lin[47]:77 2 5
BB e VSNR L3525 G 148 A& < % 10> 2P| F_PSNR L 35E 4 14.5 > Huang and
Tang [9]=7 ;2 PSNR T 35i8 5 12,9 ¢ &= #+¢ #[HB] 24 ¢ (a) Original (b) Huang and Tang
[9] ~ (¢) Chih-Wen Lin[47] ~ (d) 3 = = 2 » 2V 77 12 BB [24-27]1(b) Huang and Tang

[9] ~ (c) Chih-Wen Lin[47] ~ (d) A%~ =2 » = 568 i * BRI H 1+ 5 [E]

Ji

[S]~[A]lZ B&E 2 F* FarRZ2E4 1T - FHA 7 > AH2 &g 2824 PSNR 1 2
VSNR 7§ #3597 4o Chih-Wen Lin[47]# 2 en= % > @ £ A RF 2% F 0 A 28 i
TehZ R ooom 2 30 % B AT I i arenliie o Bt AR 5 Median Filter sip] 2

AT R

37



% 7 PSNR summary of watermarked color images before and after median filter

PSNR: Peak Signal to Noise Ratio

Median Huang and Chil.l-Wen Proposed
Images | Watermark Filter Tang’s Lin’s approach
method method

NCTU Before 26.93 31.57 29.49
Lena LOGO After 20.38 22.19 21.40
After(wm) 23.21 23.20 22.97

Before 26.78 32.67 30.91
Lena Lgl(\}/lo After 20.54 22.31 21.53
After(wm) 23.27 23.40 23.33
NCTU Before 26.17 30.76 29.07
Lake LOGO After 19.45 20.92 20.35
After(wm) 21.89 22.08 21.83
Before 26.03 31.66 30.28
Lake Lgl(\}/lo After 19.56 20.99 20.43
After(wm) 21.92 22.23 22.09
NCTU Before 26.84 31.45 29.39
Peppers LOGO After 20.15 22.01 21.23
After(wm) 23.04 23.04 22.86
Before 26.83 32.48 30.70
Peppers Lgl(\}/[o After 20.32 22.12 21.34
After(wm) 23.10 23.23 23.21
NCTU Before 27.13 30.16 28.30
Baboon LOGO After 17.78 18.61 18.25
After(wm) 19.43 19.96 19.84
M Before 27.16 30.99 29.27
Baboon LOGO After 17.89 18.65 18.29
After(wm) 19.46 20.06 20.01
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%< 8 VSNR summary of watermarked color images before and after median filter

VSNR: Visual Signal-to-Noise Ratio

JP2000 Huang and | Chih-Wen
: , . Proposed
Images | Watermark | Compression Tang’s Lin’s approach
method method PP
16.96 21.92 23.64
NCTU Before
Lena LOGO After 14.69 17.35 16.92
After(wm) 18.66 19.16 19.01
M Before 15.74 21.86 21.34
Lena LOGO After 14.20 17.36 16.78
After(wm) 18.95 19.99 19.37
Bef 19.01 24.29 26.30
NCTU c Ot
Lake After 14.35 15.90 15.72
LOGO
After(wm) 16.28 17.32 16.91
Before 18.03 24.24 24.52
IIM
Lake LOGO After 14.16 15.90 15.69
After(wm) 16.40 17.68 16.92
17.70 22.49 24.34
NCTU Before
Peppers LOGO After 14.51 16.68 16.40
After(wm) 18.17 18.48 18.53
M Before 16.63 22.46 22.29
Peppers LOGO After 14.13 16.79 16.22
After(wm) 18.20 18.89 18.41
Bef 15.92 19.90 21.87
NCTU c Ot
Baboon After 8.44 9.28 9.06
LOGO
After(wm) 9.40 10.32 9.66
Before 15.22 20.42 20.91
IIM
Baboon LOGO After 8.39 9.28 9.04
After(wm) 9.67 10.50 9.70
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(c) (d)
qsg,l 24:Lena median filter effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
L

(©) (d)

q‘%‘[[ 25:Lake median filter effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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(©)

q*é.‘ﬁ 26:Peppers median filter effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach

() (d)

Q%‘ﬁ 27:Baboon median filter effect (a) Original (b) [9] watermark (c) [47] watermark (d) proposed approach
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4.7 ICA Image Recovery Attack

FAFREIRPr TR EFREFEMARDR G iy Fiz R gl
FIES B RATF YT B GV ARG KLY fd DR F P ALHEM AR
FIU] ek T ALK B R 2 B R B SR BRI R BT B
Behd LpFo P EM AR § I GER p e SFEM ARG § - AN
Bl T AR R B A SR e B T AR R B s o FR TR A
BenAIPFERF LR XA s fgE TP o

B3 F AR OR BT AR iR 0 Pel 82 Zeng [4213 0 - A E ~ Pei@ 3 F AR A4

® % 1 & &g* 7 ICA(independent component analysis) & 7

G

FAREORE SRR
T2 BARGHIR o FRE R DA BN RS P enA 2 2 PR AR o B [42]90F &
¢ FARF-RER[4,10,11,12,13,15] 11 &2 Zo4E & £ AR B R AR BIE T SR F BT [42]
Bl T oA _'rﬁ%%"%?#ﬁa;‘%i’kﬁ’ R AEREAm KNS E S AP RF
Chih-Wen Lin[47]% 1¥[42]50 ICA ¥ ALK& j 5 2 f258 B3 2 67 ALK B 32 o

F et % o W BT B 28~31 ¢ o 3K % — 7| 5 Huang and Tang [9]77 2 >
% = 7| % Chih-Wen Lin[47]6h= 3% » % = 5B & A%< #1605 2 5 - 5]¢ (Q)R4o8
b)s 327 i 4~ kB BB ()3 ICA % ik & 3 BT k> (d) 3 ICA
# "$ oK EP S IR A < B ifc o B 28 ¢ A i ¥ 10 3R Huang and Tang [9]¢77 /2 & Lena
M+ LG R B R [E] S [S][A]Z B 34 © 58t 2 5 Chih-Wen
Lin[47]8]§> 3 7 1338 91 [E]  [S]~ [A]Z BHE 2 32 » 222 & Behs 2 d 05200
RS W R F L AT 05 FI[E][S] S [A]Z BE Y 4 chd E G T 20 Lena
EFEPM[E]E 2 32 40T 3 AL Ve D] o B 29~31 ¢ R T 5 Dl Ak
B R ARG A B 2T U EUICA B F L it ok B e B 4 RA
UV RN TR IELEY PR P S S e RE TR S G E
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T es ppakigok Ereaph % o Chih-Wen Lin[47]¢0d% 3 e 2 2 7 3 ICA ¥ 5 B it 49
FERAE] S [S]~[A]lZ BE = 32 5w E3MA % d Nk E i B4 ICA x@:«iﬁwf 7o

S0 5 5 R R S o

3(a) 3(b) 3(c) 3(d)
ﬁ%‘ﬂ 28:Lena ICA attack effect 1(a) Original 1(b) [9] watermark 1(c) ICA attack 1(d) ICA attack detail
2(a) Original 2(b) [47] watermark 2(c) ICA attack 2(d) ICA attack detail
3(a) Original 3(b) purposed approach 3(c) ICA attack 3(d) ICA attack detail
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3(a) 3(b)
q*?ﬁ' 29:Lake ICA attack effect 1(a) Original 1(b) [9] watermark 1(c) ICA attack 1(d) ICA attack detail
2(a) Original 2(b) [47] watermark 2(c) ICA attack 2(d) ICA attack detail
3(a) Original 3(b) purposed approach 3(c) ICA attack 3(d) ICA attack detail
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3(d)
q‘?ﬁ' 30:Peppers ICA attack effect 1(a) Original 1(b) [9] watermark 1(c) ICA attack 2(d) ICA attack detail
2(a) Original 2(b) [47] watermark 2(c) ICA attack 2(d) ICA attack detail
3(a) Original 3(b) purposed approach 3(c) ICA attack 3(d) ICA attack detail
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q%‘ﬂ 31:Baboon ICA attack effect 1(a) Original 1(b) [9] watermark 1(c) ICA attack 1(d) ICA attack detail
2(a) Original 2(b) [47] watermark 2(c) ICA attack 2(d) ICA attack detail
3(a) Original 3(b) purposed approach 3(c) ICA attack 3(d) ICA attack detail
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4.8 Tamper Detection

P/ ERCP G 2R AP A S » VALE R i B R e 2 X
5 Fen ¥ AR E-K B (semi-fragile watermark) o “,% Tik- HRERGTEHEAE F

P L TR R BRI A L A RS AR T e B

&

=
v

fathe oo AR [47]0 hd b ERoR B IR B E R B ozt iE e e 4

bopeigok B s el i PSNR,VSNR,VIF & %40 9 & 10 % 11 #7571 ©

%< 9 PSNR summary of watermarked color images

PSNR: Peak Signal to Noise Ratio

Images Watermark Visual Watermark | Semi-Fragile Watermark
Lena NCTU LOGO 29.49 29.33
Lena IIM LOGO 30.91 30.68
Lake NCTU LOGO 29.07 28.94
Lake IIM LOGO 30.28 30.12

Peppers NCTU LOGO 29.39 29.25

Peppers IIM LOGO 30.7 30.51

Baboon NCTU LOGO 28.3 28.17

Baboon [IM LOGO 29.27 29.12

%< 10 VSNR summary of watermarked color images

VSNR: Visual Signal-to-Noise Ratio
Images Watermark Visual Watermark | Semi-Fragile Watermark
Lena NCTU LOGO 23.64 23.41
Lena IIM LOGO 21.34 21.43
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Lake NCTU LOGO 26.3 26.10
Lake I[IM LOGO 24.52 24.45
Peppers NCTU LOGO 24.34 23.95
Peppers IIM LOGO 22.29 22.21
Baboon NCTU LOGO 21.87 21.60
Baboon IIM LOGO 20.91 20.76

% 11 VIF summary of watermarked color images

VIF: Visual Information Fidelity

Images Watermark Visual Watermark | Semi-Fragile Watermark
Lena NCTU LOGO 0.62 0.57
Lena IIM LOGO 0.70 0.64
Lake NCTU LOGO 0.65 0.61
Lake IIM LOGO 0.72 0.67

Peppers NCTU LOGO 0.63 0.58

Peppers IIM LOGO 0.70 0.64

Baboon NCTU LOGO 0.62 0.58

Baboon [IM LOGO 0.68 0.64

d PSNR ~ VSNR 1 2 VIF et g % 7 IR 0 4o 2 25 Bug R B ¥ ik 1

LB F A 0 50 - HEREL bRk

et 3L ig * Adobe Photoshop CS2

{7 R R TR A B SV P A W e 3R @ AT~ NCTU Rficsnds e 8 17 5 3%

e 0 A WA 4 L

PRk B AR BT B chig R do @] 32 Arom o ¥R AL 247

7 ICA se ¥ enig :x i Pl4c® 33 977 o d BI32 2R 33 @ k% w J"!‘F% I R

Rk el = B e ¥l B s BB RER T 0L 0 R )
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!-. 1 ¢
1(c)
ﬁ
2a) Sy 2©)

3(c)

4(2) 4(b) 4(c)

ﬁ%‘[[ 32:Tamper Detection (a) watermarked image (b) tampered image (c) tampering detection
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ﬁ%‘[[ 33:Tamper Detection (a) watermarked image (b) ICA attack tampered image (c) tampering detection
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A5G s Rl

5.1 %Ffﬁﬁ

W e d T - JEATET AR OK Ee g Jf B 2 0 15 18 CSF(contrast sensitive function)
r2 %2 NVF(Noise Visibility Function) & * 7 HVS(Human Visual System):r4F |4 1{}‘,{ »
KE o s GUFEEY der - B RERAFE RGO i R A g R AT HVS
St o iR E Tk 2 G o Agh v 2 (Ao 1 R R R R Aok e gk o~ 5
B BHARE R G Atk VSNR & VIF gk > AP e 20 35 { 2o s i -
FIF AT R B s 2 6 0 B JPEG2000 &2 Median Filter 78 i@ b > B8R $
{depiElt iy e d v 2y gy w it t ICA st > *¥h= a1
FER R RGP AT T LR G mE s AL FHE R G 7 ek

AR GAEH A -

=\

5o FEAEA T 0 AP A RESSET 1 sk

5.2 F T+ H

AR P oo AP R AR 4P i 7 CSF ~ DWT Threshold 2 2 NVF &2 »
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KEEM e 7E P Fang R E a8~ sk o
peek s APE LT AREOKE D 20 E 3 A ARER T OOR TS KRR B AL
BLE o Flitdefe T EGRETISOR B M IR E 2 Sl s B FEER O v oo Ft A

KRR BT e B AR T AR K B R 2

51



[1]

[3]

[7]

BYL R

World Intellectual Property Organization (WIPO), http://www.wipo.int/.

L. J. Cox, et al., “Secure spread spectrum watermarking for multimedia”, IEEE Trans. on
Image Proc., vol. 6, no. 12, pp. 1673-1687, Dec. 1997.

S.-J. Lee and S.-H. Jung, “A Survey of watermarking techniques”, IEEE Int’l
Symposium on. Industrial Electronics, IEEE Press, pp.272-277, 2001.

G.W. Braudaway, K.A. Magerlein , and F.C. Mintzer, “Protecting publicly-available
images with a visible image watermark”, Proc. Conf. Optical Security and Counterfeit
Deterrence Techniques, SPIE, pp. 126-132, 1996.

C. S. Lu and H.Y. M. Liao, “Multipurpose watermarking for image authentication and
protection”, IEEE Trans. on Image Proc., vol. 10, no. 10, pp. 1579-1592, Oct. 2001.
Queluz, M.P,” Authentication of digital images and video: Generic models and a new
contribution”, Signal Process.: Image Comm:. 16 (5), 461-475, 2001.

Chang C.C, Hu Y.S.,, Lu T.C., “A Watermarking-Based Image Ownership and
Tampering Authentication Scheme”, Elsevier, Pattern Recognition Letter, 2005.

C. Fei, D. Kundur and R. Kwong, “Analysis and Design of Secure Watermark-based
Authentication Systems”, IEEE Transactions on Information Forensics and Security, vol.
1, pp.43-55, March 2006.

B. B. Huang and S. X. Tang, “A contrast-sensitive visible watermarking scheme”, IEEE

Multimedia, vol. 13, no. 2, pp. 60-66, April-June 2006.

[10] J. Meng and S.-F. Chang, “Embedding visible video watermarks in the compressed

domain,” in Proc. ICIP, vol. 1, pp. 474-477, Oct. 4-7 1998.

[11] S. P. Mohanty, K. R. Ramakrishnan, and M. S. Kankanhalli, “A dual watermarking

technique for image,” in Proc. 7th ACM Int. Multimedia Conf., vol. 2, pp. 49-51.,

Oct./Nov. 1999

52


http://www.wipo.int/�
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10206�

[12] P.-M. Chen, “A visible watermarking mechanism using a statistic approach,” in Proc.
5th Int. Conf. Signal Processing, vol. 2, pp. 910-913, 2000.

[13] M.S. Kankanhalli, R. Lil, and R. Ramakrishnan, “Adaptive Visible Watermarking of
Images”, Proc. IEEE Int’l Conf. Multimedia Computing and Systems, IEEE CS Press, pp.
68-73, 1999.

[14] S.P. Mohanty, M.S. Kankanhalli, R. Ramakrishnan, “A DCT domain visible
watermarking technique for image”, in Proc. IEEE Int. Conf Multimedia and Expo., vol.
20,pp. 1029-1032, Jul./Aug. 2000.

[15] Y. Hu and S.Kwong, “Wavelet domain adaptive visiblewatermarking,” Electron. Lett.,
vol. 37, no. 20, pp. 1219-1220, Sep. 2001.

[16] Y. Hu and S. Kwong, “An Image Fusion-Based Visible Watermarking Algorithm”, Proc.
2003 Int’l Symp. Circuits and Systems, IEEE Press, pp. 25-28, 2003.

[17] L. Yong et al., “Translucent Digital Watermark Based on Wavelets and Error-Correct
Code”, Chinese J. of Computers, vol. 27, no. 11, pp. 1533-1539, Nov. 2004.

[18] A.P. Beegan, L.R. Iyer, and A.E. Bell, “Design and Evaluation of Perceptual Masks for
Wavelet Image Compression”, Proc. 10th IEEE Digital Signal Processing Workshop,
IEEE CS Press, pp. 88-93, 2002.

[19] D. Levick 'y and P. Fori’s, “Human Visual System Models in Digital Image
Watermarking,” RADIOENGINEERING, vol.13, no. 4, pp. 38-43, 2004.

[20] A.B. Watson, G.Y. Yang, J.A. Solomon, J. Villasenor,” Visibility of wavelet
quantization noise” , Image Processing, IEEE Transactions on, vol.6, no.8, pp. 1164-1175,
1997.

[21] Walton, S., “Information Authentication for a Slippery New Age”, Dr. Dobbs J. 20 (4),
pp. 18-26, 1995.

[22] Schyndel, R.G., Tirkel, A.Z., Osbome, C.F., “A Digital Watermark”, Proceedings of the
IEEE International Conference on Image Processing, Austin, Texas, vol. 2, pp. 8690,

53



1994.

[23] Wolfgang, R.B., Delp, E.J., “A Watermark for Digital Images”, Proceedings of IEEE
International Conference on Image Processing, Lausanne, Switzerland, vol. 3, pp.
219-222, 1996.

[24] M.Hamad Hassan, and S.A.M Gilani, “A Semi-Fragile Signature based Scheme for
Ownership Identification and Color Image”, TRANSACTIONS ON ENGINEERING,
COMPUTING AND TECHNOLOGY VOLUME 13 MAY 2006.

[25] O. Ekici, B. Sankur, B. Coskun, U. Nazi and M. Akcay, “Comparative evaluation of
semifragile watermarking algorithms”, Journal of Electronic Imaging, vol. 13 (1), pp.
209- 216, 2004.

[26] D.Kundur and D. Hatzinakos, “Digital watermarking for telltale tamper proofing and
authentication,” Proc. IEEE, vol. 87;1n0.7; pp. 1167-1180, July. 1999.

[27] H.P. Alexandre, K.W. Rabab, - “Wavelet-based digital watermarking for image” , IEEE
Canadian Conference on Electrical and Computer Engineering, vol. I, pp. 879-884, 2002.

[28] J.Q. Hu, J.W. Huang, D.R. Huang, and 'Y.Q. Shi, “Image fragile watermarking based on
fusion of multi-resolution tamper detection,” Electron. Letter, vol.38, no.24,
pp-1512-1523, 2002.

[29] Z.M. Lu, C.H. Liu, D.G. Xu, and S.H. Sun, “Semi-fragile image watermarking method
based on index constrained vector quantization,” Electron. Lett., vol.39, no.1, pp.35-36,
2003.

[30] H. Yuan and X.P. Zhang, “A multiscale fragile watermarking based on the Gaussian
mixture model in the wavelet domain,” Proc. 2004 Int. Conf. on Acoustics, Speech and
Signal Processing, vol.3, pp.413—416, Montreal, QC, Canada, May 2004.

[31] K. DING, C. HE, L.G. JIANG, and H.X. WANG, “Wavelet-Based Semi-Fragile
Watermarking with Tamper Detection” , IEICE Transactions on Fundamentals of
Electronics,Communications and Computer Sciences, E88-A(3),pp.787-790 , 2005.

54



[32] Yiping Chu, Yin Zhang, Sanyuan Zhang, Xiuzi Ye, "Region of Interest Fragile

"

Watermarking for Image Authentication," First International Multi-Symposiums on
Computer and Computational Sciences-imsccs, pp. 726-731, Vol. 1 ,November 2006.

[33] J. L. Mannos and D. J. Sakrison, “The effects of a visual fidelity criterion on the
encoding of images”, IEEE Trans. on Info. Theory, vol. 20, no. 4, pp. 525-536, Jul. 1974.

[34] S. Voloshynovskiy, et al., “A stochastic approach to content adaptive digital image
watermarking”, in Proc. 3rd Int. Workshop Information Hiding, Dresden, Germany, pp.
211-236, Sep. 1999.

[35] G. Voyatzis and I. pitas, “Application of Toral Automorphisms in Image Watermarking ”,
IEEE Int. Conf. on Image Processing, Vol. 2,pp 237-240, September 1996.

[36] USC SIPI-The USC-SIPI Image Database
[Online]:http://sipi.usc.edu/services/database/Database.html

[37] AiS Watermark Pictures Protector:http://www.watermarker.com

[38] JPEG 2000 compression,[Online]:http://www.ece.uvic.ca/mdadams/hasper/~

[39] StirMark,[Online]:http://www.petitcolas.net/fabien/software/StirMarkBench
mark 4 0 129.zip

[40] M. Bertalmio, V. Caselles, and C. Ballester, “Image inpainting”, presented at the
SIGGRAPH 2000, Aug. 2000.

[41] C.-H. Huang and J.-L. Wu, “Attacking visible watermarking”, IEEE Trans. Multimedia,
vol. 6, no. 1, pp. 16-30, Feb. 2004.

[42] S. C. Peiand Y. C. Zeng, “A Novel Image Recovery Algorithm for Visible Watermarked
Image”, IEEE Trans on Information Forensics and Security, Vol. 1, Issue:4, pp. 543-550,

December 2006.

[43] [Online]:http://www.dlib.org/dlib/december97/ibm/12lotspiech.html

[44] [Online]:http://www.biblepicturegallery.com/
[45] Damon M. Chandler, Member, IEEE, and Sheila S. Hemami “VSNR: A Wavelet-Based

55


http://www.dlib.org/dlib/december97/ibm/12lotspiech.html�
http://www.biblepicturegallery.com/�

Visual Signal-to-NoiseRatio for Natural Images”, IEEE TRANSACTIONS ON IMAGE
PROCESSING, VOL. 16, NO. 9, SEPTEMBER 2007.

[46] H. R. Sheikh and A. C. Bovik, “Image information and visual quality,” IEEE Trans.
Image Process., vol. 15, no. 2, pp. 430—444, Feb. 2006.

[47] Chih-Wen Lin “Wavelet Based Multipurpose Color Image Watermarking by Using Dual
Watermarks with Human Vision System Models” National Chiao Tung University In
Information Management June 2007.

[48] Z. Wang, A. C. Bovik, H. R. Sheikh, and E. P. Simoncelli, “Image quality assessment:
From error measurement to structural similarity,” IEEE Trans. Image Processing, vol. 13,
no. 4, Apr. 2004.

[49] H. R. Sheikh, A. C. Bovik, and G. de Veciana, “An information fidelity criterion for
image quality assessment using natural scene statistics,” IEEE Trans. Image Process., vol.
14, no. 12, pp. 2117-2128,Dec. 2005.

[50] N. Damera-Venkata, T. D. Kite, W.'S. Geisler, B. L. Evans, and A. C. Bovik, “Image
Quality Assessment Based on a Degradation Model”, IEEE Trans. on Image Processing,
vol 9, No 4, April 2000.

[51] Y. Wang : Survey of Objective Video Quality Measurements. Techni-cal report, EMC
Corporation Hopkinton, 2006

[52] H. R. Sheikh and A. C. Bovik, “A visual information fidelity approach to video quality
assessment,” The First International Workshop on Video Processing and Quality Metrics
for Consumer Electronics, Scottsdale, AZ, Jan. 23-25, 2005.

[53] Z. Wang and A. C. Bovik, “A universal image quality index,” IEEE Signal Processing

Letters, vol. 9, pp. 81-84, Mar. 2002.

56



	第一章 緒論
	1.1  研究背景
	1.2  研究動機與目的
	1.3  研究重點
	1.4  論文架構

	第二章 文獻探討
	2.1  可視浮水印
	2.2 影像認證與修改偵測
	2.3 視覺品質衡量指標

	第三章 影像認證與著作權保護演算法
	3.1  人類視覺系統模型
	3.1.1 CSF (Contrast Sensitive Function)
	3.1.2  NVF (Noise Visibility Function)

	3.2  DWT 雜訊偵測門檻
	3.3  可視浮水印演算法

	第四章 實驗結果與討論
	4.1 視覺效果
	4.2 PSNR (Peak Signal to Noise Ratio)
	4.3 VSNR (Visual Signal-to-Noise Ratio)
	4.4 VIF (Visual Information Fidelity)
	4.5 JPEG 2000 Compression
	4.6 Median Filter
	4.7 ICA Image Recovery Attack
	4.8 Tamper Detection

	第五章 結論與未來展望
	5.1 結論
	5.2 未來展望


