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ABSTRACT

In this research, nonvisibility and robustness of image watermarking mixed Key and Logo method were
evaluated. The role of the Key was performed by a personal ID of a copyrighter and the logo images were
used as the watermark. The standard image of Lena was used for experimental image and binary images of
‘Park’ with size 32x32 and 64X64 were used for the watermark, respectively. In order to evaluate
nonvisibility of the proposed watermarking scheme, PSNR(Peak Signal to Noise Ratio) of the
watermarked image was obtained and for robustness reconstructive rates of the reconstructed watermark
were obtained from the watermarked image with image transformation or JPEG lossy compression. The
experimental results show that nonvisibility is excellent as PSNR of the watermarked image is 93.75dB and
the reconstructive rates of the case of 32X32 watermark was better than the case of the 64X64 watermark;
average 5.9%, 13.9%, 6.5%, and 4.2% in the case of scale-down rates, rotational rates, impulse noise power

density, and JPEG lossy compression rates, respectively.

g
ojw ] glEjutzyd, Fu3t, K33, 7], 23, £948, PSNR

&2 Bt 3 FEEE,
\oj 8t 1 snen & B



wx/ 71eh 2a1

N& E3E olnA AuviAe WA gAY Hoh

.M 2

J{o
)

e fEv 1k HH3} A3Ee
AstA drh o7lelM Frs AL3@ %7‘
AR} A FAoR Hgd AS)E 4*3]1\4
Ho] Aol 3t AL3lE s A, BA, %

HE FopiA & uFS A A Hi Eg
i gloke Aolth. 3], ARFNLZ A 7)
2l 71g9 F4¢ HHoR sty g A €
oftjel et Qg YoJME F4 B

3 itk dE 59, AA A3 7 3310
sti Qe Z2n&HFAYe] T whe} FF
FE7t ol2d FATE B TH, AdE, &
2 Hgdrt fiof, o2 7‘35‘.«1 s
‘%‘«l B3 dide] € Aogk HolM
217 EESUE W A2
apmoz waw Aoz A9
ay °l-—% Bfolle opd 2 WA AREstal 37
o A& BARES] AL Al AN, HIE,
AIGOM %AH Hol oA B2 aFoj7h AU7] W&
of 442 AU oA 9L F2 Ao

it Htoll SR el Ze JH Sl
AL g719] 7l Hud 5 e 4L 74

gtk F, glEjdes YRR o 34, 3
B AAA ol Fog} AFE & Yok Aol
o olel] tiEo] A" W .‘E%IE.E Qlato] A =
2o HALRe] 1R 100% FUsHA HAa, HaE
o WA 9 AL shsdA HAeH, ol A&
o g g ER E4A HA ol el d
glojtio] HolE|Eoll thd A &A B3 Q1T i
FAAE] FAEQR o, old wet fjA " HEwY
o] dlojejo] #Az2tdL HF 7] g wyez x|y
efupol] #gk A 7F kst ojFofR A e A
Aol tH1-4].

o8 9Ejn}a] 7L HEnto] dolge Az}
H HIE 98 AdEder, gEutas dxE Al
B} @Al Adslol ulA Akl e 14 A ¢
ofof sk AU Afapd Mt A& F 9l
of gt} fJEjvtad Gl 34 T4 s EA
o g §8 Adske 71 gekn AR
BEE Asf gvlolEo] FAE HolA g vias

')~
o>
2

liN

ojN ﬂ'~

o8 ool o 2 N

ik?;r"{)

‘1'N of

]

1~

e

ol
%
o
fu
N
i,
o =
A" N{
Ay
3:8
ﬂ
0
=
s

Lz

o
(e
|
o
o
Y
‘0,
ol
Y
W 2
e
1o
o,
2
2 2 |o

4
549 wgol dth5-7. Fas
¥ 2

do of iy xl
SRR O
N

%
ol
rZ
o
Iy
2
>
9
32
rir
=
N
et
ax
s
o
rlo
g

2 04‘rL°ﬂ/\'c HH“}EE /\]-30} 23 94E
Aeu|tjo] A2@dAe Al IDE F5se & o o
gol Adsdshe 719 21 wAS EFE ojvR] 9
ol 71HE Atk HEelast A" Fadd o
¥ G4 AHYg & ¥ 253 A4S ﬂﬁ %"Hf“}
SERERE) ggqu}a,l NAEES By

= e =
o, #3355 wo] &+F HEviazt 7o*°’°}7ﬂ oo
= E?JE}.

4

f
ok

. fEfold gnalE

-1, S58iel Yeolaol A
9 9% 07h 0,%0, 379 ade] Auz 4
ﬂﬂﬂﬂﬂi%%hwlemhaﬂﬂ2ﬁw%
F4ETH, 4 94 0% AEvha 9 Me 247
ﬂlﬂﬂ@ﬂéﬂ%$%q

O={o(x,y) | 0=<x< 0, 0<y< 0y} 1)
4714 ofx,y)e{0,,2V )= gda oz, )
M7l N& 7} gtaolA AHg 5= HE 8 vebdch
M={m(x,y) | 0<x{M,0<y<{ M,} (2)
A7l mx, y)={0,1}0] €oh. 53], 9JEnta

} O
030—:

sstE fef 9 A HA 022M 7%

465



FRAFH TN =4 Aed A3z

0,22M,3) BAE BE ol B,
AAte) A9l IDE A (33 2ol Helwny.

I={{x, y) | 0<x<1;,0<y< L5} (3)

A QM L3 LY #& dEnta 94 M9 2
7l wet  dEAY, Az [<|0,/M],
L<|0y/ Myl & BAIE TEof sfof i} o],

LO,0,/ MM,) & %3 ©]S{encoding gain)o 2
Ao g,

gy 253d YEvE Y MpenS
OO/ LI RSl MR 0 <k LN, /K Ko )E 2
A9t 28982 2388 M, e 4 (4)9}
#ol & F QUth

Moo= m(x, X1, 0<x{M;, 0<y{M, (4)

o714 9 Fael AdE Rrastd HErta g
M= ¥ B4 ORT 2AAY ZAET

11-2. 253iEl SIE{OIRe] Aeiny

P58 BT GY Mt F345 FH0A
4 94 0o AgETh 4 94 0% FEE Hei
A GY Mpn® T35 B3 247 4 G)% 4
oz EAL + A

Fdp.0= 5 3 ix)-

exp[ — 72z/ O)) pxlexp[ — 2/ Og)ay]
»=0,1,,N—1; ¢=0,1,-Ny—1 5)

ML -1 M.L,—1
Fy, (s, )= i‘b zb Mo x, 3) -
i= y=

expl — j@x/ M\ 1)) px] exp[ — j2x/ Ms1y)qy]
s=0,1,--MI,—1, t=0,1,-M,I,—1 (6)
2o3tE A8via 94 M2 € 94 09 2

466

fO+M,,,,,,(xy y) = 010

B4 A Aste #HL A ()T 2t

N

F0+M,,,W,=FO+“'FM,,,,,,, (7)

4 WA Fo 4 9% 09 F34 AR,
Fy. = %339 4803 993 M., 735

BEE, Fory,,t 7339 9873 98 Mieer

o] Fuy HRES 4 4P 09 a5 HEES Y
EiH, o & Ao odutdoz 18 22 gl
=g

FFT W3¢ et 94 Miwens FFT S
4 9% 0l AYE oS, IFFTE 33 4 (8)F
2ol AEviast AddE 9del A

~1 Q-1
1

- g[Fo+MM(P, 2]
exp[#(22/ 0))px] - exp[(27/ Oy)qy]

x=0,1,,0,—1; y=0,1,0,—1 (8)
11-3. YE{OlFe| 22
g4 A2l ggez s HEE 94L Oume

olgt 7tAE A, Aevta JA4E EAE7] A
£ A 99 o], 13 Opud T HEETD
4 9% 09 Fa4 JEE A8 739 "o

Fu,..=Fo,.,—Fo ©)

A7NM, F, & PE5E deuia ol J4
Aeish Agol o) IBE We DY Mupee® 9
+ RS UBUL Fo & Fo.y, 7t 94342
o 2ol o8] GBS we Fus 4RI Ut
5355 HHE My ® FESAAS SA A
D th $Esield g %, B85 Ay Y3y
3y dugoz 4 (103 2ok

ﬁ(x, .Y)= ZIP‘FT{FM:,&’X 17}

k=0, -, L0,0,/ MM, —1 (10)



A 7S ma g 2

E4 olnl7) ABslgel WA 34 B

A7, mx, e BAY et Gk & 8
R 2L T A28 ek A ae] 7i9)
D2 E9¥ devia g4 MW7 Agael fEnta
g4 M3 4= ARE A QDA o] HUge

Lrehl A

AE

ru'm'

‘-l:

By = (11)

el e AA48E Hrtsty] st 3EIY
256%256 @0} el Lena EEFAL M o
o2 Mgy,

7Y 18 248 JHo Lenad ¥ 44 HEv}
2 94 9 Jeutart Ade 448 e 9
ol A 7hz) 64X 649 32x32 2719 271 Y&
Abgatich Aok EnkA el A1A4-E Hrtsl
7] Ystd, G4 E 2 JPEG €4 ¢&o] 7187 9
Evlast A e gakgel s dgsia.

o o

() B4x64 372
QE{nla Aol AN QEjol3 AMQl A

(@) ® H& (b 32x3R 27|9|

Pt

(e) 64x64 7|2
SERERPY

Pt

(d) 32x32 32{<
CELIE RPN
a8 1. A8 gy
Fig. 1. Experimental image
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Fig. 2. Reconstructed watermark with size 64x64
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Fig. 3. Reconstructed watermark with size 32X 32
according to a scale-down rates
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Fig. 4. Reconstructed watermark with size 64X64
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Fig. 5. Reconstructed watermark with size 32x32
according to the rotational rates

29 63 2% 78 YA e YAUEE 01~
0977 WAL B 3ol B Peivta IBE o
Ehdlct,

(3)01, (0.03-.-. (d)04:_ e

)09

(h) 0.8
Jd% 6. JEA 3 MUz wal SHE 64
X684 37|9 fiE{Oi3

Fig. 6. Reconstructed watermark with size 64 X64
according to the impulse noise power density
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Fig. 7. Reconstructed watermark with size 32x32
according to the impulse noise power density
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