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ABSTRACT

This project presents an adaptive digital image watermarking technique with quadiree
partition is proposed in this paper. The proposed method exploits the sensitivity of human eyes to
adaptively embed a visually recognizable watermark in an image without affecting the perceptual
quality of the underlying host image. In addition, the watermark will still be present if some lossy
image processing operations such as low-pass filtering, median filtering, = resampling,
reaquantization, and lossy JPEG image compression are applied to the watermarked image.

Experimental results show the rehostness of the proposed watermarking method.
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VUM 512 x 512 pixels

511 5.4 UAAININANUUANAITZNINNNWAUIVY ( Original image )

[ 9 ~ Yo 1 gl Y _
fuamduuuun ldsunis laatwimd ( Watermarked image )
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Host Watermark image

Decode Watermarked image

[ . v vy
gﬂﬁ 5.5 LLﬁﬂdﬂ‘I’iLﬂiEJ‘lJmEJ‘lJmW’dwﬁﬁzﬁ’JNmWﬁwﬂK?{‘HLLU‘IJ ( Host Watermark image )

Uy
funmateiiaeandunui ( Decode Waterraarked image ) YUUIR 46 x 46 pixels

52 nageullseEnEmndanoinuveunatinaii vimnduuuunlasy

NSEAUAUIRINIUNITUTSHIAUULATE

w-v e 2t
Falvuaoufane 11

:3 ni o Sh A [ a X ) d' U
Juneun 1 MnsneaevdszansnnuyedanaIny TaBn1511101% Lena ‘Vl‘lﬂ

Y
SUNSFoUMNAB1LA) ( Watermarked image ) 4191115152190

1 ,& a 4 J dy
a1 Feligtuuudsae i
L.
2.

Scaling

Lowpass Filtering
Median Filtering
JPEG 100 %

. JPEG 75 %

6. JPEG 50 %
7. JPEG 25 %
8. Rotation

9. Cropping

& a Y e v Ay Yo v o iy . &
VYUADUN 2 GL’H‘LJ”Iﬂ'lW@]HLL‘U‘UVIvlﬂTUﬂ'I‘J“h'?JHﬂWEJ‘L!'\LL'ﬂ'J ( Watermarked image ) 149 9

g d’ o c:‘ =t Gy n’/j r:; v 9
s uduaoui 1 whimsneassduniiou ludunoui 2 voarive 5.1

MWATVNAFULUY
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5.2.1 Scaling
o 9 dl 9o 1 3’ 9 ]
’nﬂﬁauiﬂﬂmsmﬂ1wmuuuum"lmnmﬂﬁmﬂmumn1muam1mﬂ
(Scaling) Tnshimsaaldegfiunuin 256 x 256 pixels
4 9y 3 = = o oy [ Y 1
SFIPEADININITAUVUIAVDINTNNISUINIDBANIWAGUINALAUNN Iﬂﬂclﬂm'l

9y
fuvuiaveInInAuLUuAeuMs laa1etife 512 x 512 pixels

(46 x 46 pixels )

r [ Y
U156 (D) uAAINTN Lena N1RT VM3 Idaeniwda (Watermarked image )
(I9H1UAS Scaling

SA=0
() Mwaei1NoeAnauALL ( Decode Watermarked image )
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5.2.2 Lowpass flitting
o ) A9 Yo ' oy ' o
‘V]ﬂﬁ?J‘UTﬂﬂﬂ15u1ﬂ'IWG'I‘L!LL‘UU‘VIVIWJ"Uﬂ'li1ﬁa’lUu'le'JﬂJ"lN"luﬂ'ﬂiJﬂﬁ'l
( Lowpass flitting ) AUUIA 3 x 3 marks

A Y ' o Y a dy a
°1N%"Iﬂﬂ‘i%’,‘lJ’Juﬂ']iﬂﬂﬂﬁ'l’m%‘ﬂﬂﬁﬂ'lwNﬂLWﬂuhlﬂi]WﬂlﬂllIﬂElﬂ'lW%Z Blur

(46 x 46 pixels )

1 v v
519157 (Uu) wanenm Lena 71 18505 ldastiwda ( Watermarked image )

v

A s
IONIUY Lowpass flitting

Y
(a) MwareiNaeandauALN ( Decode Watermarked image )
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5.2.3 Median flitting
o ] Ay Yo ' g ' =
‘Vlﬂ’CT'E]‘]JIﬂﬂﬂ15u1ﬂ’]Wﬂ‘L!LL‘]J“U‘Vl"lﬂ5‘Uﬂ']iﬂlﬁﬁTUu"lLLa'JiJ'IN'luﬂ')'lilﬂﬂﬂW\i
( Median flitting ) UU1A 3 x 3 marks

& g U o 9 a ; a
GINi)’lﬂﬂiﬁi‘U’J‘Llﬂ'liﬂ\iﬂﬁ'I’J‘ﬂ31/1']611'1ﬂ'lWNﬂLWUuhlﬂfﬂ"lﬂlmJIﬂUﬂWW‘ﬂ% Blur

(512 x 512 pixels )

COPY
RIGHT
2002
(46 x 46 pixels)
51 5.8 (VU ) 1AAININ Lena i 185U Ida191111147 ( Watermarked image )

(1oN1U Median flitting

v [l
(819) MwaerinaeanauAUI ( Decode Watermarked image )
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5.2.4 JPEG 100
0 9 d' F1XY] 1 :l Y ] = [
‘ﬂﬂ’d'ﬁ)‘]JIﬂUﬂTiu']ﬂ1WﬁuLl‘lJUﬂIlﬂil]ﬂﬁclﬁﬁ'lUuTLL'ﬁ’J’iJ']N’Iu‘U‘U’fJﬂ (JPEG)
Tﬂ&lﬁﬂﬁ}mjﬁ loss index 100
& [ 1 o 9 a dy a a [ E)
CINi]'lﬂﬂ‘i8°1J'Jufﬂiﬂﬁﬂﬁ’l’l‘ﬂﬁﬂﬂﬁﬂi‘WNﬂLWﬂu‘lﬂﬂWﬂLﬂllIﬂfJﬂ’lWﬂleiz VAUV

d' d’ I L9
LEINAANLUHIINNNITUL DA

(512 x 512 pixels )
COPY
RIGHT
2002

(46 x 46 pixels )
d' Ay Yo 1 °y Y
gﬂ‘ﬂ 5.9 (UH) UeAdININ Lena n18sumsldareinadn ( Watermarked image )

({1ar1UNsUUOA JPEG 100

Y
(819) MUawhNaeanauALL ( Decode Watermarked image )
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5.2.5 JPEG 75
o 9 ~ 9o 1 :, 9 1 = Y]
mﬁﬁmTﬂamimmwmuuuw"lmumﬂﬁawumaammuuuaﬂ (JPEG)
Iﬂﬂﬁﬂﬁ}’@g‘iﬁ loss index 75
A @ 1 o 9 a d” a s [ 9
“]Ni]'Iﬂﬂi%‘U'J‘Llﬂ’liﬂ\iﬂﬁ'l'J‘l)%‘l’]ﬂ‘ﬂﬂ'IWNﬂLWfJull‘lJmmﬂ?JIﬂﬂﬂ'IWfﬂzlﬁzﬂ‘ﬂﬂ’ﬂm‘\m

yraianailoannmstiuda

(512 x 512 pixels )

COPY
RIGHT
2002
(46 x 46 pixels)
A dy o ; o Y
gﬂ‘ﬂ 510 (UU)UAAININ Lena Alasumsldaieiugd ( Watermarked image )

Wonunsiuea JPEG 75

8 'y
(a19) AnaihoeAnauALIN (Decode Watermarked image )
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5.2.6 JPEG 50
v v
nageu lasnstihnmduuuun lasunislaatetiwdrnniuiiuea (JPEG)
Iﬂﬂ‘ﬁﬂﬁ'@éﬁ loss index 50

é g 1 o a dy a a
°1NilTﬂﬂ‘i‘?u"lj’Juﬂ'liﬂ\‘lﬂﬂ'l’mxﬂﬂﬁﬂ'lwNﬂLWU‘LIll‘LIi]'lﬂLﬂiJIﬂfJﬂTW"Dzlli%ﬂ‘]J

ANUITLAIN AR 1NMITUSA

(512 x 512 pixels )

KMITL
COPY
RIGHT
2008
(46 x 46 pixels)

'
=

[ v
5101 5.11 (vu) UeAIAIN Lena 7 1A51NI5 Teranarinda ( Watermarked image )
ierunsiiuen JPEG 50

LT/ )
(a19) AMwaeihnaeanduALIN ( Decode Watermarked image )
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5.2.7 JPEG 25
v v
naaou lasmsiimwduuuun1dsunsldareiwdruruiuda(JPEG )
Tﬂﬂﬁﬂﬁlﬂéﬁ loss index 25

& [ 1 o Y a dy a =
"D’Qi)']ﬂﬂi%’/‘U'Juﬂ’liﬂ»ﬂﬂﬁ'l’)‘ﬂ%‘ﬂ11ﬂﬂ1WNﬂlWUuu1‘llfl]'lﬂlﬂiJIﬂEJﬂ'lW%%iJi%ﬂ‘U

9 = d' = |9
ANUYNLTINAAQIUUBDIVINNITUUDA

2G02
(46 x 46 pixels )

[] [ Y
?lﬂﬁ 512 (YY) UFAININ Lena Alésumsldaeings ( Watermarked image )
iiienun150UOA JPEG 25

v 3
(a19) MuaeiioeanduALNN ( Decode Watermarked image )
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5.2.8 Rotation
) 9 a Yo 1 3' 9 ] v A E7)
naaou lasmsthamduuuud ldsumsldarethwdadiumsiaiGoadoya
Tnai Tagmsnyunm (Rotation ) Taeldviyui 17 esm
A o o 1 { o Oy % o
FarzdosimsAudunisvesmunozihuioeammatgiinnauauu lagii

A o

MIHYUNMNIBYNA LM UIANAD —17 B¢

(512 x 512 pixels)

f,! IR
KionT
! 2
(46 x 46 pixels )
A sy vo s o
3UN 513 (VU ) UTAAININ Lena Aldsumsladaeind ( Watermarked image )

(1{9W1UN1T Rotation

v [
() mwmﬂﬁmaaﬂﬂauﬁum ( Decode Watermarked image )
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5.2.9 Cropping
° v a4y yo ! :, vy ' o !
nagoy Tasmsihnmduuuui 1dsums ldmeihudmiumsdauiediu
Y9ININ ( Cropping ) Tavdalimaouuia 225 x 300 pixels
[ E4
1AnszUIUMsasnanzi ldnmisgiinmsaeanmansihnugndaiadiu

Yoannanie 1y

] v E1
51 514 (u1) uaAsn Lena N 185 uMslda101111187 ( Watermarked image )
doruns Cropping

AN
(a9) AINA11IIN0ANAUAUNT ( Decode Watermarked image )
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53 nameullszAnEmwdaneinuveanafinaenii dievmsn/asummdaumn
fnuali 1Fa mAuLLY (Host Image ) T dade i
1. 71N Baboon WUH1IA 512 x 512 pixels
2. 7MW Women  YUIA 512 x 512 pixels

3. 9N Birds YU 512 x 512 pixels

(b)

51 5.15 uaasnmAuuuylugilane eldlunsnageuilsz@nsnmoanss iy

v 1 '
Ypananamein tonmsasunnduuy

Lﬁﬂmﬁuﬂﬁlﬁ} (a9 A1 711N Baboon
(b) Ao MW Women
(¢) AD MW Birds
Tasldnwatenh ( Watermark ) YU1A 46 x 46 RAAg gt uaeulunIAaes

A q/ v 9 d‘
wiaunuluri9en 5.1 uag 5.2
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5.3.1 HIN Baboon

(512 x 512 pixels)

IRERREEEARESENARR) INRREY IS EES RN
eananssapinaasnanuansant Y
4 L .
L 1
L1 san
28 it
B rr Meu »
summ aus saax =8 T
HHT T HH
£ FEFH_HH T
wa g B E S HH
T 4 stss
} N T
Tt 4 |
HHH ;
]
1 ’ : i
1 1
fEEimmERE: =
gy :
t
11 TSt TS ] 1 111
R T
jERSESENNEREN] T ISENERREN NN
g
(512 x 512 pixels )

51 5.16 (U ) UAAINWAIN Baboon ( Original image )

1 @ < a
(219) UaaImn Llﬁﬂ\jﬂ’lWfn‘i%ﬂ‘Ua@ﬂﬁﬁiuﬂ’lWé]’uuUUg{Uﬂl‘ﬂﬂuﬂ

[
=

Quadtree partition 1asNAAMLLTY59U ( Variance ) 071 550



(512 x 512 pixels)

(512 x 512 pixels)

] [l b4
51 5.17 (UW) UaAINIWAIY Baboon N 1A5 U5 Taae1iuds ( Watermarked image )
(819 HAAIMHANNLANAITEN A TNAULLY ( Original image )

[ v
Auamduuuui ldsumsldaioiuda (Watermarked image )
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KMIT KMITL
COPY COPY
RIGHT RIGHT
2002 2002
12 x 512 pixels ) JPEG 75
KMITL KMITL
COPY COPY
RIGHT RIGHT
2002 2002
Scaling ( 256 x 256 pixels )
,. s
KMITL
CQOPY
RIGHT
2002

7 radians )

JPEG 100

Cropping ( 225 x 300 pixels )

ASTUIUMIAHoaalssanSnnvesaenin

Y

d' 3’4 v A d' Yo 1 :I 9 d' '
3‘1]71 5.18 UFAAININAYUINDBANAUAUNIUDININ Baboon w"lm‘umﬂﬁawmummamu




5.3.2 NN Women

G
HEEE e ;
Rt A T T T
£ 2t CEHEEERR T TR B
! HTHT +
: H- B TR
EEnaMmCEics CH L
E:; an 1 T 1 :
A B
i i H
o5 T T
TR SR T R H
T R -
EEimmzzis g
T : &
HH 1 : £
& EEzsmiEE
25 . HEFH HHH o
L g EE
(512 x 512 pixels)

gﬂﬁ 519 (YY) LEAAININAIN Women ( Original image )
' @ g a
(a19) UEAINN lLﬁﬂ\iﬂTWﬂTiﬂﬂﬂﬂ@ﬂa\icluﬂWW{glluLlU‘Uig{'Jﬂl‘Vlﬂuﬂ

Quadtree partition Taodimanuuilssau ( Variance ) ’élf‘ﬁlﬂ'W 825
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(512 x 512 pixels )

(512 x 512 pixels )

] [ v
5UN 520 (DY) UTAAININATN Women 7 1a5UNT Laa11i 1187 ( Watermarked image )

U

(819) HAAIMNANUUANANTEN NN WAULDY ( Original image )

Y £y Ay Yo ! gl Y .
ﬂUﬂTWﬂullUUﬂqﬂiﬂﬂ'ﬁiﬁﬁ'IEJ‘LﬂlLﬁ'J ( Watermarked image )



Scaling (256 x 256 pixels )

JPEG 100

50

JPEG 50

S

Dvt o : . Rgﬁg

Cropping ( 225 x 300 pixels )

] v
NITUIUMIANNDAAYTLENT A IMVBIa 1817

o] v A s Yo \ D gty
HEAININAIUINDDANAUAUNIUDININ Women 1’]1@5Uﬂ1513a1&u1!1a3&u@ﬂ1u
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5.3.3 /N Birds

(512 x 512 pixels )
PR £
AT : : :
i HHH ! i
EHE T B F
1o : o
il i iE
L F
: :
1] Y
T
: , e
T R : i:: !
AT
SEMsssesas: £
; FH TR g
HHH | B HH 28 Y
NN} 1 ¥
FH T Lo
B MR e geed
[ HH FH LT H Eses!
nuin 1 I Tt
HHH T EsSEEssss:
l FFHCH T HE
A

(512 x 512 pixels )

gﬂﬁ 5.22 (UU) UEAINIWAIN Birds ( Original image )
' @ I~ 9 Y a
(2719) LLAAINN Llﬁﬂﬁﬂ'lWﬂ’li%ﬂUﬁﬂﬂﬂﬂiu.ﬂ’lWﬁuu‘U‘Uﬂ?ﬂL“ﬂﬂuﬂ

Quadtree partition 1AgHiAANNUYTYTIU (Variance ) 0g#iA1 253
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(512 x 512 pixels’)

(512 x 512 pixels )

1 ] v
31 5.23 (V) uanInIWAIN Birds 71 185Un15 1da1u1imd s ( Watermarked image )
(819) LAAIMHANUUANAINTENINANAULDY ( Original image )

v v
Auamduuuu lasumslaaieinda ( Watermarked image )
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Unprocessed ( 5

12 x 512 pixels )

2
Q
—
r

Nz
G
O
[\

Scaling ( 256

X 256 pixels )

JPEG 50

i

1]

Lowpeass filtering ( 3 x 3 marks )

Rotation ( 17 radians )

JPEG 100

Cropping ( 225 x 300 pixels )

a 2 4 o A : Y Yo ' oy A&
g‘lJ‘n 5.24 AR WY UINDDANAUAUUIVDININ Birds ‘V]llﬂﬁilﬂ’lﬁGlﬂa_lﬂuula'nuawqu

NIZUIUMTA BT AN INUDIa 81

v
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54 nageulszaninIneansSNuVsUNANAAIYH IBHIUATZUIUNISNN

aeyeyIUsUNIU (Noise )
@ (] 1 aa A { d v d 1
lunmsSudadoyadinmslulanvesdtaea denduldniluglassanennuninives
oy a 1 & é a ' [ 3

MWADNDINNHIFUTUTEND “ Ty UNIU ( Noise ) ”
A ¥y d <& a a o ax 2 o aq ¥ Y =
malviud sz dnsnimvesdanasnuisainmnaaoy lagauua IR n WAL LUN
Yo 1 :‘ Y ] a Y] 1 3 <
18sunisldatetiinda ldeumsdszunananaz luvaz@einuseunemsiszuanatiun

y
AadyausunIuiudn

9y
Q a

v v
dmsutunoulunmsnaaaurztivunsudaae lil

Vv v
(% =

Sumeuf 1 IdhimsdeunwawitaglUluaw Lena gy Tavlden Variance
JumstaiaufenasmuanLuLANY 195
Sumeuiiz 1nn Lema #185ums Tdmerhudaluduaoud 118 s
ASLUIUMSHUUUA Fait
1. Unprocessed
2. Scaling
3. Lowpass filtering
4. JPEG 25 %
T@ﬂf‘imuﬂ“lﬁmzu’Jumirfi'@aﬂﬂszﬁw%mwmmmm{wﬁq?ﬂﬁﬂ
Fryanos sUNIU (Noise ) MLUIMELTUN ( Gaussian ) TlA1
Mean = 0 8¢ Variance = 0.003

v 1l v
Juaouni 3 IHiimsnpanwargtinduAu



|4«i—x

T
IARE N RN

it

11T
T

Tt

+

T
T
TRk

i
sas

T e T T T,
e ey
T

T

INEBERRR SN
T
I

I
NSRS R R

B
+

il
._q.‘

i
P

+

R

T
I3

-.?...- 4

o Wi
(512 x 512 pixels)

51525 (VU ) LAAINIWAIN Lena ( Original image )

1 1Y o a
(819) LLAAINIW memwmifﬂmJaaﬂmclumwﬁmmuﬁlamwﬂuﬂ

[
=

Quadtree partition 1aglA1AMU1)5159U ( Variance ) 0gNiaA1 195
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(512 x 512 pixels)

(512 x 512 pixels )

a a4y Yo ! oy :
31U 5.26 (Uu) 1e@In1HA W Lena N 1ASUMs Tda1ovimda ( Watermarked image )
T Ay Yo 1 :’
(819) HAAINNAIN Lena N1 105umsldaronimda ( Watermarked image )

Taela Noise 41 Gaussian
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5.4.1 Unprocessed with Noise

v v
paaou Tasmsthamduuuuin lasunsldatetiilaeld Noise Uy Gaussian

NHA1 Mean = 0 Qg Variance = 0.003

(512 x 512 pixels )

ﬁ?ﬁii_&
COFY,
EIG 17

L Lol

(46 x 46 pixels )

Y
o Y

gi = Yo 1 4
3UN 527 (UN) 1AAIAIN Lena N IATUMS Teranetiudd ( Watermarked image )

[

fdalimunszuiumslag Tasnadynais UN UYL Gaussian

oo

SIREy.
(a9) AW NasANAUALLA ( Decode Watermarked image )
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5.4.2  Scaling with Noise
v v
naaoulasnisimwdunuun ldsunis ldassiwdaniimsaavuiavss
A (Scaling) Tashin1saaliogNvuia 256 x 256 pixels az LA Noise LU

Gaussian N3A1 Mean = 0 (13 Variance = 0.003

(256 x 256 pixels )

.’- T

W
EONEND

BMiLL

(46 x 46 pixels)

L] [l g/
51U 5.28 (VW) UETAINIW Lena N1 1A5UMS ldare1i A2 ( Watermarked image )
(1IBH1UNTS Scaling lnoiNATYRNITVNIUUUY Gaussian

YA S0
(a19) muwawiiineanauAuIN ( Decode Watermarked image )
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5.4.3 Lowpass flitting with Noise
° Y a1 Yo ! 3’ Y o ' =
‘ﬂﬂﬁfJ‘UTﬂEJﬂ'li‘Lﬂﬂ'IWG]‘MUJJ‘U‘VIhlﬂS‘UleiGlﬁa'lflu'llta’lunﬂﬂiﬂﬁFﬂuﬂ’)'luﬂﬂ'l
( Lowpass flitting ) 9119 3 x 3 marks 1agld Noise 11UD Gaussian 1A Mean = 0

148¢ Variance = 0.003

(512 x 512 pixels )

RMILE
i
ZO02
(46 x 46 pixels )

v [ v
31N 529 (wu) warasnm Lena 718505 Tdaneriwda (Watermarked image )
11JoH1U Lowpass flitting lagNAT 1815 UNIULLY Gaussian

Y
(a19) nmaniNaeanauAULT ( Decode Watermarked image ) -
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5.4.4 JPEG 25 with Noise
v v
naaoy lasmsiimnduuuuin ldsunislaarssiwdrndiuiiuda( JPEG )
Iﬂ&lﬁﬂﬁlﬂéﬁ loss index 25 laold Noise YUY Gaussian nya Mean = 0 (l¥ Variance

=0.003

(512 x 512 pixels)

o

(46 x 46 plxels )

3UN 530 (UU) udAINW Lena A1&5umsTdaovhuda ( Watermarked i image )
iorumsiiusa JPEG 25TagfAd YIS NI Gaussian

e
(a9) AWALUINDOANAVAUIN (Decode Watermarked image )
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5.5 massufeunanmsnaaes

o Y a

naramsnaaesluiifeiriiunuie1d ldwansnaassngndsuaz lduasigm
' F)
391117151191 PSNR 52 M3 A Uuuusun madnuuun18suns ldarotiuduaz wia

' > @ e & o S 8
Correlation izmnm‘wmﬂuﬁmm‘umm‘wmau1ﬁmm‘§aaﬂaﬂﬂmcﬁmaumimmqﬂﬁ

1. PSNR ( Peak Signal - to - noise ratio )

2

255
PSNR = 10log
MSE

MSE : Mean Square Error

MSEZ\/M

A 1B 0YAVIMNAULTY

)3
S

A Y

B fi® YoyavesnInikILMslszulanana’

n fio Suaudoyaroann

2. Correlation

z(wij-w)(w'i.—m
\/[Z —w) Z(w —w)

Correlation =

1 a EY o 1
w;i 1D AN939904 watermark AuuUD TSN ]

W A9 1959904 watermark N00a 181NN ARILATUSEUIaMaLE

o))}

W A9 AUNAYUDY watermark AUUUY

'

W

2)

19 ﬂ?ﬁlﬁﬁﬁl'ﬂd watermark Wﬂ@ﬂVlWMﬂﬂWWWHWuﬂ'\iﬂﬁwuﬁﬁﬂmm’l

Tavihaums Tudedumnldsutumanmsnaassit 1dniade 5.1 - 5.4 Taouaaadidng 13
v Y
Tum51991 5.1 - 5.4 dasie 'l
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v v
M5197 5.1 uaaawamslSeuiisunwaieth@uuuy ( Host Watermark image ) funiwane

v [
inooa'ld ( Decoded Watermark image )

( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Unprocessed

PSNR =33.01 dB

Correlation

Scaling

PSNR =29.54 dB

Correlation

Low pass

PSNR =29.95 dB

Correlation
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12 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Median pass

PSNR =30.73 dB

Correlation

JPEG 100

PSNR =33.01 dB

Correlation

JPEG 50

PSNR =31.30 dB

Correlation
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

JPEG 25

PSNR =30.43 dB

Correlation

Rotation

PSNR =17.51 dB

Correlation

Cropping

PSNR =11.43 dB

Correlation
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v vy
M990 5.2 uaawanmsSouieuniwatetiduiuy (Host Watermark image ) fUN WY
Y 0 [ v
117100a'l@ ( Decoded Watermark image ) diovinmsilasunimduuuy Iaoldaw

v
o a 4
AU (Watermark image ) YUIA 46 x 46 WALYDD

1. W Baboon (512 x 512 pixels )

Host Watermark image Deceded Watermark image

( Watermark = 46 x 46 pixels ) ( Watermark = 46 x 46 pixels )

pixels)

Unprocessed

PSNR = 28.17 dB

Correlation 1

Scaling

PSNR = 23.67 dB

Correlation 0.9953
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Low pass

PSNR =23.80 dB

Correlation

Median pass

PSNR = 23.61 dB

Correlation

JPEG 100

PSNR = 28.17 dB

Correlation
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Host Watermark image Decoded Watermark image

( Watermark = 46 x 46 pixels ) ( Watermark = 46 x 46 pixels )

( Host

pixels )

JPEG 75

PSNR = 27.55 dB

Correlation 1

JPEG 50

PSNR =27.02 dB

Correlation 0.9981

JPEG 25

PSNR = 25.97dB

Correlation 0.9839




68

( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Rotation

PSNR = 14.65 dB

Correlation 0.8817
Cropping

PSNR = 8.29 dB
Correlation 0.6360
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2. Women (512 x 512 pixels )

Host Watermark image Decoded Watermark image

( Watermark = 46 x 46 pixels ) ( Watermark = 46 x 46 pixels )

( Host image = 512 x 512 pixels )

Unprocessed

PSNR =28.36 dB

Correlation 1

Scaling

PSNR = 24.82 dB

Correlation 0.9567
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Low pass

PSNR = 25.52 dB

Correlation

Median pass

PSINR =25.33 dB

Correlation

JPEG 100

PSNR = 28.35 dB

_Correlation
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Host Watermark image Decoded Watermark image

( Watermark = 46 x 46 pixels ) ( Watermark = 46 x 46 pixels )

o e 4

( Host image = 512 x 512 pixels )

JPEG 75

PSNR = 28.08 dB

Correlation 0.9972

JPEG 50

PSNR = 27.81 dB

Correlation 0.9943

JPEG 25

PSNR = 26.92 dB

Correlation 0.9427
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Rotation

PSNR =16.27 dB

Correlation

Cropping

PSNR =10.63 dB

Correlation




3. Birds (512 x 512 pixels)
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Unprocessed

PSNR = 33.60 dB

Correlation

Scaling

PSNR = 30.06 dB

Correlation
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Low pass

PSNR =30.18 dB

Correlation

Median pass

PSNR =31.83 dB

Correlation

JPEG 100

PSNR =33.57 dB

Correlation
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

JPEG 75

PSNR = 33.07 dB

Correlation

JPEG 50

PSNR = 32.55 dB

Correlation

JPEG 25

PSNR = 31.57 dB

Correlation
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( Host image = 512 x 512 pixels )

Host Watermark image

( Watermark = 46 x 46 pixels )

Decoded Watermark image

( Watermark = 46 x 46 pixels )

Rotation

PSNR = 15.10 dB

Correlation

Cropping

PSNR =10.45 dB

Correlation
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] Vv ' :
at o Y ¢
M31N 5.3 uaawanisSousuninateiifiooa'ld ( Decoded Watermark image )

1 ] <1 Y v a S @ a
senamsulauaen lunwdunuudlemaiia Quadtree Partition f11 maiin

VY93 Mr. Chang-Hsing Lee Wa ¢ Mr. Yeuan-Kuen Lee 1 IEEE Transactions

on Consumer Electronics, Vol.45, No. 4, NOVEMBER 1999 [1]

Quadtree Partition Reference [1]

‘ B, ; (Watermark = 46 x 46 pixcls ) ( Watermark = 46 x 46 pixels )
( Host image = 512 x 512 pixels )

Unprocessed

PSNR = 33.03dB

Quadtree s

PSNR., = 3643dB

Correlation

Scaling

PSNR = 29.54 dB

Quadtree

PSNR,.. = 30.21dB

Correlation 0.9583 0.4390
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( Host image = 512 x 512 pixels )

Quadtree Partition

( Watermark = 46 x 46 pixels )

Reference [1]

( Watermark = 46 x 46 pixels )

Low pass

PSNR . ec = 29.96 dB

PSNR = 30.75dB

IEEE

Correlation

Median pass

PSNR,, e = 30.73 dB

PSNR;p. = 32.14dB m_'“ﬂ ﬂ'ﬁ
Correlation 0.9991 0.4498
JPEG 100

Correlation
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( Host image = 512 x 512 pixels )

Quadtree Partition

( Watermark = 46 x 46 pixels )

Reference [1]

( Watermark = 46 x 46 pixels )

JPEG 75

PSNR ,,,¢cc = 31.77 dB

PSNR,,, = 33.57dB

Correlation

JPEG 50

PSNR, .o = 3130 dB

PSNR,,, = 32.73dB

Correlation

JPEG 25

PSNR ;.. = 30.43 dB

PSNR,;., = 31.48dB

Correlation

0.2772




(Host image = 512 x 512 pixels )

Quadtree Partition

(Watermark = 46 x 46 pixels )

80

Reference [1]

( Watermark = 46 x 46 pixels )

Rotation

PSNR, ... = 17.51 dB
PSNR

IEEE

= 17.56 dB

Correlation

—
Cropping

PSNR, .. = 11.43 dB

PSNR = 11.37 dB

IEEE

Correlation
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= a o oa o & v ] &
195199 5.4 waaswan1sSoumsuninareinosald ( Decoded Watermark image ) 13/
° v sy Yo ' 3 Y A o . .
ﬂ'l‘l"fuﬂiﬁﬂTW‘V]I’lﬂi‘ijﬂ'l‘iglﬁﬁ"lﬂu1Lla’)11ﬁiyﬂju'lmi‘ﬂﬂ’)u ( Noise ) U1 Gaussian
sErIUMALn Quadtree Partition A UINAUAUDI Mr. Chang-Hsing Lee Ula Mr.

Yeuan-Kuen Lee 11 [EEE Transactions on Consumer Electronics, Vol.45, No. 4,

NOVEMBER 1999 [1]

Quadtree Partition Reference [1]

( Watermark = 46 x 46 pixels ) (‘Watermark = 46 x 46 pixels )

( Host image = 512 x 512 pixels )

Unprocessed

PSNR,,,, .o = 2457 dB
PSNR,,. = 24.95dB

Correlation

Scaling

PSNR = 28.74 dB

Quadtree

PSNR = 29.26 dB

IEEE

Correlation 0.7869 0.1498
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( Host image = 512 x 512 pixels )

Quadtree Partition

( Watermark = 46 x 46 pixels )

Reference [1]

( Watermark = 46 x 46 pixels )

Low pass

PSNR = 28.75dB

Quadtree

PSNR = 29.29dB

IEEE

Correlation

JPEG 25

PSNR,,.ve. = 26.83 dB

PSNR = 27.25dB

1EEE

Correlation




M3197 5.5 @31A1 Correlation 91NHANITNAABIVBININ Lena I5HINMUUILARNMWANIUUAINATATY IEEE Transactions on Consumer Electronics, Vol.45,

No. 4, NOVEMBER 1999 ( Old ) fuina#in Quardtree Partition ( New ) Jagl¥mnduuuuving 512 x 512 finaad uaz Mnaiatilvma 46 x 46 fnisad

UN NOISE PROCESSING
Unprocessed | Scale Down Blur (3x 3 Marks) Compression (JpeEG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Old 1 0.4390 0.3436 0.4498 0.9626 0.6293 0.4536 0.2772 0.4964 0.6311
New 1 0.9583 0.9681 0.9991 1 1 0.9962 0.9325 0.8943 0.6395
PROCESSING WITH GAUSSIAN NOISE
Unprocessed | Scale Down Blur (3x3 Marks) Compression (JPEG) Rotation Clopping
x ixels ixels 17 degree 225 x 300 pixels
g e Lowpass Medianpass 100 % 75 % 50 % 25% ’ g
Old 0.1961 0.1470 0.1494 0.1571 0.1942 0.1928 0.1887 0.1774 0.1583 0.2850
New 0.8438 0.7937 0.8257 0.8084 0.8446 0.8389 0.8321 0.8176 0.7461 0.5652

€8



M131971 5.6 @3UA1 Correlation 21NWANIINAABIVBININ Baboon 3zHINIMIUUIUTRNMNAUILUAMATIAIY IEEE Transactions on Consumer Electronics, Vol.45,

No. 4, NOVEMBER 1999 ( Old ) fumAA Quardtree Partitien ( New ) Iagl#n1nduuunuina 512 x 512 fintsad uaz MIWaieniivuia 46 x 46 nntsad

UN NOISE PROCESSING
Unprocessed | Scale Down Blur (3x3 Marks) Compression (JpeG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Old 1 0.4401 0.4499 0.5392 0.9891 0.8539 0.7206 0.5248 0.5176 0.6311
New 1 0.9953 0.9906 0.9859 1 1 0.9981 0.9839 0.8817 0.6360
PROCESSING WITH GAUSSIAN NOISE
Unprocessed | Scale Down Blur (3x3 Marks) Compression (JPEG) Rotation Clopping
X ixels X ixels 17 degree 225 x 300 pixels
e i T Lowpass Medianpass 100 % 75 % 50 % 25% ;i i
Old 0.3925 0.2633 0.2764 0.2760 0.3915 0.3839 0.3733 0.3404 0.2941 0.4327
New 0.9670 0.9395 0.9518 0.9366 0.9641 0.9640 0.9631 0.9499 0.8435 0.6281
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M131971 5.7 a1 Correlation 91NHANIINAADIVDININ Women 3ZHINNIUUIUTONNNAUBULAIENATIAIY IEEE Transactions on Consumer Electronics, Vol.45,

No. 4, NOVEMBER 1999 ( Old ) fuimaiin Quardtree Partition ( New ) lagl¥mnduuuuvina 512 x 512 fAinisad uaz MIWagsiumia 46 x 46 nnwad

UN NOISE PROCESSING
Unprocessed | Scale Down Blur (3x 3 Marks) Compression (JrEG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Oold 1 0.3778 0.3344 0.5345 0.8948 0.6341 0.5118 0.3654 0.4914 0.6311
New 1 0.9567 0.9725 0.9981 1 0.9972 0.9943 0.9427 0.8367 0.6275
PROCESSING WITH GAUSSIAN NOISE
Unprocessed | Scale Down Blur (3x3 Marks) Compression (JpEG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Old 0.2916 0.2100 0.2211 0.2284 0.2925 0.2836 0.2798 0.2666 0.2310 0.3608
New 0.9160 0.8719 0.8933 0.8333 0.9160 0.9114 0.9066 0.8986 0.7509 0.5595

S8



M13197 5.8 a31A1 Correlation 91DNANIINAADIVDININ Birds 33HININIULIUGONMWAUILLAINATAIY IEEE Transactions on Consumer Electronics, Vol.45,

No. 4, NOVEMBER 1999 ( Old ) fUinA#iA Quardtree Partition ( New ) lagld mmduuuuvuina 512 x 512 Rnisad wag Muaigsinvuma 46 x 46 nnad

UN NOISE PROCESSING
Unprocessed | Scale Down Blur (3x 3 Marks) Compression (JPEG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Oold 1 0.3391 0.2894 0.5562 0.8276 0.5545 0.4127 0.2799 0.4700 0.6311
New 1 0.9406 0.9554 0.9981 1 0.9934 0.9877 0.9248 0.9003 0.7593
PROCESSING WITH GAUSSIAN NOISE
Unprocessed | Scale Down Blur (2x3 Mark) Compression (JPEG) Rotation Clopping
512 x 512 pixels 256 x 256 pixels 17 degree 225 x 300 pixels
Lowpass Medianpass 100 % 75 % 50 % 25%
Old 0.1991 0.1530 0.1630 0.1630 0.1992 0.1936 0.1847 0.1811 0.1723 0.3145
New 0.8484 0.7872 0.8093 0.8200 0.8474 0.8434 0.8342 0.8065 0.7638 0.6915
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Qt_findblock Basic Diagram

Load host image A’B = Size ( pictul"e )
Load watermark

!

Input threshold

Set num 2,num 3,num 4

No

Block 64 x 64 pixels

No Forloop= 4 * B

Variance_new > thresholds

Next state
les
Yes A
Total = o B_ o z( num 2+ num 3 + num 4)
647 4
No END
Block 32 x 32 pixels o
For loop= 4 No 3
Variance_new > thresholds
Ncxt state
Num2=nuim?2 +1
Yes
Yes
No
Block 32 x 32 pixels
Next state No For 1 =4
Variance_new > thresholds S0oR
Nim3i=nm3l+1
Yes
Yes
Yes
Block 8 x 8 pixels
For loop =4 No

Num4=num4+1
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Qt_encoder Basic Diagram

Load host image ; Load Watermark code g o
A,B = size ( picture )

Load threshold ; Load total

Functicn push

Host image

Next state

.

Output Image out 1

Variance_new > thresholds

Rlack A4 ¥ A4 nixvele

5

Function push

.

Output Image out 2|

For loop= 4

Yes

For loop = A*B
64’

Yes

Host image

Variancc_new > thresholds — | Output Image out

Rlack 37 x 32 nixels -

Function push

Host image

Next state

Function push

-

Output Image out 4|

For loop=4

No
Variance_new > thresholds

Output Image out 3|

Rlack 16 ¥ 1A nivele

For loop =4

Next state

Host image

Block 8 x 8 pixels

No




Next state
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Qt_decoder Basic Diagram

Load host image ; Load mixed image

A,B = size ( picture )

Load threshold ; Load total

Function back

No ¢

Host, mixed

Variance_new > thresholds

Rlack A4 v A4 nivalc

Output Decoder 1

No

s

Function back

!

Output Decoder 2

For loop = 4

Yes

Next state

—

Function back

}

Output Decoder 4

For loop =4

For loop = A*B
64’

\ 4

Output Watcrmark

Host, mixed

Variance_new > thresholds

Rlack 37 ¥ 37 nivels Decoder 1, 2,3,4

4

Function back

<

Host, mixed

Variance_ncw > thresholds

Rlack 16 v 16 nivele
Output Decoder 3

=

-~
-

< For loop=4 No

~.

<
Yes
Next state

Bl

Host, mixed

Variance_new > thresholds

Rlack £ x R nivels

No
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1. Program Find block ( Qt_findblock.m )

Y%=== ========Test variance ====== %
%VARIABLES:

%b: Codeword length

%block: host target block

%code: code of scrambled raster watermark vector

%indp: random permutation of vector indices

Yopicture: host image

%num1/num2/num3/num4:  beginning counter of block in this image

Y%ewmeark: watermark image

Y%wmarks: scrambled watermark image for embedding

Y%ewmarkv: raster scan vector of watermark image

ov__—:::__"‘—::__'_" === === no
cle;

clear all;close all;
disp('Welcome to Digital Image Watermarking Program');
disp('The first program for find block in host image');
disp("');
picture=input(‘Insert filename of hostimage is ... ','s');
wmark=input('Insert filename of watermark is...",'s"); %load watermark image
num1=0;num2=0;num3=0;num4=0; %begining counter of block in this image
wmark=imread(wmark);
max2_A = max(max(wmark));
min2_A = min(min(wmark));
if max2_A>1|min2_A<0
error(‘input matrices original watermark must have values in the interval [0,1]")
end
[e.f]=size(wmark);

wmark=double(wmark);

Yo======= = PERMUTATION e S

Y%this loop builds a vector of the watermark image pixels values in raster scan form

wmarkv = wmark(1,:);

for i=2:e, wmarkv = [wmarkv wmark(i,:)];end;%raster scan vector of watermark image
rand('state’,13);

indp = randperm(e*f);

for i = 1:length(indp), wmarkvs(i) = wmarkv(indp(i));end;%scrambled raster watermark vector
clear wmarkv indp;

code=wmarkvs;

[a,lenght_of_bit_in_watermark]=size(code);



lenght_of_bit_in_watermark

b=Ilenght_of_bit_in_watermark;

Yo========================= Quadtree Partition
picture=imread(picture);%load host image
[A,B,layer]=size(picture);

A=floor(A/64);

B=floor(B/64);

maximun_block=A*B*64

if length(code)>((A*B*64));

error('Over of size !l Please change size watermark and lenght of bit not over maximum block in Host Image')

end

picture=picture(:,:);

picture=double(picture);

disp(");

variance=-1;

while variance <0

disp(' ');variance=input(‘Insert value of variance ... ');

end

disp(' ');disp('Please wait cpu is runing');

lout=zeros(size(picture));

[A,B]==size(picture);

num2=0;num3=0;num4=0;

fori = 1:A/64;

forj = 1:B/64;

block=picture(((64*i-63):64%),((64*j-63):64%})):%section of 64x64 pixels
variance_new=(std2(block))*2;

if variance_new > variance

for k = (2%i-1):2%i

for | = (2%-1):2%]
block=picture(((32*k-31):32*k),((32*1-31):32*));%section of 32x32 pixels
variance_new=(std2(block))"~2;

if variance_new > variance

for m = (2*k-1):2*k

for n = (2*1-1):2*
block=picture(((16*m-15):16*m),((16*n-15):16"n));%section of 16x16 pixels
variance_new=(std2(block))"2;

if variance_new > variance

for O = (2*m-1):2*m

for P = (2*n-1):2*n
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block=picture(((8*0-7):8*0),((8*P-7):8*P));%section of 8x8 pixels
lout(((8*0-7):8*0),((8*P-7):8*P))=block;

end

end

num4=num4+4;

else
lout(((16*m-15):16*m),((16*n-15):16*n))=block;
end

end

end

num3=num3+4;

else
lout(((32*k-31):32*k),((32*1-31):32*1))=block;
end

end

end

num2=num2+4;

else
lout(((64*i-63):64*),((64*}-63):64%))=block;
end

end

end
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Yp==mmns === ===

disp('Total of block in host image for your variance');

Total=((A*B)/64"2)+(3/4)*(num2+num3-+num4)%Total of block this image

save 'Total' Total variance wmark picture;
save 'Code' code a b ;

if length(code) > Total,

error('Total must be less codeword length, press put new variance and run again')

end
disp(‘End the first program');clear all;
%Design by Mr.Adul Usa-Ngeaw & Mr.Nuttanun Koomshup
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2. Program Encoder ( Qt_encoder.m )

0, _ —_———

ENCODER: ====== %

%VARIABLES:
%average:
%b/bb/bbb/bbbb:
%block:
%C1/C2/C3/C4:
Ycell:

%count:

%Ctemp:

Y%diff:

%lblock:

%lout:

%num1/num2/num3/num4:

Y%picture:
Yrange:
Y%results:

%informational output,

mean value of intensities in difference image

setting the cell size

host target block

begining counter of position bit raster scan vector of watermark image
cell image output of host image when variance pass

counter for number of times minimal Cb is used

temporary variable to get the minimum Cb used

difference image for host-hostr

host image output when variane pass

host image output with watermark embedded

begining counter of block in this image

host image

value of maxi-mini, gives range of intensity values for difference image
vector composed of [range average Ctemp count];

no other purpose (no other purpose = NOP)

%Total: Total of block this image

%wmarkss: raster scan vector of code with Total

% === === —_— ==9%
cle;

clear all;close all;

disp('The second program for Encoding');

load Total;
load Code;
wmarkss=zeros(1,Total);
forg=1:a
forh=1:b

pix_w=code(g,h);

wmarkss(1,(h+((g-1)*b)))=pix_w;%raster scan vector of code with Total

end

end

disp(‘Please wait cpu is runing');

variance=variance;
count=0;
Ctemp=100;

lout=zeros(size(picture));

=Quadtree Partition = —===0,



[A,B]=size(picture);

Iblock=zeros(A,B);
cell=zeros((A+1),(B+1));b=ones(7);bb=ones(15);bbb=ones(31);bbbb=ones(63);%setting cell size
num1=0;num2=0;num3=0;num4=0;%begining counter of block in this image
C1=0;C2=0;C3=0;C4=0;%begining counter of position bit raster scan vector of watermark image
fori = 1:A/64;

forj = 1:B/64;

block=picture(((64*i-63):64*i),((64*j-63):64*j));%section of 64x64 pixels
variance_new=(std2(block))"2;

if variance_new > variance

for k = (2%i-1):2%

for | = (2%-1):2%]

block=picture(((32*k-31):32*k),((32*1-31):32*1));%section of 32x32 pixels
variance_new=(std2(block))"~2;

if variance_new > variance

form = (2*k-1):2*k

forn = (2*1-1):2*

block=picture(((16*m-15):16*n1),((16*n-15):16*n));%section of 16x16 pixels
variance_new=(std2(block))"~2;

if variance_new > variance

for O = (2*m-1):2*m

for P = (2*n-1):2*n

block=picture(((8*0-7):8*0),((8*P-7):8"P));%section of 8x8 pixels
C4=C1+C2+C3+C4+1;

C1=0;C2=0;C3=0;

[x,y]=size(block);

block=push(x,y,C4,block,wmarkss});

lout(((8*0-7):8*0),((8*P-7):8*P))=block;
cell(((8*0-6):(8*0)),((8*P-6):(8*P)))=b;
Iblock(((8*0-6):(8*0)),((8*P-6):(8*P)))=picture(((8*0-6):(*0)),((8*P-6):(8*P)));
end

end

num4=num4+4;

else

C3=C1+C2+C3+C4+1;

C1=0;C2=0;C4=0;

[x,y]=size(block);

block=push(x,y,C3,block,wmarkss);
lout(((16*m-15):16*m),((16*n-15):16*n))=block;
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cell(((16*m-14):(16*m)),((16*n-14):(16*n)))=bb;

Iblock(((16*m-14):(16*m)),((16*n-14):(16*n)))=picture(((16*m-14):(16*m)),((16*n-14):(16*n)));

end

end

end

num3=num3+4;

else

C2=C1+C2+C3+C4+1;

C1=0;C3=0;C4=0;

[x,y]=size(block);
block=push(x,y,C2,block,wmarkss);
lout(((32*k-31):32*k),((32*1-31):32*1))=block;
cell(((32*k-30):(32*k)),((32*1-30):(32*1)))=bbb;

Iblock(((32*k-30):(32+k)),((32*1-30):(32*1)))=picture(((32*k-30):(32*k)),((32*1-30):(32*1)));

end

end

end

num2=num2+4;

else

numi=num1i+1;

C1=C1+C2+C3+C4+1;
C2=0;C3=0;C4=0;

[x.yl=size(block);
block=push(x,y,C1,block,wmarkss);
lout(((64*-63):64*i),((64*j-63):64)))=block;
oell(((64+i-62):(64"))((64*}-62):(64+})))=bbbb;

Iblock(((64*1-62):(64*)).((64*-62):(64%)))=picture(((64*-62):(64*)),((64"-62):(64*)));

end

end

figure(1);clf;

imshow(picture,[0 255],'truesize');title('Original Image');
figure(2);clf;

imshow(lout,[0 255],'truesize');title('Image Mix');
diff=lout-picture;

average=mean(mean(diff));

mini=min(min(diff));

maxi=max(max(diff));



range=maxi-mini;

diff=255*(diff-mini)/range;

results=[range average Ctemp count]
figure(3);clf;

imshow(diff,[0 255],'notruesize');

disp('Total of block');

figure(4);clf;

imshow(cell,[]);title('Quadtree Partition');
figure(5);clf;

imshow(Iblock,[]);
Iblock=uint8(Iblock);imwrite(Iblock,' Image_Cell.omp');pause;close all;
Total=((A*B)/64"2)+(3/4)*(num2+num3-+num4)%Total of block this image
imwrite(cell,'Image_Qt.bmp");
lout=uint8(lout);imwrite(lout,'Image_Mixed.bmp');
hdiff=uint8(diff);imwrite(hdiff,'lmage_Diff.omp);
wmark=uint8(wmark);

save 'endatal’ picture wmark hdiff Total variance code a b;
Km=imread('Image_Mixed','omp');
Km=double(Km);

mix=Km/255; »

pic=double(picture);

pic=pic/255;

save 'endata2' lout pic

PSNR(pic,mix);

SNR(pic,mix);

size64x64=num1;

size32x32:num2-num3{4;
size16x16=num3-num4/4;

size8x8=num4;

disp(sprintf('size64x64 = %5.0f Block',size64x64))
disp(sprintf('size32x32 = %5.0f Block',size32x32))
disp(sprintf('size16x16 = %5.0f Block',size16x16))
disp(sprintf('size8x8 = %5.0f Block',size8x8))
disp('End the second program');close alliclear all;

%Design by Mr.Adul Usa-Ngeaw & Mr.Nattanun Koomshop
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3. Program Process ( Qt_process.m )

%== ==PROCESSING ==

clear all;close all;clc;

disp('The Third program for Processing');
disp('Please wait cpu is runing');

map = double(gray(256));

base =75;

width = 4*base-1;

height = 3*base-1;

ymin = 60;

xmin = 40;

load endata2;

% lout=imnoise(lout,'salt & pepper',0.02);%when push salt & pepper noise
% lout = imnoise(lout,'gaussian’,0,0.003);%when push gaussian noise
filtr = ones(3,3)/9;

filter = filter2(filtr,lout);

medfil = medfilt2(lout);

picresize = imresize(lout,[256 256],'bilinear');
picresize2 = imresize(picresizz,[512 512],'bilinear');
imwrite(lout,map,'jpeg100.jpg','quality’,100);
imwrite(lout,map,'jpeg75.jpg','quality’, 75);
imwrite(lout,map,'jpeg50.jpg’,'quality',50");
imwrite(lout,map,'jpeg25.jpg','quality',25);

jpeg100 = rgb2gray(imread('jpeg100','jpg’));
ipeg75 = rgb2gray(imread('jpeg75','jpg"));

jpeg50 = rgb2gray(imread(‘jpeg50','jpg"));

jpeg25 = rgb2gray(imread('jpeg25','jpg’));
cropping = zeros(size(lout));

cropping = 255*cropping;

cropping(xmin:xmin+1.5*height,ymin:ymin+1.5*width) = lout(xmin:xmin+1.5*height,ymin:ymin+1.5*width);

L_rotate = imrotate(lout,17,'bilinear’,'crop');

R_rotate = imrotate(L_rotate,-17,'bilinear','crop’);

d1 = uint8(lout);imwrite(d1,'unprocessed.bmp’);

d2 = uint8(filter);imwrite(d2,'lowpass.bmp');

d3 = uint8(medfil);imwrite(d3,' mediampass.bmp');
d4 = uint8(picresize2);imwrite(picresize,'scale.omp');
d5 = uint8(jpeg100);

d6 = uint8(jpeg75);

d7 = uint8(jpeg50);
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d8 = uint8(jpeg25);

d9 = uint8(cropping);imwrite(d9,'Cropping.bmp');

d10 = uint8(R_rotate);imwrite(L_rotate,'Rotation.omp"');
lout=double(lout);

lout=iout/255;

picresize2=double(picresize2);
picresize2=picresize2/255;

filter=double(filter);

filter=filter/255;

medfil=double(medfil);

medfil=medfil/255;

jpeg100=double(jpeg100);

jpeg100=jpeg100/255;

jpeg75=double(jpeg75);

jpeg75=(double(jpeg75))/255;
ipeg50=(double(jpeg50))/255;
ipeg25=(double(jpeg25))/255;
cropping=(double(cropping))/255;
R_rotate=(double(R_rotate))/255;

disp(' ');disp('PSNR when PROCESSING')
disp(‘1-unprocessed'),psnr(pic,lout)
disp('2-scaled'),psnr(pic,picresize2)
disp('3-lowpass'),psnr(picfilter)
disp('4-medianpass'),psnr(pic,medfil)
disp('5-jpeg100'),psnr(pic,jpeg100)
disp('6-jpeg75'),psnr(pic,jpeg75)
disp(‘7-jpeg50'),psnr(pic,jpeg50)
disp('8-jpeg25'),psnr(pic,jpeg25)
disp('9-rotation'),psnr(pic,R_rotate)
disp('10-cropping'),psnr(pic,cropping)
figure(12);clf;imshow(d10,[0 255],'truesize');title('Rotation Corrected');
figure(11);clf;imshow(L_rotate,[0 255],'truesize');title('Rotated');
figure(10);clf;imshow(d9,[0 255],'truesize’);title('Cropped');
figure(9);clf;imshow(d8,[0 255], truesize') title('JPEG25');
figure(8);clf;imshow(d7,[0 255],'truesize’) title('JPEG50');
figure(7);clf;imshow(d6,[0 255],'truesize') title('JPEG75');
figure(6);clf;imshow(d5,[0 255], truesize') title('JPEG100');
figure(5);clfimshow(d4,[0 255],'truesize');title('Scaled (R)");

figure(4);clf;imshow(picresize,[0 255]);title('Scaled down');
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figure(3);clf;imshow(d3,[0 255], truesize');title('Mediam');
figure(2);clf;imshow(d2,[0 255],truesize') title('Lowpassed');
figure(1);clfimshow(d1,[0 255],truesize’) title('Unprocessed');

d=d1;

save 'datal' d;
d=d2;

save 'data2' d;
d=d3;

save 'data3' d;
d=d4,

save 'data4d' d;
d=d5;

save 'datab' d;
d=d6;

save 'data6' d,
d=d7;

save 'data7' d;
d=d3;

save 'data8' d;
d=d9;

save 'data9' d;
d=d10;

save 'data1C’ d;
disp(' ');disp('End the third program');

pause; close all;clear all
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4. Program Decoder ( Qt_decoder.m )

Y============================ DECODER === ==%
%VARIABLES:
%blockn: target block from hostr
%blocko: target block from host
%C1/C2/C3/C4: beginning counter of position bit raster scan vector of recovered scrambled
% watermark
%lout: host image with watermark embedded
Ypicture: host image
%indd: random permutation of vector indices
Y%wcode: recovered scrambled watermark
Yowmarkr: recovered, descrambled watermark & raster scan vector of recovered, scrambled
% watermark
Yowmarkvr: descrambled watermark vector
% T = %

close all;clear all;clc;
disp(‘The last program for Decoding');
load endatat;

load endata?;

clear hdiff;

wmarkr = ones(size(wmark));
wdiff = zeros(size(wmarkr));
picture = double(picture);
[A,B] = size(picture);

[e.f] = size(wmark);

wmark = double(wmark);
wmarks=ones(1,Total);
wcode=zeros(size(code));
wcode=wcode;

C1=0;C2=0;C3=0;C4=0;

%=== ===Quadtree Partition Decoder=============================9;

disp(' ');disp('File Data of processed image for Decode');

disp( 1-unprocessed.bmp');
disp(' 2-scaled.bmp');
disp(' 3-lowpass.bmp');
disp("  4-medianpass.bmp');
disp("  5-jpeg100.jpg’);
disp('  6-jpeg75.jpg’);

disp('  7-jpeg50.jpg’);



disp('  8-jpeg25.jpg');

disp(' 9-rotation.bomp');

disp("  10-cropping.bmp');

disp(' ');data=input('Insert processed image for Decode ...",'s");
data=imread(data);

disp(' ');disp('Please wait cpu is runing');

fori= 1:A/64;

forj = 1:B/64;
block=picture(((64*i-63):64*),((64*j-63):64*}));%section of 64x64 pixels
variance_new=(std2(block))"2;

if variance_new > variance

for k = (2*i-1):2%

for | = (2%-1):2%
block=picture(((32*k-31):32"k),((32*-31):32*1));%section of 32x32 pixels
variance_new=(std2(block))*2;

if variance_new > variance

for m = (2*k-1):2*k

for n = (2*1-1):2*
block=picture(((16*m-15):16*m),((16*n-15):16*n));%section of 16x16 pixels
variance_new=(std2(block))"2;

if variance_new > variance

for O = (2*m-1):2*m

for P = (2*n-1):2*n
block=picture(((8*0-7):8*0),((8*P-7):8*P));%section of 8x8 pixels
C4=C1+C2+C3+C4+1;

C1=0;C2=0;C3=0;

blockn=data(((8*0-7):8*0),((8*P-7):8*P));
wmarks=black(C4,block,blockn,wmarks);

end

end

else

C3=C1+C2+C3+C4+1;

C1=0;C2=0;C4=0;
blockn=data(((16*m-15):16*m),((16*n-15):16*n));
wmarks=black(C3,block,blockn,wmarks);

end

end

end

else
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C2=C1+C2+C3+C4+1;

C1=0;C3=0;C4=0;
blockn=data(((32*k-31):32*k),((32*1-31):32*));
wmarks=Dblack(C2,block,blockn,wmarks);
end

end

end

else

C1=C1+C2+C3+C4+1;

C2=0;C3=0;C4=0;
blockn=data(((64*i-63):64"i),((64*j-63):64%));
wmarks=black(C1,block,blockn,wmarks);
end

end

Y%p========= SmE — = == i) —_——— =====0

wmarks=wmarks(1,1:length(wcode));%building the recovered, scrambled watermark vector for descrambling
decpm=wmarks;

rand('state',13);%resetting the seed for the random # generator

indd = randperm(e*f);%erecovering the random index vector for descrambling

wmarkvr=ones(size(decpm));

fori = 1:length(indd), wmarkvr(indd(i)) = decpm(i);end%inverse scrambling operation

for i=1:e, wmarkr(i,:) = wmarkvr{(i-1)*f+1:i*);end: clear wmarkvr i;

clear picture name num ABef;
correlation_of_Decoderwmark=corr2(wmark ,wmarkr)
figure(1);clf;
subplot(121);imshow(wmark(:,:),'notruesize');title('Original’);
subplot(122);imshow(wmarkr(:,:),'notruesize') title(‘Decoder');
imwrite(wmarkr,'Decoderwmark.bmp');

wmarkr = uint8(255*wmarkr);

clear wmark wmarkr ;pause; close all;

%Desige by Mr. Adul Usa-Ngeaw & Mr. Nuttanun Koomshup
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Function black ( block.m)

function wmarks=black(c,block,blockn,wmarks)

Yp======== == = : ==================Y%
%VARIABLES:

Yblockn: target block from hostr

%block: target block from host

%bck: target block from block

Y%bckn: target block from blockn

Yosumn: sum of pixel intensities for target block from hostr

Ysumo: sum of pixel intensities for target block from host

%sumold: sum of pixel intensities for target block from bck

Josumnew: sum of pixel intensities for target block from bckn

Yowmarks: raster scan vector of recovered, scrambled watermark

Y%p========== = m=======%

wmarks=wmarks;
z=8;%terminal of sub block
n=0;%begining counter of position bit
[x,y]=size{block);
bit=zeros(size(1,x*y/z"2));
sumo=sum(sum(block));
sumn=sum(sum(blockn));
if x <64
for A=1:x/z
for B=1:y/z
bck=block(((z*A-(z-1)):z*A),((z*B-(z-1)):z*B));
bckn=blockn(((z*A-(z-1)):z*A),((z*B-(z-1)):z*B));
n=n+1;
sumold=sum(sum(bck));
sumnew=sum(sum(bckn));
if sumnew < sumold,bit(1,n)=0;
else
bit(1,n)=1;
end
end
end
sumb=sum(bit);
if (sumn >= sumo)|(sumb >0),wmarks(1,c)=1;
else

wmarks(1,c)=0;



end
else
z=2/2;
for A=1:x/z
for B=1:y/z
bck=block(((z*A-(z-1)):z*A).((z*B-(z-1)):2*B));
bekn=blockn(((z*A-(z-1)):z*A)((z*B-(z-1)):z*B));
n=n+1;
sumold=sum(sum(bck));
sumnew=sum(sum(bckn));
if sumnew < sumold,bit(1,n)=0;
else
bit(1,n)=1;
end
end
end
sumb=sum(bit);
if (sumn >= sumo)|(sumb >0),wmaiks(1,c)=1;
else
wmarks(1,c)=0;
end

end
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Function push ( push.m)

function Mix_Out=push(x,y,c,block,wmarks)

%VARIABLES:

Y%alpha: contrast scaling factor, arbitrary

Y%bit: watermark bit to be embedded in 8x8 host block

Y%block: host target block

%Mix_out: block of modified pixel values to be used to construct hostr
%Cb: contrast value for host target block

%Cmin: minimum block change value, arbitrary

%count: counter for number of times minimal Cb is used

%Ctemp: temporary variable to get the minimum Cb used

%delta: random change value for pixels in embedder algorithm (from paper)
Yegmanx: maximum pixel value for host target block

%gmean: mean pixel value for host target block



%gmin:
%group_minlo:

%group_minhi:

%group_maxlo:

%group_maxhi:

%maxlo/maxhi:
%minlo/minhi:
%mlo/mhi:

Y%wmarks:
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minimum pixel value for host target block

mean pixel value for pixels with values below/above the mean for mlo

mean pixel value for pixels with values below/above the mean for gmean
mean pixel value for pixels with values below/above the mean for mhi

mean pixel value for pixels with values below/above the mean for gmax

mean values for pixels with values below/above the mean for mhi

mean values for pixels with values below/above the mean for mlo

mean values for pixels with values below/above the mean for host target block

scrambled watermark image for embedding

T=8;%terminal of sub block

bit=wmarks(1,c);

Mix_Out=block;

if x > 64;
forA = 1:x/T
for B = 1:y/T

Sub_block=Mix_Out(((T*A-(T-1)):T*A),((T*B-(T-1)):T*B));

[a,b]=size(Sub_block);

blockv=zeros(1,a*b);

M_Out=Sub_block;

forg=1:a

forr=1:b

bck=M_Out(q,r);

blockv(1,(r+(g-1)*b))=bck;

end

end

rand('state’,sum(100*clock));

Cmin=1;

alpha=0.1;

gmean=sum(blockv)/(a*b);

gmax=max(blockv);

gmin=min(blockv);

Cb=max(Cmin,alpha*(gmax-gmin));

lo=find(blockv <= gmean);

hi=find(blockv > gmean);

mlo=sum(blockv(lo))/length(blockv(l0));

mhi=sum(blockv(hi))/length(blockv(hi));

minlo=find(blockv <= mlo);

minhi=find((blockv > mlo)&(blockv <= gmean));

group_minlo=sum(blockv(minlo))/length(blockv(minlo));



group_minhi=sum(blockv(minhi))/length(block(minhi));
maxlo=find((blockv <= mhi)&(blockv > gmean));
maxhi=find(blockv > mhi);
group_maxlo=sum(blockv(maxlo))/length(blockv(maxlo));
group_maxhi=sum(blockv(maxhi))/length(blockv(maxhi));
blockvr=zeros(size(blockv));
for s = 1:length(blockv);
delta=rand*Cb;
if bit == 1,
if blockv(1,s) > group_maxhi,blockvr(1,s)=gmax+2*delta;
elseif (blockv(1,s) >= group_maxlo)&(blockv(1,s) < mhi),blockvr(1,s)=mhi+1.1*delta;
elseif (blockv(1,s) >= group_minhi)&(blockv(1,s) < gmean),blockvr(1,s)=gmean+1.1*delta;
elseif (blockv(1,s) >= group_minlo)&(blockv(1,s) < mlo),blockvr(1,s)=mlo+1.1*delta;
else blockvr(1,s) =blockv(1,s)+1.5*delta;
end
end
if bit==0,
if blockv(1,s) < group_minlo,blockvr{1,s)=gmin-delta;
elseif (blockv(1,s) >= mlo)&(blockv(1,s) < group_minhi),blockvr(1,s)=mlo-delta;
elseif (blockv(1,s) >= grnean)&(blockv(1,s) < group_maxlo),blockvr(1,s)=gmean-delta;
elseif (blockv(1,s) >= mhi)&(blockv(1,s) < group_maxhi),blockvr(1,s)=mhi-delta;

else blockvr(1,s) = blockv(1,s)-delta:

end

end

end

forg1 =1:a
forrt =1:b

M_Out(q1,r1)=blockvr(1,(r1+(q1-1)*b));
end
end

Mix_Out(((T"A-(T-1)):T*A),((T*B-(T-1)):T*B))=M_Out;

end

end

else
for A = 1:x/4
for B = 1:y/4

Sub_block=Mix_Out(((4*A-3):4*A),((4*B-3):4*B));
[a,b]=size(Sub_block);

blockv=zeros(1,a*b);
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M_Out=Sub_block;
forg=1:a
forr=1b
bck=M_Out(q,r);
blockv(1,(r+(g-1)*b))=bck;
end
end
rand('state’',sum(100*clock));
Cmin=1;
alpha=0.1;
gmean=sum(blockv)/(a*b);
gmax=max(blockv);
gmin=min(blockv);
Cb=max(Cmin,alpha*(gmax-gmin));
lo=find(blockv <= gmean);
hi=find(blockv > gmean);
mlo=sum(blockv(lo))/length(blockv(lo));
mhi=sum(blockv(hi))/length(blockv(hi));
blockvr=zeros(size(blockv));
for s = 1:length(blockv);
delta=rand*Cb;
if bit==1,
if blockv(1,s) > mhi,blockvr(1,s)=gmax;
elseif (blockv(1,s) >= mlo)&(blockv(1,s) < gmean),blockvr(1,s)=gmean+2*delta;
else blockvr(1,s) =blockv(1,s)+2*delta;
end
end
if bit == 0,
if blockv(1,s) < mlo,blockvr(1,s)=gmin;
elseif (blockv(1,s) >= gmean)&(blockv(1,s) < mhi),blockvr(1,s)=gmean-delta;

else blockvr(1,s) = blockv(1,3)-delta;

end

end

end

forgl =1:a
forr1 =1:b

M_Out(g1,r1)=blockvr(1,(r1+(q1-1)*b));
end

end



Mix_Out(((4*A-3):4*A),((4*B-3):4*B))=M_Out;
end
end

end
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Function PSNR ( Psnr.m )
function PSNR(A,B)

% PURPOSE: To find the PSNR (peak signal-to-noise ratio) between two
% intensity images A and B, each having values in the interval
% [0,1]. The answer is in decibels (dB).

%

% SYNOPSIS: PSNR(A,B)

%

% DESCRIPTION: The following is quoted from "Fractal Image Compression®,
% by Yuval Fisher et al.,(Springer Verlag, 1995),

% section 2.4, "Pixelized Data".

%

% "...PSNR is used to measure the difference between two

% images. Itis defined as

%

% PSNR =20 * log10(b/rms)

%

% where b is the largest possible value of the signal

% (typically 255 or 1), and rms is the root mean square

% difference between two images. The PSNR'is given in

% decibel units (dB), which measure the ratio of the peak

% signal and the difference between two images. An increase
% of 20 dB corresponds to a ten-fold decrease in the rms

% difference between two images.

%

% There are many versions of signal-to-noise ratios, but

% the PSNR is very common in image processing, prcbably
% because it gives better-sounding numbers than other

% measures."

%

% EXAMPLE 1: load clown

% A = ind2gray(X,map); % Convert to an intensity image in [0,1].
g



% B=0095*A;
% PSNR(A,B)

%

% EXAMPLE 2: A = rand(256);
% B=09"A;

% PSNR(A,B)
if A==

error('lImages are identical: PSNR has infinite value')

end

max2_A = max(max(A));
max2_B = max(max(B));
min2_A = min(min(A));
min2_B = min(min(B));

ifmax2_A>1|max2_B>1|min2_A<0|min2_.B<0

error('input matrices must have values in the interval [0,1]')

end

error = A-B;

decibel = 20*log 10(1/(sgrt(mean(mean(error.”2)))));
disp(sprintf('PSNR = +%5.2f dB' decibel))
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% Make B close to, but different from, A.

% -—> "PSNR = +33.49 dB"

% A is a random 256 X 256 matrix in [0,1].
% Make B close to, but different from, A.

% -——> "PSNR = +24.76 dB (approx)"

Function SNR ( Sur.m )
function SNR(a,b);
a=double(a);
b=double(b);
¢=0;d=0;
[row,col]=size(a);
for icol=1:col
for irow=1:row
c=a(icol,irow)+c;
d=b(icol,irow)+d;
end
end
decibels =10*og10((c"2)/((d-c)"2));;
disp(sprintf('SNR = +%5.2f dB',decibels))





