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ABSTRACT

This thesis presents the watermarking for still image which is performed in
spatial domain. This technique is very beneficial to protect copyright. Using this
technique, human eyes can not observe the variation of watermarked image. The
proposed method used watermark image as binary image which is embedded onto an
original image by using method that gray levels of pixels in original image blocks are
modified to appropriate an intensity of blocks. Blocks of original image are separated by
Quadtree. After using Quadtree, the difference of blocks size that depend on the
intensity of original image will occur. The variation occurs from watermark image bits in
order to embed onto the original image blocks. It makes the intensity of pixels adapt the
value following by the intensity of block and the value of watermark image bits that are
embeded. As the method of varying blocks size, the original image is well adapted.
Therefore, the quality of original image will not reduce until the perceptual of human
eyes are affected. In addition, after the implementation of the watermarked image is
processed in the image processing method, it shows that the watermarked image is
robustness and difficult to attack in any image processing method. The results of this
proposed watermarking method are more promising when compared with the results of

the previously published method.
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nsUszinaNAaNInAARes (digital image processing) LféﬂqmnLﬂunszmumiﬁﬁ::ﬁﬂﬂé
n199LAT1s W NaN (Digital Image Analysis) nwuﬂm%uﬂanﬂwﬁugﬁu (basic
transformation) axtsznaLidias 3 1ia A

o madaunn (translation)

®  NIIUYUNN (rotation)

® n138UaNN (scaling)

e n13dAnTw (shearing)

=l
3.1 NISLABUNIN (translation)

! o | o
HIUN1TRAUAT UM T BININANNIZEZNTTRANIIWLIUNY X (TX) WATAINUUL
Wiy (Ty) Waduualifdadude (x, y)waziialudde (x,y) arlfaunisaeanis

= o
LADLNTWAN LA
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x =x+Tx

y =y+Ty (n.3)

Feaunsndedle lugluuuaeansinle dnuusdialie P = P+ T e

P = [x} P= {x} uas T = [Tx} (n.4)
y ¥ Ty

3.2 NMFUYUNTN (rotation)
Wlunsuyusitumbiresnwluszuiy xy seUA9aMLU (pivot point)

(x,¥)

(X%, ¥)

A 4

Pivot Point

= ° '
;a:‘l_h/l n.11 NITUHURTULNNUBINTWTEL9 A AU

= !
[qn3U7 .11 azldan

x =7rcos(g)

y =rsin(¢) (n.5)
LA

x =rcos(¢+80) =r(cosgcosé —sin @sin H)

y =rsin(¢ +8) = r(sin ¢ cos@ — cos @sin &) (n.6)

v
v F .
NI ITUAINANNST (5.3) kAT (5.4) a2 IFaNN19T0INTIINYUIBURA Pivot

o

, X
Point AYUAR

x =xcos(@)— ysin8

y = xsin(@) - ycosf (n.7)
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psammnden ey lugluuuseansinly Tenwasdiiie P' = RP (e

P - x' P e — 0959 —sind - (n.8)
y y sind  cos@

vl

nsngunIwiieqn Pivot lildegfiqa Origin Aansouniilaqa Pivot laildag

Fuvitia (0,0) (Felegfidauwmia (x . ))

V

g
%00 4

X

»
>

(x1; ¥1)
=l
s1fi n.12 msepsiudse st fegaaus

|
ar

ad - My e ol o Wy o 4
aanaTlunmsuunwidaanvyuliliagnqm Origin @ msoin ldasilae

q

1. inmsulaeuas Pivot ltgyqm Origin

XE= X v,

= 40 (n.9

¥INTULUTELAA Origin
3. fhanfulidaqaiin Tnenisuandian x uas y,

ar

. v gy . X
4. gumIayuseUan Pivot 1n 7 Nldldgm Origin HAnwuzAsilAe

¥ =(x-x,)0050—(y— y,)sin@ +x,
Y =(x—x)sinf+(y—y,)cosd+y, (N.10)

3.3 NIsHALRTULNENN (scaling)
nMseiauazN1senen waINnInn einennslg scaling factor 1iun Sx waz Sy @4

g miunistiausznsaenaniwluniaunu x uas y muandu Tned
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0<S,,S, <1 wamdnunstianw

S8, >1  uaasduiuniseneniw

E =8 wamadnsauazaengasitlulinudngou
AEN wasadnsauasuengas liiudnadau

L3
ANNIUINTT scaling ATHANHEAIT

g =28

Yy =y8, (n.11)

v
o o

paiusiauazuenantwing Mumnazidnenzsiine P = S.P 1ie

R x S T
P =7 P= uwas S=| (n.12)
L’} L’} {O SJ

msdeuazeniileqn Fixed lldegfian Origin A3naslunisteuazaens
nwifleqn Fixed sesmstatazuendildegfian Origin ansnsminlddiine
1. Withaswmdilliiaga Origin
2. ianstiauazaeneseuqn Origin
3. #elufem Fixed Point nileviax

ar

di' v ' -gdl
’ﬂ\?@Z1ﬂﬁ3~!ﬂ']?‘ﬂﬂ\1ﬂﬂuﬁ:‘ﬂﬂ’]&lﬂ’1w NHAS

X =(x—- XMt X,

Y =-y)8, %y, (n13)

ar

azutlaslAtlugilae

x =x§, +x,(1-85,)
Yy =y8,+y,(1-8,) (n.14)
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v
o e~

Il L7 = =l o ar =’i’=ﬂ
parunstiauazaensnwing IEATNAzlAN UL AEAS

1S, 0 «x x.(1-5))
P=|" 4 ¥ (n.15)
v s D)
3.4 m'i‘ﬁmn'}w(Shearing)

v
a - v o o« 14
nsdan wasadan wldiiauuauni x uas y mgﬂw n.13

A Y
1=gnaunisutag
2 2=gludansliamuunauny y
4 A3 3=pluasnisdamauuaun x
x X
>
(x0,0)

<l =
gﬂ%’l N.13 NITUANTWILHAUNU X LA LAWY

- P p e i
Tmﬂ*nmmmmwmu LWUALNU X RZUANNTTANUAD

Y. =yx =x+yshX (n.16)

LAZNTOAN AN LN y avilaunissall

X =x,y =y+xshY (n.17)

nua il saX udAintsta luuuwaunu x was shy Wuan1sdaluuuauny y
Fariuaziulian nswdawmnastadis azifunisy Reusinundsssqaninnis ugunw

TeaziunsnssiniuAiadiuuasesqafignulReusitumindu 4
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Tdsunsunisvinnnargu lulatnugltdaa

1 o [~3
<i:‘Ll FHNTHNITUIATAIN L‘ITNLL@%“'\Q'\‘UQ UURBNABINTN

PURPOSE: To find the blocks in intensity this original image
The possible values for FMT include:

'ing' or 'jpeg' Joint Photographic Experts Group (JPEG)

'tif* or 'tiff' Tagged Image File Format (TIFF)

'gif’ Graphics Interchange Format (GIF)
'‘bmp' Windows Bitmap (BMP)

‘png’ Portable Network Graphics

'hdf’ Hierarchical Data Format (HDF)
golc 4 Windows Paintbrush (PCX)

xwd' X Window Dump (XWD)

'qur Windows Cursor resources (CUR)
'ita Windows lcon resources (ICO)

Supported file types

JPEG Any baseline JPEG image; JPEG images with some
commonly used extensions

TIFF Any baseline TIFF image, including 1-bit, 8-bit, and
24-bit uncompressed images; 1-bit, 8-bit, and 24-bit
images with packbits compression; 1-bit images with
CCITT compression; also, 16-bit grayscale, 16-bit
indexed, and 48-bit RGB images

GIF Any 1-bit to 8-bit GIF image

BMP 1-bit, 4-bit, 8-bit, 16-bit, 24-bit, and 32-bit uncompressed
images; 4-bit and 8-bit run-length encoded (RLE) images

PNG Any PNG image, including 1-bit, 2-bit, 4-bit, 8-bit,
and 16-bit grayscale images; 8-bit and 16-bit
indexed images; 24-bit and 48-bit RGB images
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% HDF 8-bit raster image datasets, with or without an

% associated colormap; 24-bit raster image datasets

% PCX 1-bit, 8-bit, and 24-bit images

% XWD 1-bit and 8-bit ZPixmaps; XYBitmaps; 1-bit XYPixmaps
% ICO 1-bit, 4-bit, and 8-bit uncompressed images

% CUR 1-bit, 4-bit, and 8-bit uncompressed images

Yo==========================SSSSSSSSSssssossooss============%
%VARIABLES:

%b: Codeword length

%block: host target block

%code: code of scrambled raster watermark vector

%indp: random permutation of vector indices

Ypicture: host image

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

Yewmark: watermark image

Yewmarks: scrambled watermark image for embedding

Y%owmarkv: raster scan vector of watermark image

p====moc oot oo oS E —mm s oo oo oo om oo o Se S oo S e s ===
clc;

clear all;

%picture=input('lnsert original image file name ','s");
%wmark=input('Insert watermark image file name ','s");
num1=0;num2=0;num3=0;num4=0;%begining counter of block in this image
wmark=imread(‘kmit/1','bmp"); %load watermark image
max2_A = max(max(wmark));
min2_A = min{min(wmark));
ifmax2_A>1|min2_A<0

error('input matrices original watermark must have values in the interval [0,1]')
end
(e,fl=size(wmark);

wmark=double(wmark);
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%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);

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

clear wmarkv indp;

code=wmarkvs;

[a,bit]=size(code);

bit

picture=imread(‘lenab12','omp'); %load host image in format *.jpg, *.bmp
%picture=in512bw(picture);%load host image in format *.raw
[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 press change size watermark and b not over maximum block in this
picture')
end
picture=double(picture);
lout=picture;
disp(‘Insert value of variance');
variance=-1;
while variance < 0

variance=input('Press enter value of variance now...");



end
lay=input('Insert layer for find blocks...");

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

for lay = lay:lay
fori=1:A
forj=18B

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

if variance_new > variance

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

for | = (21%27

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

if variance_new > variance

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

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

block=picture(((16*m-15):16*m),((16*n-15):16*n),lay); %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*Q),((8*P-7):8*P),lay); %section of 8x8 pixels
lout(((8*0-7):8*0),((8*P-7):8*P),lay)=block;

end

end

num4=num4-+4;

else

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

end

end

end
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num3=num3+4;

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

end

end

num2=num2+4;

else

num1=num1+1;
lout(((64*i-63):64%i},((64%j-63):64%)),lay)=Dblock;
end

end

end

end

picture=uint8(picture);

disp('Total of block');

size64x64=num1;

size32x32=num2-numa3a/4;
size16x16=num3-num4/4;

size8x8=num4;

disp(sprintf('size64x64 = %5.0f Block',size64x64))
disp(sprintf('size32x32 = %5.0f Block',size32x32))
disp(sprintf('size 16x16 = %5.0f Block',size 16x16))
disp(sprintf('size8x8 = %5.0f Block',size8x8))
Total=((A*B)+(3/4)*(num2+num3+num4))%Total of block this image
free_space_blocks = Total-bit

rc = floor(sqrt(Total));

disp(‘This threshold in this original image you can use square watermark');

disp(sprintf('Row size % .0f pixels',rc));
disp(sprintf('Colum size % .0f pixels',rc));
if (length(code) > Total)
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error('Total must be less than codeword length run again press put new variance')

end

disp('Password for decoder');
disp(sprintf('Row size % .0f pixels',e));
disp(sprintf('Colum size % .0f pixels',f));
disp(sprintf('Code word length % .0f bit',b));
disp(sprintf('Total % .0f blocks',Total));
disp(sprintf('"Variance % .0f ',variance));

disp(sprintf('Layer % .0f',lay));

save ‘Total' Total variance wmark picture code a b lay;

clear all;

2. Tdswngsuniselaninana i

O===gb o e N O R e — e e =S e e O
%VARIABLES:
Y%average: mean value of intensities in difference image

%b/bb/bbb/bbbb: setting the cell size
%block: host target block

%C1/C2/C3/C4: begining counter of position bit raster scan vector of watermark image

%cell: cellimage output of host image when variance pass
%count: counter for number of times minimal Cb is used
%Ctemp: temporary variable to get the minimum Cb used
%diff: difference image for host-hostr

%lblock: host image output when variane pass

%lout: host image output with watermark embedded

%num1/num2/num3/num4: begining counter of block in this image
%picture: host image
%range: value of maxi-mini, gives range of intensity values for difference image

%results: vector composed of [range average Ctemp count];
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%informational output, no other purpose (no other purpose = NOP)
%Total: Total of block this image

%wmarkss: raster scan vector of code with Total

cle;

clear all;

load Total,

wmarkss=zeros(1,Total);

forg=1:a

forh=1b

pix_w=code(g,h);

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

end

rand('state’,20);

indp = randperm(Total);

fori = 1:length(indp), bit(i) = wmarkss(indp(i));end;wmarkss=bit;

cleariindp bit

disp(‘Press wait cpu is runing");
variance=variance;

count=0;

Ctemp=100;
[A,B,layer]=size(picture);
Iblock=zeros(A,B,layer);
cell=picture;b=ones(7);bb=ones(15);bbb=0nes(31);bbbb=0nes(63); %setting the size
A=floor(A/64);

B=floor(B/64);
picture=double(picture);
lout=picture;

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

for lay = lay:lay

lout(:,:,lay)=picture(:,:,lay);

fori= 1A

forj=1.B

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

if variance_new > variance

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

for | = 241324

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

if variance_new > variance

for m = (27k-1):2*k

for n = @§- 12"

block=picture(((16*m-15):16*m),((16*n-15):16*n),lay); %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*O-7):8*0),((8*P-7):8"P),lay); %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),lay)=block;
cell(((8*0-6):(8*0)),((8*P-6):(8*P)),lay)=b;

Iblock(((8*0-6):(8*0)),((8*P-6):(8*P)),lay)=picture(((8*0-6):(8*0)).((8*P-6):(8*P)) lay);

end

end
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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),lay)=block;
cell(((16*m-14):(16*m)),((16*n-14):(16*n)),lay)=bb;
Iblock(((16*m-14):(16*m)),((16*n-14):(16*n)),lay)=picture(((16*m-14):(16*m)),((16*n-
14):(16*n)),lay);

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),lay)=block;
cell(((32*k-30):(32*k)),((32*1-30):(32*1)),lay)=bbb;
Iblock(((32*k-30):(32*k)),((32*1-30):(32*1)) lay)=picture(((32*k-30):(32*k)),((32*I-
30):(32*1)),lay);

end

end

end

num2=numz2+4;

else

numi=numi+1;

C1=C1+C2+C3+C4+1,

C2=0,C3=0;C4=0;
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[x,y]=size(block);
block=push(x,y,C1,block,wmarkss);
lout(((64*i-63):64%),((64%j-63):64%j) lay)=block;
cell(((64*i-62):(64*1)),((64%j-62):(64%))),lay)=bbbb;
Iblock(((64*i-62):(64*1)),((64*]-62):(64*))),lay) =picture(((64*i-62):(64"1)).((647}-
62):(64%)).lay);

end

end

end

diff=lout(:,: lay)-picture(:,:,lay);

end

mix=lout/255;

pic=picture/255;

mini=min(min(diff));

maxi=max(max(diff));

range=maxi-mini,

diff=255*(diff-mini)/range;
picture=uint8(picture);

lout=uint8(lout);

cell=uint8(cell);

imwrite(lout,'Mix.omp");
imwrite(cell,'Cell_Map.bmp');
imwrite(diff,'diff_Image.bmp");
lo=imread('Mix.bmp");

lo=double(lo);

mix=10/255;

figure(1);clf;

imshow(picture,[ 1);title('Original Image'");
figure(2);clf;

imshow(lout,[ 1);title('lmage Mix');

figure(3);clf;



imshow(diff,[0 255]);title('Diff_Image");

figure(4);clf;

imshow(cell(:,:,:),[ 1):title('Cell Map');

psnr(pic,mix)

save 'endatal’ picture wmark Total variance code a b lay;
save 'endata2' lout picture;

pause;close all;clear all;

3. Tdgngun1511A Signal to Noise Ratio w@gPeak Signal to Noise Ratio
3.1 Signal to Noise Ratio(SNR)
function SNR(a,b);
a=double(a);
b=double(b);
¢=0;d=0;
[row,col]=size(a);
foricol=1:col
for irow=1:row
c=a(icol,irow)+c;
d=b(ical,irow)+d;
end
end
decibels =10*log10((c~2)/((d-c)"2));:
disp(sprintf('SNR = +%5.2f dB',decibels))

3.2 Peak Signal to Noise Ratio(PSNR)
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. It is 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, probably
% because it gives better-sounding numbers than other

% measures."

if A==

error('Images 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));
if max2_A>1|max2_B>1|min2_A<0|min2_B<0
error(‘input matrices must have values in the interval [0,1]1)
end
error = A - B;
decibel = 20*log10(1/(sqrt(mean(mean(error.”2)))));
disp(sprintf(PSNR = +%5.2f dB ‘,decibel))
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4. TSN UNITNAFAUAINAIVIUAILLUN

clear all;clc

disp('Press wait cpu is runing');

base = 75;

width = 4*base-1;

height = 3*base-1;

ymin = 60;

xmin = 40;

load endata2;

filtr = ones(3,3)/9;

hostripf = filter2(filtr,lout);

hostrmf = medfilt2(lout);
[A,B,layer]=size(lout);

% lout=imnoise(lout,'salt & pepper',0.02);

% lout = imnoise(lout,'gaussian',0,0.005);
picresize = imresize(lout,[256 256],'bilinear');
picresize2 = imresize(picresize,[A B],'bilinear’);
imwrite(lout,'Mix100.jpg','quality’,100);
imwrite(lout,'Mix75.jpg','quality’,75);
imwrite(lout,'Mix50.jpg’,'quality',50');
imwrite(lout,'Mix25.jpg','quality',25);
Image_Mix100 =imread('Mix100.jpg");
Image_Mix75 = imread('Mix75.jpg');
Image_Mix50 = imread('Mix50.jpg');
Image_Mix25 = imread('Mix25.jpg');

crop = zeros(size(lout));

crop = 255*crop;
crop(xmin:xmin+height,ymin:ymin+width) = lout(xmin:xmin+height,ymin:ymin+width);
L_rotate = imrotate(lout,-17,'bilinear’,'crop");

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



imwrite(L_rotate,'L_rotate.jpg','quality’,100);
d1 = uint8(lout);imwrite(d1,'Unprocess.bmp');
d2 = uint8(picresize2);imwrite(d2,'Resize.bmp');
d3 = uint8(Image_Mix100);

d4 = uint8(Image_Mix75);

d5 = uint8(Image_Mix50);

d6 = uint8(Image_Mix25);

d7 = uint8(crop);imwrite(d7,'LenaCrop.bmp");
d8 = uint8(R_rotate);imwrite(d8,'Rotate.bmp");
d9 = uint8(hostrlpf);imwrite(d9,'Lowpassed.bmp');
d10 = uint8(hostrmf);imwrite(d10,'Median.bmp');
lout=double(lout);

lout=lout/255;

picresize2=double(picresize2);
picresize2=picresize2/255;
Image_Mix100=double(image_Mix100);
Image_Mix100=Image_Mix100/255;
image_Mix75=double(Image_Mix75);
Image_Mix75=(double(Image_Mix75))/255;
Image_Mix50=(double(Image_Mix50))/255;
Image_Mix25=(double(lmage_Mix25))/255;
crop=(double(crop))/255;
R_rotate=(double(R_rotate))/255;
hostripf=(double(hostripf))/255;
hostrmf=(double(hostrmf))/255;
pic=double(picture)/255;
disp('unprocessed'),psnr(pic,lout)
disp('Lowpass'),psnr(pic, hostrlpf)
disp(‘median'),psnr(pic,hostrmf)
disp('picresize'),psnr(pic,picresize2)

disp('Image_Mix100"),psnr(pic,Image_Mix100)

83



84

disp('Image_Mix75"),psnr(pic,Image_Mix75)
disp('Image_Mix50'),psnr(pic,Image_Mix50)
disp('Image_Mix25"),psnr(pic,Image_Mix25)
disp('croped"),psnr(pic,crop)
disp('R_rotate'),psnr(pic,R_rotate)

figure(1);clf;imshow(d1,[0 255],truesize');title(‘"Unprocessed');
figure(11);clf;imshow(d9,[0 255],truesize");title('Lowpassed');
figure(12);clf;imshow(d10,[0 255], truesize');title('Mediam');
figure(2);clf;imshow(picresize,[0 255]);title('Scaled down');
figure(3);clf;imshow(d2,[0 255],'truesize');title('Scaled (R)');
figure(4);clf;imshow(d3,[0 255],'truesize’);title('JPEG100Q");
figure(5);clf;imshow(d4,[0 255], 'truesize');title('(JPEG75');
figure(6);clf;imshow(d5,[0 255],'truesize');title ('JPEG50");
figure(7);clf;imshow(d6,[0 255],'truesize');ti'tle('JPEGZS');
figure(8);clf;imshow(d7,[0 255],'truesize');title('Cropped");
figure(9);clf;imshow(L_rotate,[0 255],'truesize');title('Rotated');
figure(10);clf;imshow(d8,[0 255],'truesize');title('Rotation Corrected');
d=df,

save ‘unprocess' d; %unprocess

d=dz;

save ‘resize' d; %resize

d=d3;

save 'jpeg100' d; %jpeg100%

d=d4;

save 'jpeg75' d; %jepg75%

d=ds;

save 'jpegb0' d; %jepg50%

d=ds6;

save 'jpeg25' d; %jepg25%

d=d7;

save 'croped' d; %croped



d=d8;

save 'rotation' d; %rotatio
d=d9;

save 'lowpass' d; %low pass
d=d10;

save 'mediam' d; %mediam

pause; close all;clear all

5. TsunsumsnsaaLianndineuyuuesUN AL
5.1 NMIMIANYNIRININATNN TN
function [ANG] = find_angle(img)
[R.Cl=size(img);
i=1,
while (img(1,i)==0)
=i+,

end

while (img(i,1)==0)
i=i+1;

end

H=i-1;

O=sqrt((W"2)+(H"2));

if O==0
ANG=0;

else
A=W/O;
ANG=acos(A)*(180/pi);

end
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5.2 MENAUNN, NIHIANUBININANHURASNITAYUNAL
org_img=imread(‘unprocess','bomp");
img= imrotate(org_img,(75),'bilinear','crop");
a=find_angle(img)
new_img= imrotate(img,(-1*(a)),'bilinear','crop");
imwrite(new_img,'back_rotate2.bmp');
colormap(gray(256));
subplot(131), imagesc(org_img);
subplot(132), imagesc(img);

subplot(133), imagesc{new_img);

6. TulsnsuniswanAuanali
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Y%===================DECODER============z========z========%
%VARIABLES:

%blockn: target block from hostr

%blocko: target block from host

%C1/C2/C3/C4: begining counter of position bit raster scan vector of recovered

scrambled watermark

%lout: host image with watermark embedded

Y%picture: hostimage

%indd: random permutation of vector indices

%wcode: recovered scrambled watermark

Y%wmarkr: recovered, descrambled watermark & raster scan vector of recovered,

scrambled watermark

Y%wmarkvr: descrambled watermark vector

close all;clear all;clc;
load endatat;

load endata?z;

load Total;

wmarkr = ones(size(wmark));



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

[e,f] = size(wmark);

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

d=input('Insert embeded image file name ','s");
d=imread(d);

disp('Press wait cpu is runing');

C1=0,C2=0;C8=0;C4=0;

% load jpeg25%load data forimage processing 1-10

for lay = lay:lay
fori = 1:A/64;
forj = 1:B/64;

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

if variance_new > variance

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

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

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

if variance_new > variance

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

forn = (2*-1):2*

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

if variance_new > variance

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

C1=0;C2=0;C3=0;
blockn=d(((8*0-7):8*0),((8*P-7):8*P),lay);
wmarks=black(C4,block,blockn,wmarks);
end

end

else

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

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

end

end

else

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

C1=0;C3=0;C4=0;
blockn=d(((32*k-31):32*k),((32*1-31):32*),lay);
wmarks=black(C2,block,blockn,wmarks);

end

end

end

else

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

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

end

end
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end

end

rand('state',20); %resetting the seed for the random # generator

indd = randperm(Total);

for i = 1:length(indd),wm(indd(i))=wmarks(i);end;wmarks=wm;

cleariindd wm

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);%recovering the random index vector for descrambling
wmarkvr=ones(size(decpm));

for i = 1:length(indd), wmarkvr(indd(i}) = decpm(i);end %inverse scrambling operation
for i=1:e, wmarkr(i,:) = wmarkvr((i-1)*f+1:i*f);end; clear wmarkvr i;

clear name numABef;

picture=uint8(picture);

correlation=corr2(wmark,wmarkr)

subplot(2,2,1);

imshow(picture);title(‘Original Image');

subplot(2,2,2);

imshow(d);title("Embeded Image');

subplot(2,2,3):

imshow(wmark);title(‘Original wmark');

subplot(2,2,4);

imwrite(wmarkr,'kmitl1_crop.bomp');

imshow(wmarkr);title(‘Decoder’);

wmarkr = uint8(255*wmarkr);

clear wmark wmarkr ;

pause; close all;
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ABSTRACT

In this paper, watermarking for still image is
proposed. Image watermarking is performed in spatial
domain that not only easy but also good result. A
watermark image as binary image is embedded onto a
original image by using method that gray levels of pixels
in original image blocks is modified to appropriate a
intensity of block. A variation of watermark image bits in
order to embed the original image block selected affects
to embedded block intensity and also it depends on
original image block intensity. The block size is adapted
as intensity of original image and capacity of watermark
image in order to embed. As method of varying block
size proposed, the effect of block size adaptation is good
and also watermark image is robust to a number types of
degradation. As the proposed method, quality of the
original image is at least affected.

Keywords: Watermarking, Spatial Domain.

1. INTRODUCTION

Nowadays, the copyright-protection of digital data
that is lawlessly duplicated is more important to
verification to owner of data by embedding a number of
symbols. Particularly, for symbols being binary image,
intensity to show owner is greatly interesting. In case of
embedding in spatial domain, the smaller size image, the
lower complicated image is embedded. However, both
spatial and frequency domain are taken into account three
properties, that is, robustness of watermark to disturbance
in a number of patterns, perceptual invisibility, and
capacity. Recently, several watermarking methods are
proposed to trade-off properties as mentioned in both
spatial and frequency domain [1], [2] and [3].

Recently, -image watermarking based on spatial
domain [3] has shown the good result. The cornerstone is
adjusting intensity level of pixel’s brightness level of
block by that let block size of original image, all size of
512x 512 pixels, be constant of 4x4 pixels. Any blocks
is embedded by binary image of one bit, 0 or 1, by when
the binary image is embedded by bit of 1, brightness is
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then increased in the block and in opposite directions,
brightness is decreased when the binary image is
embedded by bit of 0. In procedure of extracting
watermark, comparative method of the watermarked
image to original image is applied to restore the desired
watermark. The disadvantage of the mentioned method is
constant block size assignment, 4 x4 pixels. The block
size is greatly important to robustness property of
watermark. The larger block size, the higher robustness.
In adjusting brightness the total pixels of each block is
adjusted with the same value. [f intensity of block is over,
brightness is then readjusted both increasingly and
decreasingly. In recent method, the extension of block is
only applied even though it is more robust but the
watermarked image is more changed causing blocking
effect certainly. Fig.1 shows the watermarked image from
original image of 512x 512 pixels and gray levels of 256
with the recent method by that image is equally divided
onto a large block of 16x 16 sizes.

Fig.1: Blocking effect from the large extended block.

2. THE PROPOSED METHOD

From the mentioned disadvantage, we propose a way
to improve the watermarking method to better results as
the following steps.

Step 1: Original image with size of 512x 512 pixels
is divided onto several blocks with size of 64x64,
32x32, 16x16 and 8x8 pixels. The quadtree method
was proposed in [4] by using two condition that is the
smallest block size of 8x 8 and appropriate threshold -

G
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level assignment comparing with intensity value of block
from (1), variance, in procedure of quadtree.

3 (-5 ()
P Il (1

n-1

where 4, is intensity value of the k™ block and &

varies from 0 to ,less and equal, a number of pixels of
watermark to embed, x is mean of brightness level of

the block, x,(i) is brightness level of the ith pixel of the

k™ block, and n is a total number of pixels of the k™
block. As mentioned, image is divided either large block
or small block depending on intensity level following as
each of location of original image region. The larger
block, the lower intensity level, and the smaller one, the
more intensity level. The variable block size being
distribution is to have equally approximate robustness of
all block. Fig.2 shows dividing the Lena image onto a
number of blocks based on intensity of 189.

Fig. 2: Several block size from dividing original image.

Step 2: Brightness of pixels in each block is adjusted.
Block size of 4 x4 pixels from the recent method [3] by
that let # be watermark bit is shown in Fig.3. Pixels in
block are first ordered from low to high value. Mean
£ in the block is calculated. g,., g.. are the
minimum and maximum value of one, respectively. m, ,
m, are mean between high and low side block.
Additional understanding sees Fig.3. The procedure to
embed watermark into block with bit as 1 or 0 where g,
is original brightness level and g, is new brightness
after the pixels in the changed block is as following.

Watermark as bit of 0

Zoow = Bain if gy <my,

Enee = Emean il e < 8ota <My

8o = Ba — C, Otherwise.
Watermark as bit of 1

Brew = Emax if g >my,

Enew = Bmean if M, < 8ot < Breer »

&oew = 80 + C, otherwise,
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Fig: 3: Improving brightness level of each pixel in block.

Either high or low value of C, dependents on
intensity of the block which can calculate from (2).

Cy = max(Coias X (Emex = &) (2)

where C

" and a are the appropriately assigned
value in order to change the watermarked image to differ
from the original image in sense of data while preserving
the human visual system as the original one. In case of
the very low intensity value of block, meaning that
brightness level of area is almost equal, for the recent
method as mentioned, brightness level of all pixel in the
block is adjusted with the same value that can be
calculated as step 2. To avoid the mentioned
disadvantage, the blocks that have size larger than that of
8 x 8 pixels are partially divided onto blocks of size of
8 x 8 pixels. Intensity of each of partially divided block is
calculated although the large block is embedded by
watermark bit of either 0 or 1. As the above method, the
intensity of each of large block is differently adjusted,
more or less; it is dependent on intensity of the sub-block.
The more intensity, the more adjustment and in opposite
directions, the less one, the less adjustment. The effect of
above performing to the original image to embed
watermark is to the smallest degradation.

The diagram of overview system is shown in Fig.4,
seeing that additional component is part of alternation of
watermark as linear feedback shift register (LFSR) [5] in
order to increase the hardness for restoring the watermark
from unauthority.

Reconstnsctted
=3 B3

D L T T

mm- ™ huim ™ h-m‘ e anm:u L°| Veterer
o
Wtenmerk Insertion Wistermark Edraction

Fig. 4: Experiment of insertion and extraction
watermark by the proposed method.
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For procedure of extracting watermark, we use the
original image to process the procedure of dividing block
that the same as the embedding procedure to compare
intensity of block for different size with the block of
watermarked image. Let S, and S, be total of all pixel

brightness in comparatively desired block of original
image and in-watermarked i image, respectively. Result of
extracting watermark bit of each one can be calculated as

b=1
b=0

if .. >8,
otherwise

- (3)

3. EXPERIMENTAL RESULTS

In the experiments, the host image is of size
512x 512 pixels with 256 gray levels. The watermark as
character image of size of 46 x 46 pixels is employed to
embed for the proposed method. Following as Fig.4, the
original image is embedded by watermark and the
watermarked image is transmitted via disturbed
environment such as low-pass filter, median filter, JPEG
data compression as several bit rates, scaling and rotating.
Normalized cross correlation (NC) and peak signal to
noise ratio (PSNR.) are used to evaluate the quality or

nearness to original watermark as (4) and (5),
respectively.
ZEP*P, @
zz(p'r

where p, and p, are (i,j)" pixel position of the

original watermark and the extracted one by that
1<(i,/)< 46, respectively.

9851
PSNR = 10log,, 252 (5)
MSE

where MSE is mean square error.

KiITL

KMITL
(b)

Fig. 5: [llustrates the proposed method
(a) Watermarked image (b) Extracted watermark.

2 [KRITE
74 kR
(b)

Fig. 6: Result of Low-pass filtering
(a) Watermarked image (b) Extracted warermark.
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Fig. 7: Result of Median filtering
(a) Watermarked image (b) Extracted wartermark.
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Fig. 8: Result of JPEG 75% compression
(a) Watermarked image (b) Extracted watermartk.

# (KM
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Fig. 9: Result of scaling image
(a) Watermarked image (b) Extracted watermart.

(&)

Fig. 10: Result of rotation image
(a) Watermarked image (b) Extracted watermart,

Fig.5(a) shows the watermarked image with intensity
of 189 to be used to divide block. This intensity is
changed as size of desired watermark to embed. In order
to adjust a number of blocks being more than or equal a
number of data to he embedded, the larger a number of
bits require to embed, the less intensity used to divide
block is. Fig.5(b) shows the extracted watermark from
Fig. 5(a).

Table I: Numerical results of PSNR and NC from Image.

Image Lena | Peppers boat | Baboon
PSNR 32.21 32,32 31.07 27.16
3x3LPF | 09467 | 09344 | 0.9500 | 0.9939
3x3Med | 0.9990 | 1.0000 | 0.9909 | 1.0000
JPEG 75% | 0.9980 | 0.9990 | 0.9990 | 1.0000
Rotating 0.8490 | 0.8142 | 0.8651 | 0.8547
Scaling 0.9447 | 0.9298 | 0.9241 | 0.9939
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To show the robustness of the proposed method
under common image processing operations, we have
processed the watermarked image using the following
operation: low-pass filtering, median filter, JPEG
compression, scaling and rotating. Fig.6(a) shows the
result of applying low-pass filtering to the watermarked
image. The filter is a neighborhood averaging operation
with a mask of 3x3 size. Fig.6(b) shows the extracted
watermark from Fig.6(a). The NC between the extracted
watermark and original one is of 0.9467. Fig.7(a) shows
the result of applying 3x3 neighborhood median
filtering to the watermarked image. The extracted
watermark is shown in Fig.7(b). The NC between the
extracted watermark and original one is of 0.9990. We
can easily verify the existence of the watermak although
there is some distortion in the extracted watermark.

To show the robustness of the proposed method
under lossy JPEG compresion, we first compress the
watermarked image and then extract the watermark from
the compressed image. Fig. 8(a) shows the compressed
image with a quality factor of 75%. The extracted
watermark is shown in Fig.8(b). The NC between the
extracted watermark and original one is of 0.9980.

Fig.9(a) shows the result of applied scaling the
watermarked image reduced to one quarter of its original
size (256x256) and rescaled back to 512x512.The
extracted watermark is shown in Fig. 9(b). The NC
between the extracted watermark and original one is of
0.9447. Fig.10(a) show the result of applying the rotated
watermarked image. It is rotated by 12 degrees to the
right and then rotated back to it is original position. The
extracted watermark is shown in Fig.10(b). The NC
between the extracted watermark and original one is of
0.8490.The experiments with other host image standard.
Numerical results to evaluate PSNR and NC criteria are
shown in Table 1.

4. CONCLUSIONS AND DISCUSSIONS

In this paper, we have discussed embedding the
binary image as watermark into original image in spatial
domain. Taking into account a basis requirement is the
perceptual invisibility, robustness and capacity. The
proposed method requires the smallest capacity because
implementation of small image watermarking is popular
such as company symbol or signature. Method of
embedding watermark is adjusting brightness of block by
dividing the original image onto different size block from
the largest size into the smallest size being of 8 x 8 pixels,
alternatively. The block size depends on intensity of the
area and a number of blocks can be changed as a number
of the desired watermark to embed. Experimental results
show that moreover adjusting block size and increasing
or decreasing brightness take into account sub-area in
block giving better results. However, the cropped
degradation is still a problem for this technique.
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