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Abstract

This thesis was 1o present the investigation of finger prnts by process
used in computer instead cof human. The scope of the study included general
knowledge of finger prinis,types of fingerprints,basic theory to develop finger prints
such as Brightness,Contrast Normalization,Binarization,and the theary of process used in
comparing finger prints by Filter-Bank style. The procedure of studying consisted of the
principle of Reference point location from the center of finger prints, Tesseltation around
reference point which divided into sector,the Normalization,the Filter of finger prints by
using Gabor filter, the calculation on AAD.(Average Absolute Deviation) for collecting the
character of finger prints and the comparison of calculation on Duclidian distacnce style.

The testing was used in EEE standard for studying and developing
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TWla Admin.m

function varargout = Admin({varargin)

gui_Singleton = 1,

gui_State = struct('gui_Name', mfilename, ...
'gui_Singleton', gut Singleton, ...
'gui_OpeningFen’, @Admin_OpeningfFcn, ...
'gui_OutputFcn', @Admin_OutputFen, ...
'gui_tayoutFen', [], ...
'qui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.qui_Callback = str2func(varargin{1});

end

if nargout

[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfcn{gui State, varargin{:});

end

% --- Executes just before Admin is made visible.
function Admin_QOpeningFcn(hObiject, eventdata, handles, varargin)
warning off

clc

global immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix num_disk
n_bands=4,

h_bands=20;

n_arcs=16;

h_radius=12;

h_side=h_radius+(n_bands*h_bands*2)+16;

if mod(h_side,2}==0



h_side=h_side-1,
end
n_sectors=n_bands*n_arcs;
matrix=zeros(h_side);
for ii=1:(h_side*h_side)
matrix{ii}=whichsector{ii);
end

num_disk=8;

titte = imread('kmitl.jpg");

axes(handles.axest)

imshow(title)

axes(handles.axes?)

imshow(title)

axes{handles.axes3)

imshow(title)

% Choose default command line output for Admin

handles.output = hObject;

% Update handles structure

guidata(hObject, handles);

% UIWAIT makes Admin wait for user response (see UIRESUME)

% uiwait(handles.figure1);

% --- Qutputs from this function are returned to the command line.
function varargout = Admin_CutputFen{hObject, eventdata, handles)

varargout{1} = handles.output;

function edit1_Callback{hObject, eventdata, handles)
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function edit1_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColar'),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end

function pushbutton1_Callback{hObiject, eventdata, handles)
[fname,pname] = uigetfile({"* tif','Tif-filas (*.tif}';
* bmp','Bmp-files (*.bmp)";...
' ipg' "JPEG-Files (*.jpg)-...
v CAlfiles (Y
'‘Open Project”;
X1 = imread([pname fname]);
axes(handles.axest)
imshow{x1}
set(handles.edit1,'string'.fname);
handles.x1 = x1;

guidata(hOhbject,handles);

function edit?2_Callback(hObject, eventdata, handles)

function edit?_CreateFcn{hObject, eventdata, handles)

ifispc && isequal{get(hObject, BackgroundColor'),

get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white'};

end

% --- Executes an button press in pushbutton?.

68



function pushbutton2_Callback{hObject, eventdata, handles)

[fname,pname] = uigetfile({"* tif', Tif-files (*.tif}';
* bmp','Bmp-files (*.bmp)';...
"*jpg','JPEG-Files (*.jpg)';...
wxCAll-files (M)
'Open Project’};

x2 = imread([pname,fname]);

axes{handles.axes?2)

imshow{x2)

setthandles.edit?,'string’,iname);

handles . x2 = x2,

guidata(hObject,handles};

function edit3_Callback(hObject, eventdata, handles)

function edit3_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor’),

get(0, 'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white');

end

% --- Executes on button press in pushbutton3.
function pushbutton3_Callback(hObject, eventdata, handles)
[frname,pname] = uigetfile({".tif', Tif-files (* tif)";

* bmp''Bmp-files (*.omp)";...

*ipg' JPEG-Files (*.jpg)';...

> CAlHfiles (7))

'‘Open Project’);

x3 = imread([pname fname]};
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axes(nandles.axes3d)

imshow{x3)
set(handles.edit3,'string' fname);
handles.x3 = x3;

guidata(hObject,handles);

% --- Executes on button press in pushbutton4.

function pushbuttond_Caliback{hObject, eventdata, nandles)

img = handles.x1,

n_bands=4;

h_bands=20;

n_arcs=16;

h_radius=12,

h_side=h_radius+{n_bands*h bands*2)+16;

if mod(h_side,2)==0
h_side=h_side-1,

end

n sectors=n_bands*n_arcs;

matrix=zercs{h_side);

for ii=1:(h_side*h_side)
matrix(ii) =whichsector(ii);

end

num_disk=8;

immagine=double(img);

if isa{img, uint8')

graylevmax=2"8-1;

end

if isalimg,'uint16")

L ke I TIFN I S it Y

70



71

graylevimax=2"16-1;
end
if isa(img,'uint32")
graylevmax=2"32-1,
end

fingerprint = immagine;

N=h_side;

[(BinarizedPrint, XofCenter,YofCenter]=centralizing(fingerprint,0};
[CroppedPrint]=cropping(XofCenter, YofCenter,fingerprint);

[NormalizedPrint,vector]=sector_norm{(CroppedPrint,0};

for (angle=0:1:num_disk-1)
gabor=gabor2d _sub{angle,num_disk});
ComponentPrint=conv2fftiNormalizedPrint,gabor,'same’);
[disk,vector]=sector_norm{ComponentPrint,1);
finger_code1{angle+1}=vector(1:n_sectors);

end

img=imrotate(img,180/(num_disk*2));

fingerprint=double(img);

[BinarizedPrint, XofCenter, YofCenter]=centralizing{fingerprint,0);
[CroppedPrint]=cropping{XofCenter,YofCenter fingerprint);

[NormalizedPrint,vector]=sector_norm(CroppedPrint,0);

for (angle=0:1:num_disk-1)



gabor=gabor2d_sub(angle,num_disk);

ComponentPrint=conv2fft{NormalizedPrint,gabor,'same');

[disk,vector]=sector_norm(ComponentPrint,1);
finger_code2{angle+1}=vector{1:n_sectors);

end

% FingerCode added to database

if (exist{'fp_database.dat')==2)
load('fp_database.dat',-mat');
fp_number=fp_number+1;
data{fp_number,1}=finger_cecde1;
data{fp_number,2}=finger_code?;
name = get(handles.edit4,'String');
data{fp_number,3}=name;
save('fp_database.dat','data’,'fp_number',-append')

else
fo_number=1;
data{fp_number, 1}=finger_code1;
data{fp_number,2}=finger_code?;
name = get(handles.edit4,'String’);
data{fp_number,3}=name;
save('fp_database.dat','data’, 'fp_number')

end

img = handles.x2,

n_bands=4;
h_bands=20;
n_arcs=16;
h_radius=12,

h_side=h_radius+(n_bands*h_bands*2}+186;
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if med{h_side,2)==0
h_side=h_side-1;

end

n_sectors=n_bands*n_arcs;

matrix=zeros(h_side);

for ii=1:(h_side*h_side)
matrix{ii)=whichsector(ii);

end

num_disk=8;

immagine=double{img);

if isa{img,'uint8")
graylevmax=2"8-1;

end

if isa(img,'uint16")
graylevmax=2"16-1:

end

if isa(img,'uint32")
graylevmax=2"32-1;

end

fingerprint = immagine;

N=h_side;

[Binarized Print,XafCenter, YofCenterl=centralizing(fingerprint,0)
[CroppedPrint]=cropping (XofCenter, YofCenter fingerprint);

[NormaIizedPrint,vector]:sector_nOfm(Cropped Print,0)

for {angle=0:1:num_disk-1)

1
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gabor=gabor2d_suo(angle,num _disk};
ComponentPrint=conv2fft{iNormalizedPrint,gabor,'same');
[disk,vector]=sector_norm{ComponentPrint,1);
finger_code1{angle+1}=vector{1:n_sectors);

end

img=imrotate(img,180/(num_disk*2)};

fingerprint=double(img);

[BinarizedPrint, XofCenter YofCenter}=centralizing(fingerprint,0);
[CroppedPrint]=cropping(XofCenter,YofCenter fingerprint);

[NormalizedPrint,vector]=sector_norm{CroppedPrint,0},

for (angle=0:1:num_disk-1)
gabor=gabor2d_sub{angle,num_disk};
ComponentPrint=conv2fft{NormalizedPrint,gabor,'same');
[disk,vector]=sector_norm(ComponentPrint,1};
finger_code2{angle+1}=vector(1:n_sectors);

end

% FingerCode added to database

if (exist{'fp_dalabase.dat')==2)
load('fp_database.dat',-mat'};
fo_number=fp_number+1;
data{fp_number, 1}=finger_code1;
data{fp_number,2}=finger_code?;
name = get(handles.edit4,'String");
data{fp_number,3}=name,

save{'fp_database.dat','data’,'fp_number',-append')



else
fp_number=1;
data{fp_number,1}=finger_code1;
data{fp_number,2}=finger_code?2;
name = get(handles.edit4,'String');
data{fp_number,3}=name;
save('fp_database.dat','data’,'fp_number')

end

img = handles.x3,

n_bands=4,

h_bands=20;

n_arcs=16;

h_radius=12;

h_side=h_radius+(n_bands*h_bands*2}+16;

if mod{h_side,2)==0
h_side=h_side-1;

end

n_sectors=n_bands*n_arcs;

matrix=zeros(h_side);

for ii=1:(h_side*h_side}
matrix{ii}=whichsector{ii):

end

num_disk=8;

immagine=double{img);

if isa(img,'uint8')

graylevmax=2"8-1;

end
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if isalimg,'uint16"}
graylevmax=2"16-1,

end

if isa{img,'uint32")
graylevmax=2"32-1;

end

fingerprint = immagine,

N=h_side;

[BinarizedPrint, XofCenter, YofCenter]=centralizing{fingerprint,0);
[CroppedPrint}=cropping{XofCenter,YofCenter fingerprint);

[NormalizedPrint,vector]=sector_norm{CroppedPrint,0);

for (angle=0:1:num_disk-1)
gabor=gabor2d_sub(angle,num_disk};
ComponentPrint=canv2fft{NormalizedPrint,gabor,'same');
[disk,vector]=sector_norm{ComponentPrint, 1};
finger_codel1{angle+1}=vector(1:n_sectors);

end

img=imrotate(img,180/(num_disk*2));

fingerprint=double(img);

[BinarizedPrint, XofCenter, YofCenter]=centralizing(fingerprint,0);
[CroppedPrint]=cropping(XofCenter,YofCenter fingerprint);

[NormalizedPrint,vector]=sector_ncrm{CroppedPrint,0);
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for (angle=0:1:num_disk-1)}
gabor=gabor2d_subx{angle,num_disk);
ComponentPrint=conv2ift{NormalizedPrint,gabor,'same');
[disk,vector]=sector_norm{ComponentPrint,1);
finger_code2{angle+1}=vector(1:n_sectors);

end

% FingerCode added to database

if (exist('fp_database.dat')==2)
load('fp_database.dat','-mat');
fo_number=fp_number+1;
data{fp_number,1}=finger_code1;
data{fp_number,2}=finger_code?2;
name = get(handles.edit4,'String");
data{fp_number,3}=name;
save('fp_database.dat’,'data’,'fp_number','-append’)

else
fp_number=1;
data{fp_number,1}=finger_code1;
data{fp_number,2}=finger_code?2;
name = getlhandles.editd,"String');
data{fp_number,3}=name;
save('fp_database.dat','data’,'fp_number')

end

message='Save Database Sucessfull’;

msgbox{message);

function edit4_Callback(hObject, eventdata, handles)

function edit4_CreateFcn{hCbject, eventdata, handles)
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if ispc && isequal(get(hObject,'BackgroundCalor'),
get(0,'defaultUicontrolBackgroundColor’))
sel(hObiject,'BackgroundColor’,'white");

end

% --- Executes on button press in pushbuttonb.

function pushbutton5_Caliback(hObject, eventdata, handles)

delete('fp_database.dat’);
message='Delete Database Sucessfull',

msgbox(message};
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1| centralizing.m

function {Outputprint, XofCenter, YofCenter] = centralizing(fingerprint,ctri)

global immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrice

x=[-16:1:16];
y=[-16:1:16];
dimx=size(x,?):

dimy=size(y,2),

variance=sgrnt(55);
order=1;
gamma=2;
fitter_core=zeros(dimx,dimyy);
filter_delta=zeros(dimx,dimy);
for ii=1:dimx
for jj=1:dimy
exponent=exp(-(x(ii)* 2+y(j}) " 2)/(2*variance™ 2));
% filter core
factor=x{ii) +i*y{j);
filter_core(ii jj)=exponent*factor “ order;
% filter delta
factor=x(ii)-i*y{jj);
filter_delta(ii jj)=exponent*factor~order;
end

end

—— R

% (Gaussian Low Pass Filter -----—----

% mommmmmnmmnmenn e
x=[-16:1:16];



y=[-16:1:16]:
dimx=size(x,2);
dimy=size{y,2);
variance=sqrt(1.2);
filter=zeros{dimx,dimy);
for ii="1:dimx
for jj=1:dimy
exponent=exp(-(x(ii)~ 2+y{jj) ~2)/(2*variance” 2));
filter(ii jj)=exponent;
end
end

%

%

% normalization

filter=filter/sum{sum(filter)),

img=fingerprint;

img=double(img);

[ax,ay]=gradient(img);
num={gx+i*gy).”2;
den=abs((gx+i*gy)."2);
pos=find{den);
num(pos)=num(pos)./den(pecs},
z=zeros(size(img,1).size(img,2));
z{pos)=num{pos);
pos=find{den==0);

z(pos)=1,
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0

96***********************t*****t****

angle=0;

bxv=8;

byv=8;

bxc=64,

byc=64;
threshold_var=20;
dimseclose=10;
dimseerode=44;
maxcore=200;

[dimx,dimy]=size(fingerprint};

%
%

%

temp=z;
[temp,dimxt,dimyt]=mirror{temp);
z_f=conv2fft{temp filter_core,'same');
z_f=recrop(z_f,dimxt,dimyt},
z_f=abs(z_f);

%

%

% resize

imgd=double(fingerprint);
dimxr=dimx-mod{dimx,bxv};
dimyr=dimy-mod(dimy,byv);

imgr=imgd(1:dimxr,1:dimyr);

Ofpmmme

nbx=dimxr/bxv;



nby=dimyr/byv;
mat_var=zeros{dimxr,dimyr);
for ii=1:nbx
for jjI=1:nby
blocco=imgr{(ii-1)*bxv+1:ii*bxv,{jj-1)*byv+1:jj*byv);
media=sum(sum{blocco))/{bxv*byv);
variance=1/(bxv*byv)*sum(sum(abs{media. " 2-blocco.” 2)));
mat_var((ii-1)*bxv+1:ii*bxv (ji-1)*byv+1:j*byv)=sqrt(variance);
end
end
mat_ok=zeros{dimxr,dimyr);
pos=find{mat_var>threshold_var);
mat_ok{pos)=1;

mat_ok{dimx,dimy)=0;

mat_ok=imclose{mat_ok,ones(dimseclose));

mat_ok=imerode(mat_ok,ones{dimseerode));

% R -

% -

dimxr=dimx-mod(dimx,bxc});
dimyr=dimy-mod(dimy,byc};
imgr=imgd(1:dimxr, 1:dimyr);

matrix_final=z_f *mat_ok;

[massimo_veltore posizione_vettore]=max(matrix_final};
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[massimo,posizionel=max{massimo_vettore);

y_Max=posizione;

X_Mmax=posizione_vettore(pasizione);

XofCenter=y_max;
YoifCenter=x_max;

Outputprint=zeros{50);
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1?‘@’ convZfft.m

function [out] = conv2fft(z1,22,shape,shape?)

%

%

if ((nargin==3}&&(isa(shape,'char'}})
if strcemp(shape,’'same')
Z1x=size(z1,1);
zly=size{z1,2};
zZ2x=size(z2,1);

z2y=size(z2,2);

if any(any{imag(z1)))llany{any(imag{z2)))
out=(ifft2(fft2(z1,z 1x+z2x-1 21y+z2y-1) *ft2(z2 z1x+22x-1,z 1y+z2y-1)));

else

out=real(ifft2(fft2(z1,z 1x+z2x-1,z 1y+z2y-1) *ft2(z2,z1x+22x-1, 2 1y+72y-1)));

end

px=((z2x-1)+mod((z2x-1),2})/2;
py=({z2y-1)+mod((z2y-1),2))/2;

out=out(px+1:px+z1x,py+1.py+z1y);
return;

end

if strempishape,'full’)
Zlx=size(z1.1);
Zly=size{z1,2);

Z22x=3size(z2,1);
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z2y=size(z2,2);

if any(any(imag(z1)))llany(any(imag(z2}))
out=(ifft2(fft2(z1,z 1x+z2x-1,2 ty+z2y-1) *fft2(z2,z1x+22x-1,21y+z2y-1 m;

else

out=real(ifft2(fft2(z1,z1x+22x-1,z1y+z2y-1).*{t2(22, z1x+22x-1,21y+z2y-1)));

end

return;

end

if strcmp(shape,'valid')
z1x=size{z1,1};
z1y=size(z1,2);
z2x=size(22,1),
z2y=size(z2,2);
if ((z1x<z2x)|[(z1y<z2y))
out=[J;
return;
else
end
if any(any(imag(z1)))llany(any(imag(z2)))
out=(fft2(fft2(z1,z1x+z2x-1,z21y+22y-1).*fft2(z2, 21x+22x-1,21y+22y-1}));
else
out=real(ifft2(fit2(z1,z1x+22x-1,2 1y+z2y-1) . *ft2(22,z1x+22x-1,z 1y +22y-1)));

end

pX=22X;

py=z2y,

OUt=oUL(PX: pX+2 1%-22%,py: Dy +21y-22Y);
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return;
end

end

%
%

if {(nargin==2)
Z1x=size{z1,1);
ziy=size(z1,2);
z2x=size(z2,1);

Z2y=size(z2,2),

if any{any(imag(z1)))|lany{any(imag(z2)))

out=(ifft2(ft2{z1,21x+z2x-1,z 1y +z2y- 1) ft2(z2 z1x+2z2x-1,21y+z2y-1)));
else

out=real(ifft2(fft2(z1,z1x+z2x-1,2 1y+z2y-1) *ft2(z2 21 x+22x-1,21y+22y-1})),

end

return;

end

o

A p—
"]

~

0
/

=

(=]

if {isa(shape,'double"))

if {(nargin==3)
a=shape,
c=z1;

r=z2;

ax,ay]|=size(a);



[rx,ry]=size(r),

[ex,cy]=size(c);

if size(convfft{a{1,:),r),1)==
forii=1:ax
y2(ii,;)=convfft(a(ii,.).r);
end
else
for ii=1:ax
y2(ii,.)=convfft(a(ii,:).r)";
end

end

[y2x.y2yl=size(y2),
if size{convfft(y2(:,1),c),1)==
for ii=1:y2y

y3(:,i)=convfft{y2(.ii),c)";

end
else

forii=1:y2y

y3(., i} =convfft{y2(: ii),c);

end

end

out=y3;
return;
end

%

if (nargin==4)

a=shape;

87



c=z1;

r=z2,

[ax,ay]=size(a);
[rx,ryj=size(r);

[ox,cy]=size(c);

if cx==
dimx=cy;

else
dimx=cx;

end

if rx==1
dimy=ry;

else
dimy=rx;

end

if size(convfit(a(t,:),r),1)==

for ii=1.ax

y2(ii,.}=convfft(a(ii,:).r);

end
else

for ii=1:ax

y2(ii,.)=convfft(a(ii,:}.r)"

end

end

[y2x.y2yl=size(y2),
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if size(convfft(y2({:,1),c}),1)==1
for ii=1:y2y
y3(:,ii)=convfft(y2(.i),c)",
end
else
for ii=1:y2y
y3(.i=convit(y2(.,i),c);
end

end

out=y3;

[outx,outy]=size(out);

%

if stremp(shape2,'full’)
return;
end

% &

if stremp(shape?2,'valid')

Ix=ax-dimx+1;

ty=ay-dimy+1;

if (dimx>out))||(dimy=outy)|[(dimx+Ix-1>outx)f|{dimy+ly-1>outy)
out=[J;
return;

else
out=out{dimx:dimx+ix-1,dimy:dimy+ly-1);
return;

end

end
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if stremp({shape2,'same’)
Ix=ax,
ly=ay;
px=({dimx-1)+mod((dimx-1),2)}/2;
py={(dimy-1)+mod((dimy-1},2))/2;

out=out(px+1:px+tax,py+1:py+ay),
return,

end

% o
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W@ Cropping.m
function [CroppedPrint] = cropping(XofCenter, YofCenter,CentralizedPrint)

global immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix

N = h_side;

M=size{CentralizedPrint,1);

imgN=size{CentralizedPrint,1);

imgM=size(CentralizedPrint,2);

if (YofCenter-floor(N/2)<1)l{(YofCenter+floor(N/2)>imgN)i|(XofCenter-
floor(N/2)<1)||(XofCenter+floor(N/2)=>imgM)

temp=zeros{imgN+2*h_side imgM+2*h_side);

temp{h_side+1:h_side+imgN,h_side+1:h_side+imgM)=CentralizedPrint;

CroppedPrint=temp(YofCenter-
floor(N/2)+h_side:YofCenter+floor{N/2)+h_side, XotCenter-
floor(N/2)+h_side:XofCenter+floor(N/2)+h_side);

return;
else

CroppedPrint=Centralized Print(YofCenter-floor{N/2):YoiCenter+floor{N/2), XofCenter-
floor{N/2):XofCenter+floor{N/2});

return;

end



WA gabor2d_sub.m
function [gaborp“2d]rgabor2dﬂsub(angie,num_disk)

globai immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix

variance=32;

k=10;

x=cos({angle*pi/num_disk};
y=sin{angle*pi/num_disk),

w=(2*piKk;

p=0;
m=0;

for {(i=-16:1:16}

p=p+1;
sinp(p)=i*y,
cosp(p)=i*x;

for (j=-16:1:16)

m=m+1;

p=0;
for (j=1:1:33)
far (i=1:1:33)
p=p+1;
xx{p)=sinp(i)+cosp(j);

yy{p)=cosp(i}-sing());



gaborp(p)=1*exp{-((xx(p)*xx

gaborp_2d(i,j)=gaborp(p);
end

end

(p))+(yy(o)*yy(p))ivariance) cosiw*xx(p));
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W& mirror.m

function {out,dimxt,dimyt]=mirror{in)

{dimxt,dimyt]=size(in);

in_memo=in;

extx=20;

exty=20;

out=zeros(dimxt+2*extx, dimyt+2*exty);

out{extx+1:extx+dimxt,exty+1 -extytdimyt)=in_memo;

for ii=1:extx
out{extx-ii+1,:)=out(extx+ii,:};
out{extx+dimxt+ii, ) =out{extx+dimxt-iit1,:);

end

for ii=1.exty
out(:,exty-ii+1)=out(: exty+ii);
out(:,exty+dimyt+ii)=out(:,exty+dimyt-ii+1);

end
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Twa recrop.m

function [out]=recrop(in,dimxt,dimyt}

extx=20;

exty=20;

out=in{extx+1:extx+dimxt,exty+1:exty+dimyt};
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96

ola sector norm.m
function [disk,vector] = sector_norm( image , mode )

global immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix

% N=175 9u10184n19 crop LuudaeAn@a(175 x 175)
N=h_side:
% U9 sector

M=n_sectors+2;

size_m=N*N;

mean_s=zeros(M,1);
varn_s=zeros(M,1);
num_s=zeros(M,1});
image1=zeros(h_side);
Mo=100;

Vo=100;

AN, W W SN Y . | 4 F 7
/Q

% - MODEO --
if mode==0
for (i=1:1:size_m)
tmp=matrix{i);

tmp=tmp+1;

mean_s{tmp)= mean_s(tmp)+image(i);

num_s{tmp)=num_s{tmp)+1;

and
for {i=1:1:M)

mean_s(i)=mean_s{i}/num_s(i):



end
for (i=1:1:size_m)
tmp=matrix(i);

tmp=tmp+1;

varn_s(tmp)= varn_s{tmp) + {(image(i)- mean_s{tmp))"2;

end
for (i=1:1:M}
varn_s(i)= varn_s{) / num_s({i);
end
for { i=1:1:size_m)
tmp=matrix(i);
tmp=tmp+1;
if (abs(varn_s(tmp})>1)
if ({image(i) - mean_s(tmp))<0}
image1({i)=Mo - (Vosvarn_s{tmp)*{{image(i) - mean_s{tmp))~2))0.5;
else
image1(i)=Mo + (Vo/varn_s({tmp)*({image(i) - mean_s{tmp))”2}}"0.5;
end
else
image1(i)=Mo;
end
end
disk=image1;
vector=varn_s;
end

S -

——— - MODE 1 ~--eeme- -

if mode==

for (i=1:1:size_m)



tmp=matrix(i);

tmp=tmp+1;

mean_s{tmp)= mean_s{tmp)+image(i);

num_s{tmp)=num_s(tmp}+1;

end
for (i=1:1:M)
mean_s{i)=mean_s(i)/num_s{i};
end
for (i=1:1:size_m)
tmp=matrix{i);

tmp=tmp+1;

varn_s(tmp)}= varn_s(tmp) + (image(i)- mean_s{tmp})"2;

end

far {i=1:1:M)
varn_s(i)= varn_s(i} / num_s{i);

end

for {(i=1:1:size_m)
trp=matrix(i);
tmp=tmp+1;
image1(i)=varn_s(tmp);

end

vettore=zeros(M,1};

for {i=1:1:size_m)
tmp=matrix{i};

tmp=tmp+1;

vettore(tmp)= vettore(tmp) + abs(image(i)- mean_s{tmp));

98



end

for (i=1:1:M)
vettore(i)=vettora(i)/num_s(i):

end

disk=image1;

vector=vettore;

end
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1vla User_application.m

function varargout = User_application(varargin}

gui_Singleton = 1;

gui_State = struct{’gui_Name", mfilename, ...
'gui_Singleten’, gui_Singletan, ...
"‘gui_OpeningFen', @User_appiication_OpeningFcn, ...
‘gqui_QutputFen', @User_application_QutputFen, ...
'gui_tayoutFen', ], ...
'gui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});

end

if nargout

[varargout{1:nargout}] = gui_mainfcn{gui_State, varargin{:}};
else

gui_mainfcn{gui_State, varargin{:});

end

function User_application_OpeningFcnihObject, eventdata, handles, varargin)
warning off
cle
global immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix num_disk
n_bands=4;
h_bands=20;
n_arcs=16;
h_radius=12;
h_side=h_radius+(n_bands*h_bands*2}+16;
if modth_side,2)==0
h_side=h_side-1;

end
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n_sectors=n_bands*n_arcs;

matrix=zeros{h_side};

for ii=1:(h_side*h_side)
matrix(ii)=whichsector(ii};

end

num_disk=8;

title = imreaa{'kmitl.jpg');
imshow(title)
% Choose default command line output for User_application

handles.output = hOhject;

% Update handles structure

guidata(hObject, handles);

function varargout = User application_QutputFcn(hObject, eventdata, handles)

varargout{1} = handles.output;

function pushbutton1_Callback(hObject, eventdata, handles)

[frame, pname] = uigetfile({'* tif, Ti-files (*.tif)";
* bmp','Bmp-files (*.bmp)";...
*jpg',JPEG-Files (*.jpg)';.-
o Alfiles (54)')

'Open Project’);

X = imread{[pname,fname]);

imshow(x)

set{handles.text1,'string',fname});

handles.x = x;

guidata(hObject,handles);



function pushbutton2_Callback(hQbject, eventdata

img = handles.x;

n_bands=4,

h_bands=20;

n_arcs=16;

h_radius=12;

h_side=h_radius+{n_bands*h_bands*2)+16;

if mod(b_side,2)==0
h_side=h_side-1;

end

n_sectors=n_bands*n_arcs;

matrix=zeros{h_side);

for ii=1:(h_side*h_side)
matrix(ii)=whichsector(ii);

end

num_disk=8;

immagine=double(img);

if isa(img,'uint8')
graylevmax=2"8-1;

end

if isa(img,'uint16'}
graylevmax=2"16-1;

end

if isa(img,'uint32"})
graylevmax=2"32-1,

end

, handles)
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fingerprint = immagine;

N=h_side;

[BinarizedPrint,XofCenter, YofCenter]=centralizing(fingerprint,0);
[CroppedPrint]=cropping(XofCenter,YofCenter fingerprint);

[NormalizedPrint,vector]=sector_norm{CroppedPrint,0);

vettore _in=zeros(num_disk*n_sectors,1};

for {angle=0:1:num_disk-1)
gabor=gabor2d_sub(angle,num_disk);
ComponentPrint=conv2fft(NormalizedPrint,gabor,'same’);
{disk,vector]=sector_norm{ComponentPrint,1);
finger_code{angle+1}=vector(1:n_sectors);
vettore_in(angle*n_sectors+1:{angle+1)*n_sectors)=finger_code{angle+1},

end

% Checking with DataBase
if (exist('fp_database.dat'}==2)

load('fp_database.dat','-mat’);

vettore_a=zeros{num_disk*n_sectors,1);
vettore_b=zeros(num_disk*n_sectors,1);
best_matching=zeros{fp_number,1);

valori_rotazione=zeros(n_arcs,1};

% start checking -------—-r=m-rrmommm oo -
for scanning=1:fp_number
fcodel=datal{scanning,1};
fcode2=data{scanning,2};
for rotazione=0:{n_arcs-1)

p1=fcodeT;



p2=fcode?,
for conta_disco=1:num_disk
disco1=p1{conta_disco};
disco2=p2{conta_disco};
for old_pos=1:n_arcs
new_pos=mod(old_pos-trotazione,n_arcs);
if new_pos==0
new_pos=n_arcs;
end

for conla_bande=0:1:{n_bands-1)

discotr(new_pos+conta_bande*n_arcs)=disco’{cld_pos+conta_bande*n_arcs);

disc02r(new_pos+conta_bande*nuarcs):disco2(old_pos+conta_bande*n_arcs);
end
end
p1{conta_disco}=discolr,
p2{conta_disca}=disco2r;

end

for ald_disk="1;num_disk
new_disk=mod{cld_disk+rotazione,num_disk};
if new_disk==0
new_disk=num_disk;
end
pos=ald_disk-1;
vettore_a(pos*n_sectors+1:(pos+1)*n_sectors)=p1{new_disk};
vettore_b{pos*n_sectors+1:(pos+1)*n_sectors)=p2{new_disk};
end
d1=norm{vettore_a-vettore_in};

d2=norm{vettore_b-vettore_in);
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if di<d?
val_minimo=d1;
else
val_minimo=dZ2;
end
valori_rotazione(rotazione+1)=val_minimo;
end
[minimo,posizione_minimo]=min{valori_rotazione);
best_matching(scanning)=minimao;
end
[distanza_minima,posizione_minimoj=min(best_matching);
if(distanza_minima < 300)
set(handles.edit1,'string", num2str{posizicna_minimo)};
set(handles.edit?,'string' . data(posizione_minimo,3));
elseif(distanza_minima > 300)&&(distanza_minima < 400Q)
pos = ceil(posizione_minimo/3);
dis1 = best_matching(pos*3+1);
dis2 = best_matching{pos*3+2),
dis3 = best_matching{pos*3+3);
if(dis1 > 550)&&(dis2 > 550)(dis3 > 550)
set(handles.edit1,'string’,"Not Found');
set(handles.edit2,'string’,'Not Found');
eise
set(handles.edit1,'string’,num2str(posizione_minimo));
set(handles.edit2,'string' data(posizione_minimo,3));
end
else
set(handles.edit1,'string','Not Found');
set(handles.edit?,'string','Not Found');
end

else
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message='DataBase is empty. No check is possible.;

set(handles.edit1,'string’,massage);

end

function edit1_Callback{hObject, eventdata, handles})

function edit1_CreateFcn(hObject, eventdata, handles)

if ispc && isequal{get{hObject,'BackgroundCalor'),

get(0,'defaultUicontrolBackgroundColor'))

set(hObject,'BackgroundCaler','white');

end

function edit2_Callback(hObject, eventdata, handles)

function edit2_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'),

get(0,'defaultUicontrolBackgroundColor'))

set(hObject,'BackgroundCoalor','white');

end
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W& whichsector.m
function [sector_num] = whichsector(index)
% index rfJuﬁa%mmﬁmLmaﬁqﬂ@fiﬂ’uﬁagluﬁuﬁﬁﬁqnw crop
% W19 crop Aot block 175 x 175 A1NqaAuENa
% sector_num lusns11a9984 sector

g

dl dl o i/ :‘/ 1
% e li§dAnaiiudnundueglu sector T

@

globai immagine n_bands h_bands n_arcs h_radius h_side n_sectors matrix

length = h_side;
x = rem( index , length );

y = floor(index / tength);

x = x - floor(length / 2);
y =y - floor{length /7 2);

rad = (x"x} + (y*y);

if rad < (h_radius*h_radius) % Frdinaluge = 12 (144=12*12)
sector_num = {n_sectors-1}+1;
sector_num;
return

end

if rad »= (h_bands*n_bands+h_radius)"2 % ?ﬂﬁ‘lqu’ﬂﬂqm = 72{5184=72*72)
sector_num = {n_sectors-1)+2;
sector_num;
return

end

ifx~=0

theta = atan{y /x }J;



else
ify >0
theta = pi/2;
else
theta = -pi/2;
end

end

ifx<0
theta = theta + pi;
else
if theta < 0
theta = theta + 2*pi;
end

end

if theta < Q

theta = theta + 2*pi;

end

r = floor(rad ~ 0.5);

ring = floor{({ r-h_radius )/h_bands);

arc = floor{theta /(2*pi/n_ares));

sector_num = ring * n_arcs + arg,
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