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Abstract

In this thesis, basic concepts and related theories of fingerprint identification and
verification are studied. The main objective is that the interested fingerprint can be compared
and identified with the available fingerprints’ data in the database.

The fingerprint identification procedure has been conducted as in the following steps.
The fingerprint will be firstly scanned by fingerprint scanner. Necessary digital image
processing algorithms are applied to the fingerprint image to classify its type and detect its set of
important minutiae, which is the identity of each human individual. Then, the information will
be compared with the available fingerprints’ data in the databasc and the outcome of the
verification is reported. The identification results show that the developed software can compare

which fingerprint belongs to whom but still with some error .
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X{(p)=crossmum = sum((1- p).* pp)
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function mark=autosave {image)
im=proc{image);

iml=zs {im) ;

im2=rbranch(iml);

im3=bridge2 {(im2};
[blk,cen]l=direction{im3, 16} ;
co=coreZ {im3,blk, cen);

promptl = {'Are you sure to use this picture :'j};
dlg titlel = 'Y/N';
num linesl = 1;

defl = {'Y/N'};
gg = inputdlig{promptl,dlg titlel,num linesl,defl);
ss=char {(gg) ;
if sg=='Y’
mark=minutia (im3);
[bab,point]=realp? (mark, co, im3};
prompt2 = {'Enter name:'};
dlg title2 = 'Profile';
num lines2 = 1;
def2 = {'Name'};
answer = inputdlg(prompt2,dlg title2,num lines2,def2);
name=char (answer) ;
load num
num={num; 1]}:;
pp=length (num} ;
save ‘num.mat' num
s=['f' num2str(pp)l:
sa=char(s) ;
save {sa, 'bab', 'point', 'name')
else
'Try again'
end;
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function count=autofind{image)
im=proc (image);
iml=zs (im) ;
imZ2=rbranch{iml};
im3=bridge2 (im2} ;
[blk,cenl=direction{im3,16);
co=core2 {(im3,blk, cen);
mark=minutia{im3):
[babl,pointll=realp{mark,co);
load num
pp=length (num) ;
for i=l:pp
s={'f’ num2str (pp)]
load(s)
count=match2 (babl,pointl, bab,point};
if count>8
name
end;
end;
if count<=8
'Not found®
end;
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function out=proc(F)
F2=F(40:350,70:290);

F2=medfiltZ (F2};

iw,hl=size(F2);

f=fspecial {'gaussian', [w,h}l,0.9);
xf=filter2 (f,F2);
xc=xf/max (max (xf));

N=zeros (300,220);
for i=1:10:310
a=i+9;
for j=1:10:220
b=3+9;
x=xc(i:a,j:bl;
x1=histeq(x};
g=graythresh(xl):
p=im2bw(xl, g);
N{i:a,j:b)=p;
end;
end;
cut=N;

56



Ylsunssrinainlving

function out=zs (im)
luteven=makelut('zseven', 3);
Iutodd=makelut ('zsodd', 3);
done=0;
N=Z;
last=im;
previous=applylut{last, lutodd);
current=applylut (previous, lutevenj;
while done==0,
if all{current{:)==last{:)),
done=1;
end;
N=N+1;
last=previous;
previous=current;
if mod(N,2)==0,
current=applylut (current, luteven);
else
current=applylut (current, lutodd) ;
end;
end;
cut=current;

function out=zsodd (nbhd) ;
s=sum{nbhd{:})-nbhd(5) :
templ={2<=s5) & (5<=6) ;
p=[nbhd (1) nbhd(4) nbhd(7) nbhd{(8) nbhd(9) nbhd(6) nbhd(3) nbhd{2;i;
pp=[p(2:8) p(l)]1;
xp=sum( (1-p).*pp);
temp2={(xp==1) ;
prodl=nbhd (4) *nbhd (8) *nbhd (6) ;
prod2=nbhd (8) *nbhd (6} *nbhd (2} ;
temp3=(prodl==0) & (prod2==0) ;
if templé&temp2&temp3&nbhd(5)==
out=0;
else
out=nbhd (5) ;
end;

function out=zseven (nbhd);
s=sum(nbhd(:} ) -nbhd (5} ;
templ=(2<=s) & (s<=6) ;
p=[nbhd{1l) nbhd({4) nbhd(7) nbhd(8) nbhd{9) nbhd{6) nbhd(3) nbhd(2}1;
pp=[p(2:8) p(l)];
Xp=sum( (1-p) .*pp);
temp2=(xp==1) ;
prodl=nbhd(4)*nbhd (8) *nbhd (2) ;
prod2=nbhd (4) *nbhd (6) *nbhd {2) ;
temp3=(prodl==0) & (prod2==0) ;
if templ&temp2&temp3&nbhd(5)==
out=0;
else
out=nbhd (5) ;
end;
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function cut=rbranch{image)
[w,h]l=size(image) ;
wl=floor (w/3)*3-2;
hi=floor{(h/3)*3-2;
imagel=zeros (w,h);

for i=1:wl

a=i+2;

for j=1:hl
b=3+2;
z=zeros (3,3):
z=image({i:a, j:b};
s=sum{sum(z)) ;
if (z(l)y==1) & (z(5)==1l} & (s==2}

imagel=rbl(i,a, j,b,image,imagel);
elseif (z(2)==1) & (z(5)==1) & {s==2)

imagel=rb2(i,a, j,b,image,imagel};
elseif (z{(3)==1) & (z(5)==1) & (s==2

imagel=rb3(i,a,j,b,image,imagel) ;
elseif (z(4)==1) & (z(5)==1) & (s==2)

imagel=rb4 (i, a,j,b,image, imagel);
elseif (z(6)==1) & (z(5)==1) & (s==2)

imagel=rb5{i,a, j,b,image,imagel);

elseif (z(7)==1} & (z(B5}==1) & {(s==2)
imagel=rb6(i,a,j,b,image,imagel};
elseif (z(8)==1) & (z(5)==1) & (s==2}

imagel=rb7(i,a,j,b,image,imagel);
elseif (z(9)==1) & (z(5)==1) & (s==2)

imagel=rb8(i,a,j,b,image, imagel};
end;

end;
end;
figure, imshow{image) ;
im=image-imagel;
iml=bwmorph {im, 'clean’) ;
figure,imshow(iml} ;
out=iml;

fanction out=rbl{i,a,j,b,image,imagel)
[w,hl=size (image) ;
wl=floor{w/3}*3-2;
hl=floor (h/3)*3-2;
z=zeros (3,3);
z=image(i:a,j:b);
tx=i+1;
ty=3+1;
x=0; p3=2; s=0; y=0;
while (x<10)&({(p3~=0)| {s~=4))&{(p3~=1)| (5~=5))&(s~=2) & (y~=1})
if z(1,1)==1
x=x+1;



i=i-1; a=a-1; j=3-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) &
z=image(i:a,j:b);
tx=[tx,i+l];
ty=[{ty,3+1];

end;
elseif z(2,1)==
x=x+1;

j=j~-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) &
z=image (i:a,j:b);
tx=[{tx,i+1];
ty=[ty,j+1};

end;
elseif z(3,1)==
x=x+1;

j=4-1; b=b-1; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0) &
z=image(i:a, j:b);
tx=[tx,i+l];
ty={ty, j+11;

end;
elseif z(3,2)==
x=x+1;

i=i41; a=a+l;
if (b<=h) & (a<=w) & (i>0) &
z=image({i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+11;

end;
alseif z{2,3)==1
x=x+1;

3=j+1; b=b+1;
if {(b<=h) & (a<=w) & (i>0) &
z=image(i:a,j:b};:
tx=[{tx,i+1];
ty=[ty,j+1];

end;
elseif z(1,3)==1
x=%x+1;

j=3j+1; b=b+1l; i=i-1; a=a-1;
if (b<=h) & (a<=w} & (i>0} &
z=image (i:a,j:b};
tx=[tx,i+1l];
ty=[ty,Jj+11;

end;
elseif z(1,2)==1
x=x+1;

i=i-1; a=a-1;
if (b<=h) & {a<=w) & (i>0) &
z=image(i:a,j:b):
tx=[tx,i+1];
ty=[ty,j+1]);
end;
else y=1;
end;
p=[z (1) z(4) z(7) z(8) z(9) z(6)
pl=(p(2:8) p(1)]:
p3=sum(p.*pl);
s=sum{z);
end;

{3>0)

(3>0;

(3>0)

{(3>0)

(3>9)

(3>0}

(§>0)

z(3) z(2)];

59



L=length (tx};

if (2<10)&({s>=4) ]| (s==2)) & (y~=1)
for 1=1:1L-1
imagel (tx(1),ty(1l))=1;
end;

elseif (x<5)&(s==2)&{y~=1)
for 1=1:L
imagel (tx (1}, ty(l))=1;
end;

end;

out=imagel;

function cut=rb2(i,a,j,b,image,imagel})
[w,h]l=size({image) ;
z=zeros (3,3);
z=image{i:a, j:b);
tx=i+1;
Ly=j+1;
x=0; p3=1l; s=0; y=0;
while {x<10)&((p3~=0) | (s~=4))&{{(p3~=1}|(s~=5))&{s~=2)&{y~=1)
if z(1,1)y==1
x=x+1;
i=i-1; a=a-1; j=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) & {(3>0)
z=image (i:a,j:b};
tx=[tx,i+l];
ty:[tYI j+1] ;

end;
elseif z(2,1)==1
x=x+1;

j=j-1; b=b-1;
if {(b<=h) & (a<=w) & (i>0) & (3>0)

z=image{i:a,j:b};
tx=[tx,i+1];
ty=[ty,j+1];

end;
elgeif z(3,1)==1
x=x+1;

J=3-1; b=b-1; i=i+l; a=a+l;
if (b<=h) & (a<=w)} & (i>0) & (3>0}
z=image(i:a,j:b);
tx={tx,i+1];
ty=[ty,J+1];

end;
elseif z(3,2)==1
x=x+1;

i=i+1l; a=a+l;
if (b<=h) & (a<=w) & (i>0)} & (3i>0)
z=image{i:a,j:b};
tx=[tx,i+1};
ty=[{ty,J+11;

end;
elseif z(3,3)==1
x=x+1;

j=3+1; b=b+l; i=i+l; a=a+1;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=image (i:a,j:b);
tx={tx,i+1];
ty={ty,j+11;
end;
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elseif z(1,3)==1
x=x+1;
j=j+1; b=b+l; i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) & (3>0)
z=image(i:a,j:b);
tx=[{tx,i+1];
ty={ty,j+11;

end;
elseif z(1,2)==1
®=X+1;

i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) & {(j>0)
z=image (i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1];
end;
else y=1;
end;
p={z(1) z(4) z(7) z(8) z(9) z(6) z(3) z(2)];
pl=[p(2:8) p(l)]:
p3=sum{p.*pl);
s=sum{sum{z});
end;

L=length{tx) ;

if (x<10)&{(s>=4} ] {s==2})) &{y~=1)}
for 1=1:L-1
imagel {tx{1),ty{(l))=1;
end;

elseif (x<5)&(s==2)&(y~=1}
for 1=1:L
imagel (tx(1),ty(1l))=1;
end;

end;

out=imagel;

function out=rb3{(i,a,ij,b,image,imagel)
fw,hi=size(image};
z=zeros {3, 3);
z=image (i:a,j:b);
tx=i+1l;
ty=j+1;
x=0; p3=1; s=0; y=0;
while (x<10)&((p3~=0)|(s~=4))&({p3~=1})|{(s~=5))&(s5~=2}&{y~=1)
if z(1,1)==1
x=x+1;
i=i-1; a=a-1; j=j-1; b=b-1;
if (b<=h) & (a<=w) & {i>0) & (i>0)
z=image{i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1];

end;
elseif z{2,1)==1
x=x+1;

j=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) & (i>0)
z=image(i:a,j:b);
tx=[{tx,i+1};
ty=[ty,J+1];
end;
elseif z(3,1)==



x=x+1;
j=j-1; b=b-1; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0) & (3>0)
z=image(i:a, j:b);
tx=[tx,i+1];
ty=[ty,j+1]1;
end;
elseif z(3,2)==1
x=x+1;
i=i+l; a=a+l;
if (b<=h) & {(a<=w) & (i>0) & (>0}
z=image{i:a,j:b};
tx=[{tx,i+1]1;
ty=[ty,j+1];

end;
elseif z(3,3)==1
x=x+1;

j=j+1; b=b+l; i=i+l; a=a+l;
if (b<=h) & (a<=w} & (i>0) & (j>0)
z=image(i:a, j:b);
tx=[tx,i+1];
ty=[ty,j+11:

end;
elseif z(2,3)==1
x=x+1;

j=9+1; b=b+1;
if (b<=h} & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx={tx,i+l}];
ty=[ty,j+1]1;

end;
elseif z(1l,2)==1
x=x+1;

i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) & (3>0)
z=image(i:a,j:b);
tx=[{tx,i+l];
ty={ty,j+11:
end;
else y=1;
end;
p={z(1l) z{4) z(7) z(8) z(9) z(86) z(3) z(2)1:
pl=[p(2:8) p(l)1;
p3=sum(p.*pl);
s=sum{sum(z));
end;
L=length(tx);
if (x<10)&({(s>=4)] (s==2)}))&{y~=1)
for 1=1:L~1
imagel (tx(1l),ty{l))=1;
end;
elseif (x<5)&(s==2)6&(y~=1)
for 1=1:L
imagel (tx(1),ty(l))=1;
end;
end;
out=imagel;

function out=rb4(i,a,j,b,image,imagel)
[w,h]l=size(image)};
z=zeros(3,3);
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z=image(i:a,j:b);

tx=i+1;
ty=j+1;
x=0; p3=1; s=0; y=0;
while (x%<10)&((p3~=0}|(s~=4}))&((p3~=1)](s~=5))&(s~=2)&{y~=1)
if z{1l,1)==
x=x+1;
i=i-1; a=a-1l; j=j-1; b=b-1;

if {(b<=h) & (a<=w) & {(1>0) & (i>0)
z=image({i:a,j:b):;

tx=[tx,i+1];

ty=[ty,j+1];

end;
elseif z(2,1)==1
x=x+1;

3=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0} & (3>0C}
z=image{i:a,j:b):
tx=[tx,i+1};
ty=[ty,j+1];

end;
elseif z(3,1)==1
x=x+1;

j=3j-1; b=b-1; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=limage (i:a,j:b):;
tx={tx,i+1};
ty={ty,j+1]:

end;
elseif z(3,3)==1
x=x+1;

j=3+1; b=b+l; i=i+l; a=a+l;
if (b<=h) & (a<=w)} & (i>0) & {i>0}
z=image{i:a,j:b);
tx=[tx,i+1];
ty=lty,j+11;

end;
elseif z(2,3)==
x=x+1;

j=j+1; b=b+l;
if (b<=h) & (a<=w) & (i>0) & (>0}
z=image(i:a,j:b);
tx=[tx,i+1]:
ty=[ty, j+11;

end;
elseif z(1,3)==1
X=x+1;

j=j+1; b=b+l; i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) &
z=image(i:a,j:b);
tx=[tx,i+1];
ty=I[ty,j+11;

{3>0)

end;
elseif z(1,2)==1
x=x+1;

i=i-1; a=a-1;
if (b<=h} & (a<=w) & (i>0)} & (j>0)
z=image({i:a,j:b);
tx=[tx,i+1};
ty=[ty,j+11;
end;



else y=1;
end;
p=[{z (1) z(4) z{(7) z(8) z(9) z(e) z(3) z(2)];:
pl=[p{2:8) p(l)1;
p3=sum({p.*pl);
s=sum({sumi{z));

end;

L=length{tx);

if (x<10) & {{s>=4) | (s==2)) & (y~=1)
for 1=1:L-1
imagel (tx (1), tyl{l))=1;
end;

elseif (x<5)&(s==2)&(y~=1)
for 1=1:L
imagel (tx(1l),ty(1))=1;
end;

end;

out=imagel;

function out=rbb5(i,a,j, b, image, imagel)
{w,hl=size(image);
z=zeros (3,3);
z=image({i:a,j:b);
Ex=i+1;
ty=3+1;
®=0; p3=1; s=0; y=0;
while (x<10)&({(p3~=0}|(s~=4))&((p3~=1)1(s~=5))&(s~=2)&(y~=1)
if z{(1,1)==1
x=x+1;
i=i=1; a=a-1; j=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty={ty,3i+11;

end;
elseif z(2,1)==1
x=x+1;

j=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) & {(3>0}
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1];

end;
elseif z(3,1)==1
x=x+1;

Jj=3-1; b=b-1; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=image(i:a, j:b);
tx=[tx,i+1];
ty=lty,3+11;

end;
elseif z(3,2)==1
x=x+1;

i=i+1; a=a+l;
if (b<=h}) & (a<=w) & (i>0}) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,3+1]);
end;
elseif z(3,3)==
x=x+1;
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j=j+1; b=b+l; i=i+l1; a=a+tl;
if (b<=h) & {(a<=w)} & {(1>0}) & (]>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,3+1};

end;
elseif z(2,3)==1
x=x+1;

3=3+1; b=b+1;
if (b<=h) & (a<=w) & (i>0) & (3i>0}
z=image({i:a, j:b);
tx=[tx,i+1];
ty=[{ty,j+1]:

end;
elseif z(1,3)==
x=x+1;

3=3+1; b=b+l; i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) & (j>0i}
z=image (1:a, j:b);
tx=[tx,i+1];
ty=[ty,j+1];
end;
else y=1;
end;
p=[z(1) z(4) z(7) z(8) z(9) z(6) z(3) z(2)];
pl=[p(2:8) p(l)];
p3=sum{p.*pl);
s=sum{sum(z));
end;
L=length{tx);
if (x<10)&((s>=4) | (s==2)) & (y~=1)
for 1=1:1-1
imagel (tx(l),ty{l))=1;
end;
elseif (x<5)&(s==2)s&(y~=1)
for 1=1:L
imagel (tx(1),ty(1))=1;
end;
end;
out=imagel;

function cut=rb6(i,a,j,b,image, imagel}
[w,hl=size (image);
wl=floor{w/3)*3-2;
hi=floor (h/3)*3-2;
z=zeros (3,3);
z=image(i:a,j:b);
tx=1i+1;
ty=j+1;
x=0; p3=1; s=0; y=0;
while (x<10}&((p3~=0)| (s~=4))&((p3~=1)] (5~=5))&(s~=2) & (y~=1)
if z(1,1)==1
x=x+1;
i=i-1; a=a-1; j=j-1; b=b-1;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1]1;
end;
elseif z(2,1)==1
x=x+1;



i=j-1; b=b-1;
if (b<=h) & {a<=w) & {(i>0)
z=image{i:a,j:b);
tx=[tx,i+1];
ty={ty,j+1};

end;
elseif z(3,2)==1
x=x+1;

i=i+1l; a=a+1;
if (b<=h) & (a<=w) & (i>0)
z=image(i:a, j:b);
tx=[{tx,1+1];
ty=[ty,J+11;

end;
elseif z(3,3)==
x=x+1;

j=3+1; b=b+l; i=i+l; a=a+tl;
if (b<=h) & {a<=w) & (i>0)
z=image({iz:a, j:b);
tx=[tx,i1+1];
tyz[tYIj"’l] ’

end;
elseif z(2,3)==1
x=x+1;

3=j+1; b=b+l;
if {(b<=h) & (a<=w)} & (i>0)
z=image{i:a,j:b);
tx=[tx,i+1];
ty={ty,3+1];

end;
elseif z{(1,3)==1
x=x+1;

j=j+1; b=b+l; i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0)
z=image(i:a,j:b);
tx=[tx,1i+1];
ty=[(ty,j+1];

end;
elseif z(1,2)==
x=x+1;

i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0)
z=image (i:a,j:b);
tx=[tx,i+1l]1;
ty=[ty,j+1];
end;
else y=1;
end;

p=1z(1) z(4) z(7) z(8) z(9) z(6)

pl=[(p(2:8) p(1)1;
p3=sum(p.*pl)
s=sum(sum(z) ) ;

L=length (tx);
if (x<10)&({(s>=4)] (s==2)})&{y~=1)

for 1=1:1L-1
imagel (tx{1),ty(l))=1;
end;

elseif (x<5)&(s==2)&(y~=1)

for 1=1:L
imagel (tx(1),ty(1))=1;

(3>0)

(3>0}

{3>0}

(3>0)

(>0

(§>03

z{3) z(2)];:

68



end;
end;
out=imagel;

funetion ocut=rb7(i,a, j,b,image, inagel)
[w,hl=size (image);
z=zeros (3, 3);
z=image({i:a,j:b);
tx=1i+1;
ty=j+1;
x=0; p3=1; s=0; y=0;
while (x<10)&((p3~=0)|{s~=4})&{(p3~=1)] (5~=5))&(s~=2)&(y~=1}
if z(1,1)==
x=x+1;
i=i-1; a=a-1; j=j-1; b=b-1;
if (b<=h) & {(a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+l];
ty=[ty,j+1];

end;
elseif z(3,1)==1
x=x+1;

j=j-1; b=b-1; i=i+l; a=atl;
if (b<=h) & (a<=w) & (i>0) & (3>0;
z=image{i:a,j:b};
tx=[{tx,i+1];
ty=[ty,j+1];

end;
elseif z(3,2)==1
x=x+1;

i=i+l; a=a+l;
if (b<=h}) & (a<=w) & (i>0) & (3>0})
z=image(ira, j:b);
tx=[tx,i+1];
ty=[ty,j+11;

end;
elseif z(3,3)==1
x=x+1;

j=j+1; b=b+l; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0) & (j>0}
z=image{i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1]:

end;
elseif z(2,3)==1
x=x+1;

j=3+1; b=b+l;
if (b<=h) & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+1]:

end;
elseif z(1,3)==1
x=x+1;

j=j+1; b=b+1l; i=i-1; a=a-1;
if (b<=h} & (a<=w) & {(i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[{ty,j+1];
end;
elseif z(1,2)==1
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X=x+1;
i=i-1; a=a-1;
if (b<=h) & (a<=w) & (i>0) & (3>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,j+117
end;
else y=1;
end;
p={z (1) z (4} z(7) z(8) z(9) z(6}) z(3) z(2}}i;
pl=[p(2:8) p(l)1;
p3=sum(p.*pl);
s=sum{sumiz)};
end;
L=length(tx);
if (x<10)&({(s>=4) | (s==2)) & (y~=1)
for 1=1:L-1
imagel {(tx(1l),ty{l))=1;
end;
elseif (x<5)&{s==2)¢&(y~=1)
for 1=1:1L
imagel (tx(1),ty(l))=1;
end;
end;
cut=imagel;

function out=rb8(i,a,j,b,image,imagel}
[w,hl=size(image) ;
wl=floor(w/3)*3-2;
hi=floor(h/3)*3-2;
z=zeros (3,3);
z=image{isa,j:b);
tx=i+1;
ty=j+1;
%=0; p3=l; s=0; y=0;
while (x<10)&((p3~=0)|{(s~=4))&{(p3~=1)1](5~=5}))&({s~=2)&(y~=1}
if z(2,1)==1
x=x+1;
j=j-1:; b=b-1;
if {(b<=h) & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[tx,i+1];
ty=[ty,3+11;

end;
elseif z(3,1)==
x=x+1;

j=j-1; b=b-1; i=i+l1l; a=a+l;
if (b<=h)} & (a<=w) & (i>0) & (j>0)
z=image(i:a,j:b);
tx=[{tx,i+l1];
ty=[ty,j+1};

end;
elseif z(3,2)==
x=x+1;

i=i+1l; a=a+l;
if (b<=h} & (a<=w) & (i>0) & (j>0}
z=image (i:a,j:b):
tx=[tx,i+1];
ty=[ty,j+11;
end;
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elseif z(3,3)==1
x=x+1;
j=3+1; b=b+l; i=i+l; a=a+l;
if (b<=h) & (a<=w) & (i>0)
z=image{i:a, j:b);
tx=[tx,i+1];
ty={ty,j+11;

R

(3>0)

end;
elseif z(2,3)==1
x=x+1;

i=3j+1; b=b+1;
if (b<=h) & (a<=w) & (i>0) & (3>0}
z=image(i:a,j:b);
tx=[tx,i+1};
ty=[ty,j+1];

end;
elseif z(1,3)==1
x=x+1;

j=3+1; b=b+l; i=i-~1; a=a-1;
if (b<=h) & {a<=w) & (i>0) & (3>0)
z=lmage(ira, j:b);
tx=[{tx,i+l1;
ty=[ty,j+1il:

end;
elseif z(1l,2)==1
x=x+1;

i=i~1; a=a-1;
if {(b<=h}) & {(a<=w} & (i>0)}
z=image{i:a,j:b);
tx=[tx,i+l];
ty=[ty,Jj+11;
end;
else y=1;
end;
p=[{z (1) z{4) =z!{7) z(8) z(9) z(6}) z(3) z{2)}:
pl=ip(2:8) p(l)};
p3=sum(p.*pl);
s=sum(sum{z)});

=

(3>0)

end;

L=length(tx};

1f (x<10)&({(s>=4) | (s==2))&(y~=1)
for 1=1:L~1
imagel (tx(1l},ty(l))=1;
end;

elseif (x<5)&(s==2)&{y~=1)
for 1=1:L
imagel (tx(1),ty(1})=1;
end;

end;

out=imagel;
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function out=bridge2(image)
x=[1 2 4;8 0 16;32 64 128];
{w,hl=size (image);
wl=floor{w/3)*3-2;
hl=flocor(h/3)*3-2;
imagel=zeros {w,h);

for i=1l:wl
a=i+2;
for j=1:hl

b=3j+2;

d=0;

z=zeros (3,3} ;

z=image({i:a,jib};

if z{(2,2)==
d=sum{sum{z.*x));

end;

x1=0;

if d==26
imagel=right (image,i,a,]j,b,imagel);
imagel=left (image,i,a, j,b,imagel) ;
imagel=above (image,i,a,]j,b,imagel) ;

elseilf d==37
[imagel,d,x1]=rightup (image,i,a,]j,b,imagel,xl};
[imagel,d,xl]=leftup(image,i,a,j,b,imagel,x1};
[imagel,d,xl]l=leftdown(image,i,a,j,b,imagel,x1};

elseif d==49
imagel=right (image,i,a,j,b,imagel);
[imagel,d,xl]=leftup(image,i,a,]j,b,imagel,xl);
[imagel,d, xl1]=leftdown (image,i,a,j,b,imagel, x1);

elseif d==50
imagel=right (image,i,a,j, b, imagel);
imagel=above (image, i, a,j,b,imagel);
[imagel,dl=leftdown(image,i,a,j,b,imagel, xl);

elseif d==69
[imagel,d,x1]=rightup (image,i,a,j,b,imagel, x1);
[imagel,d,xl]=leftup(image,i,a,j,b,imagel,xl};
imagel=under (image, i, a,j,b, imagel) ;

elseif d==74
imagel=above (image,i,a,j, b, imagel) ;
imagel=under (image,i,a,j,b,imagel);
imagel=left (image,i,a,j,b,imagel);

elseif d==76
[imagel,d,xl]l=rightup{image,i,a,j,b,imagel,x1};
imagel=under (image, i, a,j,b,imagel);
imagel=left (image,i,a, j,b,imagel);

elseif d==81
imagel=right{image,i,a,]j,b,imagel);
imagel=under (image,i,a,j,b,imagel) ;
[imagel,d,x1]=leftup{image,i,a,j,b,imagel,x1);

elseif d==82
imagel=right (image, i, a,j,b,imagel);
imagel=under (image, i,a, j,b, imagel) ;
imagel=above (image, i,a, j,b,imagel) ;

elseif d==88
imagel=right (image,i,a,j,b,imagel) ;
imagel=under (image,i,a,j,b,imagel) ;
imagel=left (image,i,a,j,b,imagel) ;
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elseif d==133
[imagel,d,xl]=rightup(image,i,a,j,b,imagel, xl);
[imagel,d,x1l]=leftup{image, i, a,j,b,imagel,xl);
[imagel,d, xl]=rightdown (image,i,a,j,b,imagel,x1);
elseif d==138
[imagel,d}=rightdown (image,i,a, j,b,imagel,xl);
imagel=above{image,i,a,j,b,imagel);
imagel=left {image,i,a,j,b,imagel);
elseif d==140
[imagel,d,x1l]l=rightdown(image,i,a,j,b,imagel,x1};
[imagel,d,x1]=rightup(image,i,a,]j,b,imagel, x1);
imagel=left (image,i,a,j,b,imagel);
elseif d==161
[imagel,d,x1l]=rightdown(image,i,a, j,b,imagel,x1);
[imagel,d,x1ll=leftup({image,i,a,i,b,imagel,xl};
[imagel,d,xl]=leftdown{image,i,a,j,b,imagel, x1};
elseif d==162
[imagel,d, x1]=rightdown {image, i,a, j,b,imagel,xli};
imagel=above (image,i,a, j, b, imagel};
[imagel,d,xl]=leftdown(image,i,a, j,b,imagel, x1);
elseif d==164
[imagel,d,xl]l=rightdown {(image,i,a,j,b,imagel, xi};
[imagel,d,xl]l=leftdown(image,i,a,j,b,imagel,xl};
[imagel, d, xl]=rightup (image,i,a, j,b,imagel, x1};
end;
end;
end;
figure,imshow(imagel)
im=image-imagel;
figure, imshow(image})
out=im;

function out=right (image,i,a, j,b,imagel}
x=[1 2 4;8 0 16;32 64 128];

x1=0; d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3);

g=image{il:al,jl:bl);

fw,hi=size{image);

tx=il+l;

ty=jl+1;

while

{x1<10) &(d~=]26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164]) &
{y~=1) & (aa~=1)

if g(2,3)==
x1=x1+1;
31=31+1; bl=bl+1l;
1if (bl<=h) & (al<=w) & (i1>0) & (j1>0)
g=image(il:al,jl:bl};
tx=[tx,il4+1];
ty=[ty,3j1+11;
d=sum(sum{g.*x));
else y=1;
end;
elseif g(1,3)==
[imagel,d,x1l]=rightup(image,il,al,jl,bl,imagel, x1);
aa=1;
elseif g(3,3)==1
[imagel,d,x1]=rightdown{(image,il,al,jl,bl,imagel, x1};
aa=1;
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else y=1;
end;
end;
L=length{tx};
if

(L>2) & (x1<10) & {d==26[d==37|d==49|d==50|d==69 | d==74 | d==76 | d==81 | d==82 |
d==88|d==133{d==138]d==140]d==161|d==162|d==164)
for 1=2:L-1
imagel (tx{1),ty(1l))=1;
end;
elseif
{L<3) & (aa==1) & (x1<10) & (d==26]d==37|d==49|d==50|d==69 | d==74 |d==T76|d==
11d==821d==88|d==133|d==138|d==140|d==161|d==162]|d==164)
for 1=1:1L
imagel (tx{1),ty(1l})=1;
end;
end;
cut=imagel;

function out=left (image,i,a,j,b,imagel}
x=[{1 2 4;8 0 16;32 64 128};

x1=0; d=0; y=0; aa=0;

il=i; al=a; jl=]j: bl=b;

g=zeros(3,3);

g=image{il:al,jl:bl);
[w,hl=size({image) ;

tx=il+1;

ty=31+1;

while

(x1<10) & (d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164}1&
fy~=1) & (aa~=1}

if g(2,1)==
x1l=x1+1;
jl=91-1; bl=bl-1;
if {(bl<=h) & (al<=w) & (il1l>0) & (31>0)
g=image(il:al,jl:bl};
tx=[tx,1il+1};
ty=[ty,j1+11;
d=sum(sum(g.*x));
else y=1;
end;
elseif g(l,1)==1
[imagel,d,xl]l=leftup(image,il, al,jl,bl, imagel, x1);
aa=1;
elseif g(3,1)==
[imagel,d,xl])=leftdown (image,il,al,jl,bl,imagel, x1};

aa=1;
else y=1;
end;
end;
L=length (tx) ;
if

{L>2) & {x1<10) & {(d==26|d==37 |d==49|d==501d==69 | d==74|d==76 | d==81 | d==82}|
d==88|d==133}d==138{d==140|d==161|d==162|d==164)

for 1=2:L-1
imagel (tx(1),ty(1))=1;
end;
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elseif
{L<3) & (aa==1) & (x1<10) & (d==26|d==37|d==49|d==50]1d==69|d==74|d==76 | d==8
1|d==82|d==88|d==133]|d==138|d==140|d==161]|d==162|d==164)

for 1=1:L

imagel (tx(1l),ty(1))=1;

end;
end;
out=imagel;

function out=above{image,i,a,j,b,imagel)
x=[1 2 4;8 0 16;32 64 128];

®1=0; d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3);

g=image(il:al,jl:bl};

[w,h]=size{image) ;

tx=11+1;

ty=31+1;

while
{x1<10})&(d~={26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,1641)&
{y~=1)&({aa~=1)

if gtl,2)==1
x1l=x1+1;
il=i1-1; al=al-1;
if (bl<=h} & (al<=w}) & (i1>0) & {(j1>0)
g=image(il:al,jl:bl);
tx={tx,i1+1];
ty=[ty,31+1];
d=sum{sum({g.*x});
else y=1;
end;
elseif g(1,3)==1
[imagel,d, xl]=rightup(image,il,al,j1l,bl,imagel,xl);
aa=l;
elseif g(1,1)==1

[imagel,d,x1]=leftup(image,il,al,jl,bl, imagel, xl1);

aa=1;
else y=1;
end;
end;
L=length(tx);
if

{(L>2) & (x1<10) & (d==26|d==37|d==49 |d==50]d==69 |d==74 |d==76 | d==81{d==82|
==88|d==1331d==138]d==140|d==161d==162]d==164)
for 1=2:L-1
imagel (tx(1l),ty(1l))=1;
end;
elseif
{L<3) & (aa==1) & (x1<10) & (d==26]d==37|d==49 | d==50 | d==69 |d==T74 | d==76 | d==
1}jd==82}d==88]d==133|d==138]|d==140|d==161)d==162}d==164)
for 1=1:L
imagel (tx{1),ty(1l))=1;
end;
end;
out=imagel;

function ocut=under(image,i,a,j,b,imagel)
x=[1 2 4;8 0 16;32 64 128];
x1=0; d=0; y=0; aa=0;
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il=i; al=a; jl=j; bl=b;

g=zeros{3,3);

g=image{il:al,jl:bl);

[w,h]l=size{image];

tx=il1+1;

ty=31+1;

while

{x1<10) & (d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164]) &
{y~=1) & (aa~=1}

if g(3,2)==1
x1=x1+1;
il=il+1; al=al+l;
if (bl<=h) & {(al<=w) & {i1>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,i1+1];
ty=[ty,j1+1]1;
d=sum{sum{g.*x)) ;
else y=1;
end;
elseif g(3,3)==
[imagel,d,xl1]=rightdown(image,il,al,jl1,bl,imagel, x1};
aa=1;
elseif g(3,1)==1
[imagel,d, xl]=leftdown(image,il,al,jl1,bl, imagel,xl);

aa=1l;
else y=1;
end;
end;
L=length(tx):
if

(L>2) & (x1<10) & (d==26]d==37|d==49 | d==50|d==69|d==74|d==76|d==81|d==82 |
d==88|d==133|d==138]d==140]d==161]d==162 ) d==164)

for 1=2:L-1
imagel (tx{(l),ty{l))=1;
end;
elseif
{L<3) & (aa==1) & (x1<10) & (d==26|d==37 | d==49|d==50 | d==69 |d==T74 |d==76 | d==
11d==82{d==88]d==133|d==138|d==140|d==161|d==162|d==164)
for 1=1:L
imagel (tx{1l),ty(l))=1;
end;
end:;
out=imagel;

function [out,d,xl]=rightup(image,i,a,j,b,imagel, x1)
x=[1 2 4;8 0 16;32 64 128];

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3);

g=image(il:al,jl:bl);

[w,hl=size{image) ;

tx=1il+1;

ty=31+1;

while

(x1<10) & (d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164] )&
(y~=1) & (aa~=1)

if (g(1,2)==1)
[imagel,d, xl}=ruau{image,il, al, j1,bl, imagel, x1);
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aa=1;
elseif {g{2,3)==1)
[imagel,d,x1l]}=ruar(image,il,al,jl,bl,imagel,x1);
aa=1;
elseif {(g(1,3)==1)
x1=x1+1;
il=i1-1; al=al-1l; jl1=31+1; bl=bl+l;
if (bl<=h) & (al<=w) & (il1l>0) & (j1>0)
g=image (il:al,jl:bl);
tx={tx,i1+171;
ty=[ty,3j1+1];
d=sum{sum{g.*x)};

else y=1;
end;
else y=1;
end;
end;
L=length(tx);
if

{L>2)&(x1<10) & (d==26|d==37{d==49|d==50|d==69 |d==74 | d==76]d==81|d==82|
d==88|d==133|d==138d==140|d==161|d==162|d==164)

for 1=2:1-1
imagel (tx(1l),ty(l))=1;
end;
elseif
{L<3) & (aa==1) & (x1<10) & {d==26|d==37|d==49]d==50|d==69|{d==74 | d==76 | d==
11d==82]d==88|d==133|d==138|d==140{d==161|d==162|d==164)
for 1=2:L
imagel{tx(l),ty(l})}=1;
end;
end;
out=imagel;

function [out,d,xl]=rightdown({image,i,a,j,b,imagel,xl)
x=[1 2 4;8 0 16;32 64 1281;

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3} ;

g=image (il:al,jl:bl);

[w,hl=size{image);

tx=il1l+1;

ty=j1l+1;

while
{x1<10)&(d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164])¢&
(y~=1) & (aa~=1)

if {g(3,2)==1)
[imagel,d,xl]=rdad(image,il,al, jl,bl, imagel, x1);
aa=1;

elseif (g(2,3)==1)
[imagel,d, x1]l=rdar (image,il, al,jl,bl, imagel, x1);
aa=1;
elseif (g(3,3)==1)
x1=x1+1;
il=i1+41; al=al+l; j1=j1+1; bl=bl+l;
if (bl<=h) & (al<=w) & (i1>0) & (j1>0)
g=image(il:al,jl:bl);
tx={tx,i1+1];
ty=[ty,j1+1];
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d=sum(sum{g.*x));

else y=1;
end;
else y=1;
end;
and;
I=length(tx};
if

(L>2)&(x1<10) & (d==26]d==37{d==49|d==50]d==69|d==74 |d==T76|d==81|d==82}
==88|d==133]d==1381d==140|d==161|d==162 |d==164)
for 1=2:1-1
imagel (tx(1),ty(1))=1;
end;
elseif
(L<3) & (aa==1)& (x1<10) & (d==26]d==37|d==49|d==50|d==69|d==T74|d==76 | d==8
1)d==82]1d==88]d==133]d==138|d==140|d==161|d==162|d==164)
for 1=2:L
imagel (tx(l),ty{(1l}}=1;
end;
end;
out=imagel;

function [out,d,xl]=leftdown{image,i,a,],b,imagel, x1)
x=[1 2 4;8 0 16;32 64 128];

d=0; y=0; aa=0;

il=i; al=a; jl=j; bil=b;

g=zeros (3,3}

g=image(il:al,jl:bl);

[w, h}=size(image) ;

tx=il+1;

ty=31+1;

while
{x1<10)&{d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164])&
{y~=1) & (aa~=1)

if (g(3,2)==1)
[imagel,d,xl]l=ldad(image,il,al,jl,bl,imagel,x1};
aa=1l;
elseif (g(2,1)==1)
[imagel,d,x1]=1dal (image,il,al,jl,bl, imagel, x1);
aa=1;
elseif (g(3,1)==1)
x1=x1+1;
il=il+1; al=al+l; j1=31-1; bl=bl-1;
if (bl<=h) & (al<=w) & (il>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,11+1];
ty:[tYI :|1+1] ;
d=sum(sum(g.*x));

else y=1;
end;
else y=1;
end;
end;
IL=length (tx);
if
{(L>2) & (x1<10) & (d==26|d==37 |d==491d==50|d==69 |d==74 |d==76|d==81 | d==82|

d==88]d==133|d==138|d==140}d==161|d==162|d==164)

for 1=2:L-1
imagel {tx (1), ty(l))=1;



7

end;
elseif
{L<3) &{aa==1) & (x1<10) & {(d==26|d==37|d==49|d==50|d==69 | d==74 | d==T76 | d==8
11d==821d==88|d==133|d==138|d==140}d==1611d==162|d==164)

for 1=2:1L

imagel {(£x(1),ty(l))=1;

end;
end;
cut=imagel;

function [ocut,d,xl]l=leftup(image,i,a,j,b,imagel, x1)
x={1 2 4;8 0 16;32 64 128];
d=0; y=0; aa=0;
ii=i; al=a; jl=j; bl=b;
g=zeros (3,3);
g=image(il:al,jl:blj};
[w,h]l=size(image};
tx=il+1;
ty=jl+1;
while
{z1<10)&{d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164]1)%
{y~=1) & (aa~=1)
it (g(1,2)==1)
[imagel,d, x1]=luau{image,il,al, jl,bl,imagel,x1);
aa=1;
elseif (g{2,1)==1)

[imagel,d,x1]=1lual (image,il,al, j1,bl, imagel,xl);
aa=1;
elseif (g(l,1)==1)
x1=x1+1;
il=il-1; al=al-1; jl=jl1-1; bi=bl-1;
if (bl<=h) & {(al<=w) & {il>0) & {(31>0)
g=image(il:al,jl:bl);
tx=[tx,i1+1]};
ty=[ty,jl+1];
d=sum{sum(g.*x)) ;
else y=1;
end;
else y=1;
end;
end;
L=length(tx);
if
{L>2) & ({x1<10) & (d==26[d==37 | d==49 [d==50[d==69 |d==74 |d==T76 [ d==81 |[d==82 |
d==88|d==133|d==138|d==140|d==161|d==1621d==164)

for 1=2:1-1
imagel (tx(1l),ty(1l})=1;
end;
elseif
(L<3) & (aa==1) & (x1<10) & (d==26|d==37|d==49|d==50|d==69 |d==74 |d==T76 | d==8
11d==82|d==88{d==133{d==138]d==140}d==161]|d==162]d==164)
for 1=2:1L
imagel (tx(1l),ty{(1l))=1;
end;
end;
out=imagel;

function [out,d,xl]=lual{image,i,a,j,b,imagel,xl)
x=[1 2 4;8 0 16;32 64 128];
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d=0; y=0; aa=0;
il=i; al=a; jl=j; bl=b;
g=zeros{3,3);
g=image({il:al,jl:bl};
{w,h]l=size (image) ;
tx=il+1;
ty=31+1;
r2=x1;
while
{%x1<190) & (d~=[26,37,49,50,69,74,76,81,82,68,133,138,140,161,162,164]}s&
(y~=1)
if (g(2,1)==1)
x1l=x1+1;
jl1=j1-1; bl=bl-1;
if (bl<=h) & (al<=w) & ({il1l>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,i11+1];
ty=[ty,j1+1]1;
d=sum{sum(g.*x));
else y=1;
end;
elseif (g(l,1)==1)
x1=x1+1;
il=il-1; al=al-1; jl=jl-1; bl=bl-1;
if (bl<=h) & (al<=w) & (11>0) & (j1>0}
g=image(il:al,jl:bl);
tx=[tx,11+1];
ty=lty,j1+11;
d=sum{sum(g.*x});

else y=1;
end;
else y=1;
end;
end;
L=length(tx};
if

(22>1) &{L>2) & (x1<10) & (d==26 [d==37|d==49|{d==50|d==69|d==74 |d==76 | d==81
|d==82{d==88|d==133|d==138|d==140|d==161|d==162|d==164)
for 1=1:L-1
imagel (tx(1l),ty(1))=1;
end;
elseif
{L>2) & (x1<10) & (d==26|d==37 | d==49 | d==50]d==69{d==74{d==76 | d==81{d==82]
==88|d==133|d==138|d==140]|d==161{d==1621d==164)
for 1=2:L-1
imagel {tx(1),ty{1))=1;
end;
end;
cut=imagel;

function [out,d,xl]=luau(image,i,a,j,b,imagel, x1)
x=[1 2 4;8 0 16;32 64 128];

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3, 3);

g=image(il:al,jl:bl);

[w,h]l=size (image);

tx=11+1;

ty=jl1+1;

x2=x1;
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while
(x1<10) & {(d~=[,26,37,49,50,69,74,76,81,82,88,133,138,140,1061,162,164])
& (y~=1)

if (g(1,2)==1)
x1=x1+1;
il=il-1; al=al-1;
if (bl<=h) & (al<=w) & (il>0) & (31>0)
g=image{il:al,jl:bl);
tx={tx,il1+1];
ty=[ty, j1+1];
d=sum{sum{g.*x))};
else y=1;
end;
elseif (g(l,1)==1)
x1=x1+1;
11=i1-1; al=al-1l; jil=3j1-1; bl=bl-1;
if (bl<=h) & (al<=w) & (i1>0} & (31>0)
g=image(il:al,jl:bl);
tx=[{tx,i1+1];
ty={ty,jl1+1];
d=sum{sum{g.*x));

else y=1;
end;
else y=1;
end;
end;
L=length (tx):;
if

(22>1) & (L>2) & {x1<10) & (d==26|d==37|d==49|d==50]|d==69|d==74|d==76 | d==81
{d==82|d==88|d==133|d==138|d==140|d==161|d==162 |d==164)
for 1=1:L-1
imagel (tx(1),ty(1l))=1;
end;
elseif
{(L>2) & (x1<10) & (d==26|d==37}d==49|d==50|d==69{d==T74|d==76|d==81 |d==82 |
==88|d==133]d==138{d==140|d==161|d==162 |d==164)
for 1=2:L-1
imagel {(tx({(1l),ty(l))=1;
end;
end;
cut=imagel;

fuanction [out,d,xl]=ldad(image,i,a,j,b,imagel, x1)
x=[1 2 4;8 0 16;32 64 128];

d=0; y=0; aa=0;

il=i; al=a; 3j1=73; bl=b;

g=zeros (3,3);

g=image(il:al,jl:bl);

[w,h]l=size(image};

tx=il1+1;

ty=]1+1;

x2=x%x1;

while

{x1<10) & (d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164]1) &
{y~=1)

if (g(3,2)==1)
x1=x1+1;
i1=i1+1; al=al+l;



80

if (bl<=h) & (al<=w) & (il>0) & (jl1>0)
g=image(il:al,jl:bl};
tx={tx,11+1];
ty=[{ty,jl+1];
d=sum{sum{g.*x));

else y=1;

end;

elseif (g(3,1)==1)

x1l=x1+1;

il=il+1; al=al+l; jil=3j1-1; bl=bl-1;

if (bl<=h) & (al<=w) & (11>0) & (j1>0}
g=image(il:al, jl:bl};
tx=[tx,11+11;
ty=[ty,Jj1+1};
d=sum({sum(g.*x)}:

else y=1;
end;
else y=1;
end;
end;
I=length (tx);
if

(x2>1) & (L>2) &(x1<10) & (d==26]d==37 | d==49|d==50 | d==69 | d==74 | d==76 | d==81
|d==821d==88|d==133]d==138|d==140}d==161]d==162|d==164)
for 1=1:1-1
imagel {tx{1l),ty(1l))=1;
end;
elseif
{(1>2) & (%1<10) & (d==26|d==37|d==49|d==50|d==69|d==74 |d==76|d==81|d==821
d==88{d==133]d==138]d==140|d==161|d==162}d==164)
for 1=2:1L-1
imagel (tx(1),ty{l))=1;
end;
end;
ocut=imagel;

function [out,d,xl]=1ldal (image,i,a,j,b,imagel, xl)
x=[1 2 4:8 0 16;32 64 128]:;

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros{3,3);

g=image(il:al,jl:bl);

[w,h]l=size (image) ;

tx=il+1;

ty=jl+1;

x2=x1;

while

{x1<10) &{d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,164]))&
(y~=1)

if (g(2,1)==1)

x1=x1+1;

j1=j1~1; bl=bl-1;

if (bl<=h) & (al<=w) & (il>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,il+1];
ty=[ty,j1+1];
d=sum{sum(g.*x));

else y=1;

end;

elseif (g{(3,1)==1)
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x1=x1+1;
il=il+1; al=al+l; jl=jl1-1; bl=bl-1;
if (bl<=h) & (al<=w) & (il1>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,11+1];
ty=[ty,Ji+11;
d=sum{sum(g.*x}};

else y=1;
end;
else y=1;
end;
end;
I=length (tx)};
if

{x2>1) & {L>2) & {x1<10) & (d==26|d==37 | d==49|d==50|d==69 |d==T74 |d==76 | d==81
Jd==82|d==88|d==133}d==138]d==140]d==161]d==162]d==164)
for 1=1:1L-1
imagel (tx(1),ty(1l))=1;
end;
eliseif
{(L>2) & (x1<10) & (d==26{d==37|d==49|d==50|d==69|d==74 |d==76|d==81]d==82]
d==88|d==133{d==138|d==140|d==161|d==162|d==164)
for 1=2:L-1
imagel (tx (1) ,ty(l))=1;
end;
end;
ocut=imagel;

function [out,d,xl}=ruar(image,i,a,j,b,imagel, xl)
x=I1 2 4;8 0 16;32 64 128];

a=0; y=0; aa=0;

il=i; al=a; jl=]; bl=b;

g=zeros{3,3);

g=image{il:al,jl:bl);

iw,h]l=size(image);

tx=11+1;

ty=3j1+1;

x2=x1;

while
(x1<10)&(d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,1641}&
{y~=1)

if (g(2,3)==1)

x1=x1+1;

ji=j1+4+1; bl=bl+l;

if (bl<=h) & (al<=w) & (i1>0)} & (j1>0)
g=image(il:al,jl:bl);
tx=[{tx,11+1];
ty:[tYIj1+l] ;
=sum{sum{g.*x));

else y=1;

end;

elseif {(g(l1,3)==1)

Xl=x1+1;

il=il1-1; al=al-1; jl=jl+1; bl=bl+l;

if (bl<=h) & (al<=w) & (il>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,i1+1];
ty=[{ty,j1+11;
d=sum({sum{g.*x)});

else y=1;
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end;
else y=1;
end;
end;
=length{tx};
if

(22>1) & (1>2) & ({x1<10) & (d==26]d==37 | d==49 | d==50]d==69 | d==74 | d==76 | d==81
Jd==82{d==88|d==133|d==138|d==140|d==161]d==162 |d==164)
for 1=1:L-1
imagel (tx(1l),ty(l))=1;
end;
elseif
{1>2)&(x1<10) & (d==26{d==37|d==49|d==50{d==69|d==74|d==76]d==81|d==82 |
==88{d==133{d==138|d==140|d==161{d==162|d==164}
fer 1=2:L-1
imagel (tx(1),ty(1l))=1;
end;
end;
out=imagel;

function [out,d,xl]l=ruau{image,i,a,j,b,imagel, x1}
x=[{1 2 4;8 0 16;32 64 128];

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3);

g=image(il:al, jl:bl);

[w,hl=size(image) ;

tx=il+1;

ty=j1l+1;

x2=x1;

while
(x1<10)&(d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,1641)&
{y~=1})

if (g(l,2)==1)
x1=x1+1;
il1=i1-1; al=al-1;
if (bl<=h) & (al<=w) & (i1>0) & (31>0)
g=image(il:al,jl:bl};
tx={tx,i11+1];
ty=[{ty,j1+1];
d=sum(sum(g.*x));
else y=1;
end;
elseif (g(1,3)==1)
x1=x1+1;
il=il-1; al=al-1; jl=31+1; bl=bl+l;
if (bl<=h) & (al<=w) & (i1>0) & (31>0)
g=image(il:al, jl:bl};
tx=[{tx,il+1}];
ty:[tYIj1+1] ;
d=sum{sum{g.*x)};
else y=1;
end;
else y=1;
end;
end;
L=length(tx) ;
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if
(x2>1) & (L>2) & (1<10) & (d==26 | d==37 | d==49 | d==50 | d==69 |d==74 |d==76 | d==81
|d==82|d==88|d==133|d==138|{d==140{d==161{d==162 (d==164)
for 1=1:1L-1
imagel (tx(1l),ty(l))=1;
end;
elseif
{L>2)&{x1<10) & (d==26|{d==37 | d==49 |d==50}d==69|d==T74 |d==76|d==81 | d==82]|
==88{d==133|d==138|d==140|d==161{d==162|d==164)
for 1=2:L-1
imagel {tx (1), ty(1))=1;
end;
end;
cut=imagel;

function [out,d,xl]=rdad(image,i,a,j,b,imagel, x1)
x={1 2 4;8 0 16;32 64 1281;

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros{3,3);

g=image(il:al,jl:bl};

[w,h]l=size{image};

tx=11+1;

ty=71+1;

x2=x1;

while

{(x1<10) & (d~={26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,1641)&
(y~=1)

if (g{3,2)==1)
x1=x1+1;
il=i1+1; al=al+l;
if (bl<=h) & (al<=w} & (i1>0) & (31>0)
g=image(il:al,jl:bl};
tx=[tx,i1+1];
ty=[ty,j1+11;
d=sum(sum{g.*x));
else y=1;
end;
elseif (g(3,3)==1)
x1=x1+1;
il=i1+1; al=al+l; 31=31+1; bl=bl+l;
if (bl<=h) & (al<=w) & (i1>0) & (j1>0)
g=image(il:al,jl:bl);
tx=[tx,il+1}];
ty=[{ty,ji+11;
d=sum(sum{g.*x)};
else y=1;
end;
else y=1;
end;
end;

L=length(tx);
if
(x2>1)&(I>2) &(x1<10) & (d==26|d==37{d==49|d==50|d==69[d==74 |d==76 | d==81
|d==82]d==88{d==133[d==138[d==140|d==161{d==162|d==164)
for 1=1:1-1
imagel {tx(1l),ty(1l))=1;
end;



elseif
(I>2) & ({x1<10) & {d==26|d==37|d==49|d==50|d==69 |d==74 |d==76{d==81 | d==82|
==88|d==133|d==138|d==140|d==161|d==162|d==164)

for 1=2:L-1

imagel (tx(1l),ty(1l))=1;

end;
end;
cut=imagel;

function [out,d,xll=rdar (image,i,a,j,b,imagel, xi}
x={1 2 4;8 0 16;32 64 128]1;

d=0; y=0; aa=0;

il=i; al=a; jl=j; bl=b;

g=zeros (3,3);

g=image(il:al,jl:bl};

[w,hl=sgize (image} ;

tx=11+1;

ty=31+41;

x2=x1;

while

{xl<10)& (d~=[26,37,49,50,69,74,76,81,82,88,133,138,140,161,162,1641)&
{y~=1)

it (g(2,3)==1)

x1=x1+1;

jl=31+1; bl=bl+1;

if (bl<=h) & (al<=w) & (i1>0}) & (31>0)
g=image{il:al,jl:bl);
tx=[{tx,11+1];
ty=[ty,j1+1];
d=sum{sum(g.*xj) s

else y=1;

end;

elseif (g{(3,3)==1)

x1l=x1+1;

il1=il141; al=al+l; jl=j1+1; bl=bli+l;

if (bl<=h} & (al<=w)} & (i1>0} & (31>0)
g=image(il:al,jl:bl);
tx=[tx,i1+1];
ty=[ty,j1+1];
d=sum{sum{g.*x));

else y=1;
end;
else y=1;
end;
end;
I=length(tx);
if

{x2>1)&(I1>2) & (x1<10) & (d==26|d==37|d==49|d==50|d==69 |d==T74 | d==76 | d==81
}d==82|d==88|d==133|d==138|d==140{d==161|d==162|d==164)
for 1=1:L—~1
imagel (tx(1),ty(1))=1;
end;
elseif
{L>2)6(x%1<10) & (d==26]d==37]1d==49{d==50|d==69|d==74{d==76|d==81|d==82
==88|d==133|d==138]d==140|d==161|d==162|d==164)
for 1=2:L-1
imagel (tx(1),ty{(1l))=1;
end;
end;
out=imagel;
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function [block,center] = direction(image,blocksize,noshow)
[w,h] = size{image};

direct = zeros(w,h);

gradient times_value = zeros(w,h});

gradient sq minus_value = zeros(w,h);
gradient for bg under = zeros{w,h);

W = blocksize;
theta = 0;

sum value = 1;
bg_certainty = 0;

blockIndex = zeros (ceil {w/W),ceil (h/W));

times value = 0;
minus value = 0;

center = [];

filter gradient = fspecial('sobel');

*to get x gradient

I horizontal = filter2(filter gradient,image);
*to get y gradient

filter gradient = transpose(filter gradient);
I_vertical = filter2(filter gradient,image);

gradient times value=I horizontal.*I vertical;
gradient_sqg minus_value=(I vertical-

I horizontal).*(I_vertical+I horizontal);
gradient for bg under = (I horizontal.*I horizontal) +
(I vertical.*I vertical);

for i=l1:W:w
for j=1:W:h
if j+W~1 < h & i+W-1 < w
times value = sum(sum(gradientﬁtimes_value(i:i+W—l,

Jry+u-1)));

minus_value = sum(sum{gradient_sq minus_value(i:i+W-I,
FrjHW-1))) 5

sum_value = sum{sum(gradient for bg under(i:i+W-1, j:j+W-
1)) )

bg certainty = 0;
theta = 0;

if sum value ~= 0 & times value ~=0

bg_certainty = (times_value*times_value +
minus_value*minus_value)/ (W*W*sum value);

blockIndex (ceil (1/W),ceil (j/W)) = 1;
tan_value = atan2((2*times_value),minus_valuej;

theta = (tan_value)/2 ;
theta = theta+t+pi/2;
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center = [center;[round{(i + (W-1)/2),round(j + (W-
1}/2),thetall;

end;
end;
times_value = 0;
minus_value = 0;
sum_value = 0;

end;
end;
block=blockIndex;
[ww, hh]l=size(block);
num=0;
pcen=center(:,3);
for il=1l:ww
for jl=1l:hh
if block{il,jl)==]
num=num+1 ;
block(il, j1)=pcen (num)j ;
end;
end;
end;

if nargin == 2
imshow(direct) ;

hold on;

[u,v] = pol2cart{center(:,3),5);
guiver (center(:,2),center{(:,1),u,v,0,'w'};
hold off;

end;



Tsunsumeagudnarsvesaaiiadie

function ocut=coreZ (image,block,center)
cx=center{:,1};

cy=center (:,2);

££=0;

z=block;

[w,hl=sizel{z);

xx=zeros (w,h);

yy=zeros {(w,h);

for i=l:w

for j=1:h
if z(i,j)~=0
ff=Fff+1;

yyi{i,j)=cy(f£f);
Xxx({i,]j)=cx(ff);
end;
end;
and;
wl=floor (w/3)*3-2;
hl=floor (h/3)*3-2;
final={}:
figure, imshow(image)
for k=1:wl
for 1=1:hl
whorl=0; loop=0; delta=0;
zl=zeros (3,3);
zl=z({k:k+2,1:1+42);
bbb=rad2deg(zl});
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bb=[bbb (3} bbb(2) bbb{l) bbb{4) bbb (7) bbb(8) bbb(S8) bbb(6}

bbb (3} ];
wll=((bb{1)>0 & bb(1)<90)}|{bb{l)>180 & bb(1}<270));
wl2=({bb(2)>35 & bb(2)<120} | (bb{2)>240 & bb(2)<300});

wl3={{bb{3)>60 & bb(3)<170)}| (bb(3)>250 & bb(3})<350) { (bb(3)>=C

& bb(3}<30));
wld=({(bb(4)>0 & bb{4)<50) | (bb(4)>150 & bb(4)<280));
wlb=({bb(5)>20 & bb{5)<110) | (bb(5)>200 & bb{(5)<300));
wlé={(bb(6}>50 & bb(6)<130){(bb(6)>230 & bb(6)<310));
wl7=((bb{7)>90 & bb{7)<180) ]| (bb{7)>270 & bb(7)<360));
wl8={((bb(8)>120 & bb(8)<215) | (bb{8)>325 &

b (8)<360) | (bb{8)>=0 & bb(8)<50})};
whorl=wll*wl2*wl3*wld4*wlb*wlo*wl7*wl8;
if whorl==

final=[final; whorl,loop,delta,xx(k+1,1+1),yy{(k+l,1+41)];

hold on; plot{yy{k+1,1+1},xx(k+1,1+1),  'og"}

end;

1pl=((bb(1)>45 & bb(1)<140) | (bb(1)>225 & bb(1)<315})

1p2=((bb(2)>45 & bb(2)<145) | (bb(2}>225 & bb{2)<315)}

1p3={(bb{3)>115 & bb(3)<160)] (bb(3)>280 & bb(3)<350)

lp4=((bb (4)>=0 (
& bb{4)<360));

1p5=((bb(5)>25 & bb{(5)<90) | (bb(5)>210 & bb(5)<270));

1p6={(bb(6)>40 & bb(6)<135)| (bb(6)>225 & bb(6)<315));

1p7=((bb(7)>40 & bb(7)<135) | (bb(7)>225 & bb{(7)<315));

1p8=((bb(8)>53 & bb{8)<135}) | (bb(8)>225 & bb(8)<315));

loop=lpl*1p2*1p3*lp4*1p5*1p6*1p7*1p8;

if loop==

;
);
bb

-]

bb(4)<43) | (bb(4)>155 & bb(4)<215) |

(4)>325

final={final; whorl, loop,delta, xx{k+1,1+1),yy(k+1l,1+1}1};

hold on; plot(yy(k+1,1+1),xx(k+1,1+1),"'sg")
end;



dtl={(bb{1)>90 & bb(1)<180})]| (bb{1)>270 & bb(1})<360));
dtZ2=((bb(2)>90 & bb(2)<180)! (bb(2)>270 & bb(2)<360)};
dt3=({bb(3)>30 & bb(3)<180) | (bb(3)>270 & bb(3)<360));
dt4={(bb(4)>80 & bb(4)<170})| (bb(4)>260 & bb(4)<350));
dt5=((bb{5)>30 & bb(5)<120) | (bb(5)>210 & bb{5)<300}):

dte=((bb(6)>0 & bb(6)<30){ (bb(6})>180 & bb(6}<270));
de7={(bb{7)>0 & bb{(7)<90) | (bb(7)>180 & bb(7)<270));
dt8={(bb(8)>150 & bb(8)<210) | (bb(8)>330 &
bb{8)<360) | (bb(8)>=0 & bb{(8)<30));
delta=dtl1*dt2*dt3*dt4*dtS5*dt6*dt7*dt8;
if delta==
final=[final; whorl,loop,delta,xx(k+1,1+1),yy(k+1,1+41)7;
hold on; plot(yy(k+1,1+1),xx(k+1,1+1),""y")
end;
end;
end;
out=final;
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function mark=minutia (image)

[w,h]l=size{image);

wl=floor (w/3)*3-2;

hli=floor{(h/3)*3-2;

a=0; b=0;

branch0=[1};

triangle=I[];

for i=l:wl

a=i+2;
for j=1:hl
b=j+2;
z=zeros (3,3}
z=image({i:a,j:b);
p=lz{1l) =z(4) z(7) z(8) z{(9) z(6) ={(3}) z(2
pl=Ip(2:8) p(l)1;
p3=sum{ (1l-p).*pl);
pp=sum{sum(z});
templ=(pp==3) ;
temp2=(pp==4);
temp3=(pp==2};
ppl=sumip.*pl);
if (templ==1l & z(5)==1 & p3==1)| (temp3==1 & z(5)==1})
branchO={branch0; i+l,j+17];

o
Vomond
~E

end;
if ppl==0 & z(5)==1 & temp2==
triangle=[triangle; i+1,j+11;
end;
end;
end;
branch=[1];
pe=I[1;
I=length(branch0({:,1});
imshow(image) ;
for n=1:1,
tl=branchO(n, :);
for m=1:L
t2=branchO{m, :};
defl=((t2(1)-20<tl(1l) & t1(1)<t2(1)+20) & (t2(2)-20<t1(2) &
tl{2)<t2(2)+20));
def2={({tl(1l)==t2(1) & t1(2)==t2(2)):
if defl==1 & def2~=1
branchO(n,:}=[{0 0];
end;
end;
end;
for v=1:1L
sss=sum({branch0(v,:));
dot=branch0 (v, :);
if sss~=0
branch=[branch; branchO(v,:)];
hold on; plot{dot(2),dot(1l),'xr")
end;
end;
Li=length{(triangle(:,1));
for nl=1:L1
ri=triangle(nl,:);



for ml=1:L1
r2=triangle(ml, :);

defel=((r2(1)-20<rl(1l) & rl{(1)<xr2(1)+20) & (r2(2)-20<ri(2)

rl(2)<r2(2)+20}));
defe2=(r1(1l)==r2(1) & rl(2)==r2(2));
if defel==]1 & defe2~=1
triangle(nl,:)=[0 0];
end;
end;
end;
for vi=1l:L1
sssl=sum(triangle(vl,:)};
dotl=triangle(vl,:);
if sssl~=0
pp=[pp; triangle(vl,:)1;
held on; plot{dotl(2},dotl(1l),'sg")
end;
end;
mark=[branch;pp];

function [bab,outl=realp2(mark, core, image)
1x=length{core(:,1));

bab=0; 1=0;
while bab~=1 & bab~=2 & bab~=3
1=1+1;
c=core(s,1l);
if 1==
for k=1:1x
if clk)==
f=core(k,:);
x=f (4} ;
y=£(5);
bab=1;
end;
end;
elseif l==
for k=1:1x
if c(k)==
f=corelk, :);
x=f£(4);
y=£(5};
bab=2;
end;
end;
elseif 1==3
for k=1:1x
if c(k)==
f=corelk,:};
x=£(4);
y=£(5);
bab=3;
end;
end;
end;
end;

lon=length (mark(:,1));
[w,h]l=size(image);

direct = zeros(w,h);

gradient times_value = zeros(w,h);
gradient sq minus_value = zeros(w,h};
gradient for bg under = zeros(w,h);

&



W= 6;

theta = 0;

sum value = 1;

bg certainty = 0;

blockIndex = zeros(ceil (Ww/W),ceil (h/W)}:;

times value = 0;
minus_value = 0;
center = [];

filter gradient = fspecial('sobel');
sto get x gradient
I _horizontal = filter2(filter gradient,image);

%to get y gradient
filter gradient = transpose(filter gradient});
I_vertical = filter2{filter gradient,image);

gradient times_value=I horizontal.*I vertical;
gradient sq minus_value={I vertical-
I_horizontal).*(I_vertical+I horizontal);

gradient for bg under = (I_horizontal.*I horizontal) +
{I_vertical.*I vertical);
poi=[];

for i=l:lon
pp=mark(i,:);
x1=pp{1l)~2;
X2=pp (1} +2;
yl=pp(2)=2;
y2=pp(2})+2;
if x1>0 & x2<w & yl1>0 & y2<h
times_value =
sum(sum{gradient times value(xl:x2,y1:y2)}};
minus_value =
sum(sum(gradient sq minus_value(xl:x2,yl:y2)});
sum value = sum{sum(gradient for bg under{xl:x2,yl:y2})};

theta = 0;

if sum value ~= 0 & times value ~=0
tan value =
atan2{(2*times_value),minus_value);

theta = (tan value)/2 ;
theta = thetat+pi/2;
ang=rad2deqg (theta) ;
poi=[poi;pp(l} pp(2) angl;

end;
end;
end;
xxl=x-(poi(:,1));
yyl=y-(poil(:,2)):
out=[xxl,yyl,poi(:,3)1;
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Taunsumdnunugadiaiiassiuvesgilmeiiie 2 g

function count=match(babl,pointl,bab2,point2)
last=0;
count=0;
while last~=1
if babl~=bab2
count=0;
last=1;
elseif babl==bab2
Ll=length(pointl(:,1});
L2=length(point2(:,1));
for i=1:L1
gl=pointl (i, :);
for j=1:L2
g2=point2(j,:);
matl=((gl(1)-15)<g2(1l})&{g2(1)<{(gl(1l}+15};};
mat2={(gl{2)-15)<g2({2))&{g2(2)<{gl(2)+15)})};
mat3=((gl(3)-20)<g2(3))&(g2(3)<(gl(3)+20)}};
if matl==1 & mat2==1 & mat3==
count=count+1l;
end;
end;
end;
last=1;
end;
end;
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