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Abstract

Online signature verification is an effective approach for a personal identity, since an online
signature provides many features--angles, velocities, accelerations, and times--for a signature
verification system. In this research, there are three important parts: signature acquisition, feature
extraction, and feature matching. For the signature acquisition, discrete signature acquired from a
tablet is interpolated and kept in the form of parametric. This data is smoothed by Gaussian filter
and is determined high curvature points along with the signature. These high curvature points are
called dominant points. For the feature extraction, the dominant points are used to divide the
signature into a set of segments. These segments can generate the following features: angles,
interval velocities, interval accelerations, and interval times. Finally, in matching phase, dynamic
programming is applied to match unknown signature features and model features stored in a
database. By this method, the experimental results illustrate that the proposed verification system
can perform accurately 80%.
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Tilsunsuaruildasie GUI tiedano UL 1Y (main_menu.m)

function varargout = main_menu(varargin)
if nargin==0 % LAUNCH GUI
fig = openfig(mfilename,'reuse');
handles = guihandles(fig);
guidata(fig, handles);
if nargout > 0
varargout{1} = fig;
end

elseif ischar(varargin{1}) % INVOKE NAMED SUBFUNCTION OR CALLBACK

try
if (nargout)
[varargout{1:nargout}] = feval(varargin{:}); % FEVAL switchyard
else
feval(varargin{:}); % FEVAL switchyard
end
catch
disp(lasterr);
end

end
function varargout = pushbutton3_Callback(h, eventdata, handles, varargin)
fori=1:5

cals_feature(i);

end;

%
function varargout = editl _Callback(h, eventdata, handles, varargin)
global thl

th1 = str2double(get(h,'string"));

if isnan(th1)

errordlg("You must enter a numeric value','Bad Input','modal’)
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end;

%

function varargout = pushbutton7 Callback(h, eventdata, handles, varargin)
%%%%%

[d1,strokes]=get sign;

[filename,pathname]=uiputfile('*.mat','Save RAW Data');
pathnamel=length(d1(1,1,:));
pathname2=strcat(pathname,num2str(pathnamel));
File2=fullfile(pathname2,filename);

save (File2 ,'d1",'strokes');

cals_featurel(dl,strokes);

%
function varargout = matching_Callback(h, eventdata, handles, varargin)
cd(num2str(strokes));
s=what(pwd);
data_size=size(s.mat,1);
for loops=1:data_size
wl=str2double(get(handles.ww]1,'String"));
w2=str2double(get(handles.ww?2,'String"));
w3=str2double(get(handles.ww3,'String"));
[matching_result]=dynamicp(w1,w2,w3);
set(handles.matching1,'String',matching_result);
if (matching_result>=0.5)
set(handles.match_text,'String','match');
break;
else
set(handles.match_text,'String','not match');
end;

end;
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TusunsuRIUINA1 Gaussian filter (k_gaus.m)

function [g,g1,g2]=k guas(q)
s=sqrt(2*pi);
92=q"2;
q3s=(q"3)*s;
n=1;
t=3*q;
for i=-t:t

12=1"2;
g(n)=(1/(q*s))*(exp((-i2)/(2*q2)));
g1(n)=(-i/q3s)*(exp((-i2)/(2*q2)));
22(n)=(((12)/q2)-1).*(1/g3s).*(exp((-i2)/(2*q2)));
% if mod(i,3)==0

n=n+1;

% end;

end;

o ad a d .
T‘]JﬁL!ﬂﬁJﬁU‘fljﬂﬂﬁﬁl'lﬂﬂi$ﬂ'luﬂmﬂrﬂﬁﬂl‘lﬂﬁ (get_sign.m)

function [d1,strokes]=mousetrack
try
imagefig=figure(1);
set(gca,'ydir','normal");
catch
close(imagefig)
disp('Only NxM tensors, or NxMx3 RGB image data can be displayed as images")
end
=L
d1=zeros(300,2);
set(imagefig,' windowbuttondownfen', { @starttrack } );

waitfor(0,'userdata’)
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outtrack=get(0,'userdata’);
for i=1:length(outtrack(:,1))
x1(i)=outtrack(i,1);
y1(i)=outtrack(i,2);
end;
for i=1:length(x1);
d1(,1,j)=x1();
d1(i,2,j)=y1@);
end;
hold on;
axis([0,1024,0,768]);
plot(d1(1:length(x1),1,j),d1(1:length(x1),2.j),'r")
callstr = ['set(gcbf,"Userdata",double(get(gebf,"CurrentPoint"))) ; uiresume '] ;
tw=[];
for j=2:4
tt = timer ;
tt.timerfcn = 'uiresume’ ;
tt.startdelay = 1;
th = figure('ButtonDownFcn',callstr, ...
'windowstyle','normal’,...
'position’,[0 0 1024 768]....
'Name',GETKEYWAIT, ...
'userdata',-1) ;
try
% Wait for something to happen or the timer to run out
start(tt) ;
uiwait;
ch = get(fh,'Userdata’) ;
close;

if ch~=-1
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set(imagefig,' windowbuttondownfcn', { @starttrack});
waitfor(0,'userdata")
outtrack=get(0,'userdata’);
for i=1:length(outtrack(:,1))
x1(i)=outtrack(i,1);
y1(i)=outtrack(i,2);
end;
for i=1:length(x1);
d1(,1,j)=x1();
d1(i,2,j)=y1@);
end;
hold on;
axis([0,1024,0,768]);
plot(d1(1:length(x1),1,j),d1(1:length(x1),2.j),'r")
figure(1);
hold on;
plot(d1(1:length(x1),1,j),d1(1:length(x1),2,j),'t");
else
break;
end;
catch
% Something went wrong, return and empty matrix.
ch=[];
end
stop(tt) ;

delete(tt) ;

if ch==-1
break;
end;

end;
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strokes=length(d1(1,1,:));
close (1);

%

function starttrack(imagefig,varargins)

set(gcf,'windowbuttonupfen', { @stoptrack},'userdata',[]);

set(gcf,'windowbuttonmotionfen',...
'set(gcf,"userdata",[get(gcf,"userdata");get(0,"pointerlocation™)])");

x=1;

%

function stoptrack(imagefig,varargins)
set(gcf,'windowbuttonmotionfen',[]);
unitsO=get(0,'units');

unitsf=get(gcf,'units");

unitsa=get(gca, units");

set(0,'units','pixels");

set(gef,'units','pixels');

set(gca,'units','pixels');

x=get(gca,'xlim');

y=get(gca,'ylim");

axsize=get(gca,'position");

figsize=get(gcf, position');

set(0,'units',units0);

set(gcf,'units',unitsf);

set(gca,'units',unitsa);
mousetrail=(get(gcf,'userdata')) ; %-repmat(shift,size(get(gcf,'userdata'),1),1))*ratio;
set(gcf,'windowbuttondownfen', { @starttrack} );

set(0,'userdata’,;mousetrail);
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Tsunsuunuagamunudulfe k curv.m)

function [nkxy,nkxy2]=test aek2(x,y,g)
data_I=length(x);
g_l=length(g);
x1 = conv(g,x);
y1l = conv(g,y);
xtl = zeros(data 1,1);
ytl = zeros(data 1,1);
buff=0;
for c =1:data_l-g 1
fori=1:g 1
buff = buff + x1(c+).*g(g_I+1-);
end
xtl(c+H(g_1-1)/2) = buff;
buff = 0;
end
buff = 0;
for c=1:data I-g 1
fori=1:g 1
buff = buff + y1(c+i).*g(g_l+1-i);
end
ytl(c+(g_1-1)/2) = buff;
buff = 0;
end
a3 = zeros(data_1,1);
a2 = zeros(data_1,1);
b3 = zeros(data_1,1);
b2 = zeros(data_1,1);
for i=2: data_1-1

a3()=(x1(i+1)-x1(i-1))/2;
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a2(i)=(x1(+1)+x1G-1)-(2*x1(i)))/2;
b3(Q)=(y1(+1)-y1G-1))/2;
b2()=(y1G+1)+y1G-1)-2*y1(i)))/2;
end;
kk = zeros(data_1,1);
fori=1:data_l
A=(2*((a3(1)*b2(1))-(b3()*a2(i)));
B=(((a3(1)"2)*+(b3(1)"2)"1.5);
if B~=0
kk(i)=A/B;
end;
if B==0
kk(i)=0;
end;
end;
kkk = zeros(data_1,1);
aa3 = zeros(data 1,1);
aa2 = zeros(data 1,1);
ba3 = zeros(data_1,1);
ba2 = zeros(data_1,1);
for i=2:data_I-1
aa3(i)=(xt1(i+1)-xt1(i-1))/2;
aa2(i)=(xt1(i+1)+xt1(i-1)-(2*xt1(i)))/2;
ba3(i)=(yt1(i+1)-yt1(i-1))/2;
ba2(i)=(yt1 (i+1)+yt1G-1)-2*yt1(1))/2;
end;
fori=1: data_l
A=(2*((aa3(i)*ba2(i))-(ba3(i)*aa2(i))));
B=(((aa3(i)"2)+(ba3(i)"2))*1.5);
if B~=0



kkk(i)=A/B;
end;
if B==0
kkk(i)=0;

end;

end;

geut=(g_1-1)/2;

fori=1:g 1|
kkk(i)=0;

end;

for i=data_l-g l:data 1
kkk(i)=0;

end;

n=1;

for i=gcut+1:data 1
kk1(n)=kk(i);
n=n+1;

end;

fori=1:g 1
kk1(i)=0;

end;

for i=data_l-g l:data |
kk1(i)=0;

end;

nkxy=kk1;

nkxy2=kkk;
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T1)sunsuiiuiun peak YoemgaAUUUIEUTAS

function[kxy1]=1 peak(kxy,treadholds)
lk=length(kxy);
aa=max(kxy,0);
bb=min(kxy,0);
maxx=[0 1];
miny=[0 1];
for i=1:1k
if (aa(i)>maxx(1,1))
maxx(1,1)=aa(i);
maxx(1,2)=i;
end
if(bb(i)<miny(1,1))
miny(1,1)=bb(i);
miny(1,2)=i;
end
end
tmax=maxx(1,1)*.05;
tmin=miny(1,1)*.05;
n=1;
for i=2:1k-1
if(aa(i)>0)
if (aa(i)-aa(i-1)>0)&(aa(i)-aa(i+1)>0)
aal(n,1)=i;
aal(n,2)=aa(i);
n=nt+1;
end;
end;
end;

n=1;
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for i=1:length(aal(:,1))
if aal(i,2)>tmax
aa2(n,1)=aal(i,1);
aa2(n,2)=aal(i,2);
n=n+1;
end;
end;
n=1;
for i=2:1k-1
if(bb(i)<0)
if (bb(i)-bb(i-1)<0)&(bb(i)-bb(i+1)<0)
bbl(n,1)=i;
bb1(n,2)=bb(i);
n=n+1;
end;
end;
end;
n=1;
% if(length(bb1(:,1))>2);
for i=1:length(bb1(:,1))
if bb1(i,2)<tmin
bb2(n,1)=bb1(i,1);
bb2(n,2)=bb1(i,2);
n=n+1;
end;
end;
for j=1:length(bb1(:,1))
if(length(bb2(:,1))==length(bb1(:,1)))
tmin=tmin*2;

for i=1:length(bb1(:,1))
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if bb1(1,2)<tmin
bb2(n,1)=bb1(i,1);
bb2(n,2)=bb1(i,2);
n=n+1;
end
end
else break;
end;
end;
results=zeros(length(aa2(:,1))+length(bb2(:,1)),2);
=1
k=1,
for i=1:length(aa2(:,1))+length(bb2(:,1))
if (k<=length(aa2(:,1)))&(j<=length(bb2(:,1)))
if(aal(k,1)<bb2(j,1))
results(i,1)=aa2(k,1);
results(i,2)=aa2(k,2);
k=k+1;
else
results(i,1)=bb2(j,1);
results(i,2)=bb2(j,2);
s
end;
else
if(k>length(aa2(:,1)))
results(i,1)=bb2(j,1);
results(i,2)=bb2(j,2);
=it
else

results(i,1)=aa2(k,1);
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results(i,2)=aa2(k,2);
k=k+1;
end;
end;
end;

kxyl=results;

TlsunsuuanaInNuLL,152,A 210598 9a81F U (find_feature.m)
function[feature all,angledata]=find_feature(x,y,peak point)
length_feature=length(peak point(:,1));
length_data=length(x);
feature all=zeros(length feature+1,3);
feature all(1,1)=sqrt((x(1)-x(peak point(1,1)))"2+(y(1)-y(peak point(1,1)))"2);
for i=2:length_feature
feature all(i,1)=sqrt((x(peak point(i-1,1))-x(peak point(i,1)))"2+(y(peak_point(i-1,1))-y
(peak_point(i,1)))"2);
end;
feature all(length feature+1,1)=sqrt((x(peak point(i-1,1))-x(length data))"2-+(y(peak point
(1,1))-y(length data))*2);
feature all(1,2)=feature all(1,1)/peak point(1,1);
for i=2:length_feature-1
feature_all(i,2)=feature_all(i,1)/(peak point(i+1,1)-peak point(i,1));
end;
feature all(length_feature,2)=feature all(length_feature,1)/(length _data-peak point
(Iength_feature,1));
feature all(1,3)=feature all(1,2)/peak point(1,1);
for i=2:length_feature-1
feature all(i,3)=(feature all(i,2)-feature all(i+1,2))/(peak point(i+1,1)-peak point(i,1));

end;
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feature all(length feature,3)=(feature all(length feature,2)-feature all(length feature-1,2))/
(Iength data-peak point(length feature,1));
angledata(1,1)=sqrt((x(1)-x(peak_point(2,1)))"2+(y(1)-y(peak point(2,1)))"2);
for i=2:length_feature-1
angledata(i,1)=sqrt((x(peak _point(i-1,1))-x(peak_point(i+1,1)))"2+(y(peak point(i-1,1))-y
(peak_point(i+1,1)))"2);
end;
angledata(i+1,1)=sqrt((x(peak_point(i-1,1))-x(length_data))"2-+(y(peak point(i-1,1))-y
(Iength_data))"2);
for i=1:length_feature-1
cos_idata=acos(((angledata(i,1)"2)-(feature all(i,1)"2)-(feature_all(i+1,1)"2))/(-(2*feature_all
(i,1)*feature_all(i+1,1))));
angledata(i,2)=cos_idata*180/pi;
if ((peak_point(i,2))<0)
angledata(i,2)=360-angledata(i,2);
end;
end;
i=itl1;
cos_idata=acos(((angledata(i,1)"2)-(feature_all(i,1)"2)-(feature all(i+1,1)"2))/(-(2*feature all
(1,1)*feature_all(i+1,1))));
angledata(i,2)=cos_idata*180/pi;
if ((peak_point(i,2))<0)
angledata(i,2)=360-angledata(i,2);

end;

<3 a a o A
Tisunsunsieaeymetudieds lawiing 11)sunsuiie (dp_check.m)

function [final match] = dynamicp(w1,w2,w3,total strokes);
dir_detail=what(pwd);
Filel=fullfile(dir_detail.path,'featurel.mat');

load(Filel);
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load('feature2.mat’);
final match1=0;
final match2=0;
feature len=length(FA_check{total strokes} {1}(1,:,1));
feature1=zeros(feature len,3,total_strokes);
al=zeros(feature_len,3,total_strokes);
for j=1:total_strokes
for i=1:feature len
feature1(i,1,j))=FA_check{total strokes} {1}(,i,1);
feature1(i,2,j)=FA_check{total strokes} {1}(,i,2);
feature1(i,3,j))=FA_check{total strokes} {1}(,i,3);
al(i,1,j))=FA_check{total strokes}{1}(,i,4);
al(i,2,j)=FA_check{total strokes}{1}(,i,5);
end;
end;
load('feature2.mat);
final match1=0;
final match2=0;
cd(num2str(total strokes));
dir detail=what(pwd);
match ok=1;
all files1=length(dir detail.mat);
for all_files=1:all filesl
final match1=0;
final match2=0;
filename=dir_detail.mat{all files,1};
Filel=fullfile(dir_detail.path,filename);
load(Filel);
feature length2=length(FA {total strokes} {all files}(1,:,4));

feature2=zeros(feature length2,3,total strokes);
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a2=zeros(feature length2,3,total strokes);
for k=1:total_strokes
for i=1:feature_length2
feature2(i,1,k)=FA {total_strokes} {all_files}(k,i,1);
feature2(i,2,k)=FA {total_strokes} {all_files}(k,i,2);
feature2(i,3,k)=FA {total_strokes} {all_files}(k,i,3);
a2(i,1,k)=FA {total_strokes} {all files}(k,i,4);
a2(i,2,k)=FA {total_strokes} {all files}(k,i,5);
end;
len_1=length(al(:,1,1));
len_2=length(a2(:,1,1));
s=zeros(len_1+1,len_2+1);
M _data=zeros(max([len_1+1,len 2+1]));
for j=1:len_2
M_data(1,j)=0;
end;
for i=1:len_2
M_data(i,1)=0;
end;
for j=2:len_2+1
for i=2:len_1+1
if ((a1(i-1,2,k)<=a2(j-1,2,k)+36)&(al(i-1,2,k)>=a2(j-1,2,k)-36))
s(ij)=1;
end;
M_data(i,j)=max([M_data(i-1,j-1)+s(i,j),M_data(i-1,j),M_data(i,j-1)]);
end;
end;
j=len 2+1;
i=len_1+1;

resultl=zeros(max([len_1+1,len 2+1]));

66



for 1I=1:min([len_2,len 1])
[resultl(i,j),n]=max([M_data(i-1,j-1)+s(i,j) ,M_data(i-1,j) ,M_data(i,j-1)]);
if(n==1)
i=i-1;
il ¥

else

end;
Fl=max(resultl);
Fl=max(F1);
F1=(F1+1)/max([len_1+1,len 2+1]);
len 1=length(featurel(:,1,1));
len 2=length(feature2(:,1,1));
f data2=zeros(len_1+1,len 2+1);
s=zeros(len_1+1,len 2+1);
for j=2:len 2+1
for i=2:len_1+1
if ((feature1(i-1,2,k)<=feature2(j-1,2,k)+feature2(j-1,2,k)*0.3)&(feature1(i-
1,2,k)>=feature2(j-1,2,k)-feature2(j-1,2,k)*0.3))
s(ij)=1;
end;
f data2(i,j)=max([f data2(i-1,j-1)+s(i,j),f data2(i-1,j),f data2(i,j-1)]);

end;
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end;

j=len 2+1;

i=len_1+1;

result_f2=zeros(max([len_1+1,len_2+1]));

for lI=1:min([len_2,len_1])
[result 2(i,j),n]=max([f data2(i-1,j-1)+s(i,j) ,f data2(i-1,j) ,f data2(i,j-1)]);
if(n==1)

end;
F2=max(result f2);
F2=max(F2);
F2=(F2+1)/max([len_1+1,len_2+1]);
len_1=length(featurel(:,1,1));
len_2=length(feature2(:,1,1));
f data3=zeros(len_1+1,len 2+1);
s=zeros(len_1+1,len_2+1);
for j=2:len 2+1
for i=2:len 1+1
if ((feature1(i-1,3,k)<=feature2(j-1,3,k)+feature2(j-1,3,k)*0.3)&(feature1(i-
1,3.k)>=feature2(j-1,3,k)-feature2(j-1,3,k)*0.3))
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s(ij)=1;
end;
f data3(i,j)=max([f data3(i-1,j-1)+s(i,j),f data3(i-1,j),f data3(i,j-1)]);
end;
end;
j=len 2+1;
i=len_1+1;
result_f3=zeros(max([len_1+1,len_2+1]));
for lI=1:min([len_2,len_1])
[result f3(i,j),n]=max([f data3(i-1,j-1)+s(i,j) ,f data3(i-1,j) ,f data3(i,j-1)]);
if(n==1)
i=i-1;
=L

else

end;

F3=max(result_f3);

F3=max(F3);

F3=(F3+1)/max([len_1+1,len_2+1]);

final matchl=F1*w1+F2*w2+F3*w3;

final match2=final match2+final matchl;
end;

final match2=final _match2/total strokes;
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final match{match ok} {1}=final match2;
final match{match ok} {2}=filename;
disp(final_match{match ok} {2});
disp(final _match{match ok} {1});
path_namel=what(pwd);
File_match=fullfile(path_namel.path,filename);
load(File_match);
len_x=length(d1(:,1,1));
if len x<=300
for j=1:300
if d1(j,1,1)~=0
len_x=j;
end
end
end;
figure(all files+100);
for plot_strokes=1:strokes
plot(d1(1:len_x,1,plot_strokes),d1(1:len_x,2,plot_strokes),".");
end;
match _ok=match_ok+1;
end;
cd ..

return;
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