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ABSTRACT

The signature is an important feature that have been used to identify signer and admire all
the world because the signature of different persons have the different characteristics and it is
difficult to forge. The verification method that generally use is the comparision by eyesight.
Computer which is a new technology can improve the ways we store and verify the signature so
the signature verification is convenient, speedily and reliable more than the ways we use now.

This thesis study a characteristics of the signature, analyse the features of signature and
use these features to verify genuine or forgery signature. The online signature is fed to the
computer pass a digitizer which provide not only a coordinates information but a timing information
too. The verification process which use a timing information, will have a higher accuracy than a
process that use only a coordinate of the signature. When we get a signature data from an input
device, we do preprocessing to remove spurious information. Next, the feature extraction process
is done. When we want to verify a signature, we will input the signature to a computer pass a
digizer and extract the features of the signature. Then we will compare these features with the
signatures in the reference database to identify the signer.

In the experiment, twenty persons signed their genuine signatures twenty times each into
the reference database. By using stroke number, x-direction, y-direction, velocity, acceleration and
direction of signature as features and using Ucledian Distance and Syntactic Pattern Recognition
compare features of the input signature with features of the reference signatures we have eighty-

two percentages correct, ten percentages reject, and eighteen percentages incorect. The speed of



the verification process is about one minute. Program was written in Turbo Pascal for Windows

which run under Microsoft Windows 3.11 on the 32 MHz IBM Compatible computer.



ARAnssNUsENA

ranmuraunzauiian useiliintsaduayulusunisfneuninanaen
1 & o~ T v -; v o ° o~ 0
1919UNTTAN Hiraransaned as. yoydand dng RiA T nuuninlunisdavia
L
Mantnusaiutauduiaqanesiani
1eTRUNIEAANNRNTE IUNAngAsIe nsranamefuasnaluladiansaung T
dudulszangsramanng

f. v ¢ o o~ -l - ' R °
19r9unTEAUEIAnsdinimd Faimumg NeeevindlauasliAEnmuustinunlaeg
Zhkag!

v a v

rereunszAnid i danInddzuas in1saenfamaiynying Aldaaudeamielu
AUG]
« 4' v o Yo o ] < o o € n‘l’o <
18UANNY AU uasties] ynaunlimadlauazdasmdenidnaninusaiuiiduia
1 k%
qaNadls

Heuna Woudl



annlty

Win

LVABIEID ..ottt s e |
ADSITACT Lot a ettt et g eRs b et eseabsebrens i
ARNTTUUTENNR oottt Vv
BUVTLIEY oo s Vi
ANTUUNINUTENAY Cereer v s e s s Vil
AITLTEUBINTN ottt IX
R T T 1
1.1 ﬁummzmwéﬂﬁmmmﬂmm ................................................................ 1

1.2 HRIBFERAEWEL 1o 1

1.3 AUUANFNTENINANE N TNUSTILA SN AR oo 3

1 4 Anautuinlstielac L 59.\ £ 2Bl Ao 3

R T T Tk LR F s U SRt A AN Sverst TR TOR XU T i 0 SO 4

un# 2 gUnsalRld N2 Ld ey aUAT AN E IO TNR 5
2.1 NIEANMBIANNTATNG oot 5

2.1.1 uNNIIMNIUUAENITAILANAUN T EUTAYA v 7

2.1.2 nsyA e dnnseRndR MR 13

2.2 ANEUEABIIAYA L oieciovvieersriessio st sionnesesess oo 14
2.3 510t o T I IANARE e 16

uni 3 m?i‘:qﬁqqﬂﬂaLmzmm?:maumﬂmﬁu ................................................. 17
R b T DT T O 17

3.2 NATUTZHARRAEBIIU oo 21

UNT 4 ANSRDNGAEOUEIIG oo 29
4.1 AnEseuRs U RS ETANIUT e 29

4.2 EEOUAAUTIE NN TIINUE e 30



PRy

anlty (sia)

win
UM 6 MR ELTREURATUT e 36
5.1 MAUBFUUREUULL Ucledian DIStANCE «.vvvveveeeeeeereseereees oo 36
5.2 ATILUEUUPELULIL SYNACHE wovvvvveveeeoeeeeeeseseseosee e 38
UNT 6 DVFARUIA e 39
6.1 AITNUANFANTENIWAVEIIU oo e eeee e 39
6.2 ANIALLAATUNTTIARUIA oo 58
unit 7 AR ¢ CRTTG N C5 > SRR C bub) P N . WO 60
7.0 T aunSaA AT SRR bt 60
7.2 HANATATIREALRVEIUT oo oo 64
undl 8 undz e | o NN N AT e S\ = I S 66
8.1 AUNANNTNAUIBITEUL oo e 66
8.2 FORMTADBITILI ..ot eessenst et sseeseeens oot ese s 66
8.3 daiauauiuzduiuntswaunssuusellue s ) 66
ANATENEY e A LD BN e 68
AANUAN N, ERUNITHATIETRTBIIUT oo 70
AANUAN 2. TUSUNTNTATVEMRIETUS oo 74
MIANLAN A, UNAMNNITIATIETRNETIURNNMING o 110
UTEARGUTEU oo 17

71T



N3N 2.1
AT 22
A3 6.1
N9 6.2
A3 6.1

P
AN 7.1

a1ty

win
FUULLEBITBHR coovvvveecereiccriresfessssssssssnssne st 5
ANTIVUANRNTAINITNA oo s 7
AN HUA LA NS USAUTDIANEITUSATY oo 37
PN LR N AT NA TR QNG o 37
HANNFUTELTLRENTUST .oooovereveeeeseees s 59
ATUNANNTIATIEVRVEITUTT ooevvre e 64

LITIY



anTtitynndsenay

win
AULTENAULBINTEAMIBIANNIBUNG oo 6
deudmfulsunsuvanluntsaudayauasacunu
NIEANMBIANNIBUNG .o 8
AIUNNIFUURLDBATHATOYR .ooooooccvvvvvcvrvcrrrerreereree e 9
Tsunsne et TUNITFUEBYR oo 11
FBENNTBYRRVEITUBT ... neerne e 16
USTNNTBINITIEYFIVUAAR ..ooovovoernninsssinseseneeeessesssessesssssssneessessene 18
';Tum'aumsﬁzg@ﬁmamuﬁ ............................................................................. 19
7S NI T e [ SEMANRING Y o S |, ORORoe 24
FBtNAETUFS AT EITUSTE NS Normalization W&A ............. 28
BN NATRARANMMUIUY o 33
RN TFVNANREAT VMMM s 34
AL NS INAIMETIUNARIIUBR ..ot 34
ARBENINTAINAIINTAIUNNTUIUB oo 35
AL NI INTANITUNNTIIUGT ..ot 35
NP LSEINNUBIAWVHURINAMN oocovvveririrmvntinnecerisiieneensiosteseenseserssseessosanns 39
NIINATRARAINUUIUBUTBILARRFI NI ceoriitccsiineiiormnnnsnmmmenneessnassesnnnns 43
nmwﬁhﬁﬁmmuLLuW‘T'wamﬂﬂﬂrimj ....................................................... 46
NIMNANMNITITIAARANT ... B e 49
NITHAVIMINTBIARARFINT oooecvererrceninenrerceesrecsssissessssssssessseseseessenn 52
NIMARANIIUNITIIUFTIBIUARBFINT oo 56
NINANNANAUTITNTNAMNYNFABILAT A LA LILLA
TUNIIFRRULR oo 58
VAN LT TUNTNAATIEMRIENTUTT s 60
aanndmiuleuteyaa e ulidg s udaya e 61
%mwéw%uﬂawﬁ’mgamamuﬁ?ﬁ'ﬁmmmmqmu ................................ 61
L NANEITUAULAEN MW ANEUSIAUTBIANETUST oovvvveeeceevceereneernnsnns 62



uny 1

UNUI

1.1 AnuasanNaanaastioma

Tudaafulsinainaeniamasinidluninisineg  agundneeny  iRedaaiRngse.

AN uazAaTNmaEa Uiy aanindansinnninasuinmadungaaluntsiteui

.

ayasavitaidiulaavinld  lidranduniedia

Ao nMemmagauazEus Juduiinisiga]

o
a o <

Aamgiumuimeny Wie tsfasdedvantufistantsuaranitunisluanet walulaqlul

b
2
'3

MIATAReLAEELATAs AT R sufasaneen  aunsafienainaetands
sazilamatananals Samawizdaenaisifsatatmaud iy ayadudinue Az
Heidayadredslunreamaney sazmnlsesuasianuismiclilionn  sadu JAeany
ATAINUATANNGNSEdluATEIAdaUATLIIus  AvAdsiininiiaenfased Faflunaluiad
AdussdnBnanand wanannd anusigdvinetenadisesnatuladneninmeiin
e fgunsalrennidues Ansn-nurdaaAnatuazaoniunisiuingas au nszane
Adnnsefing DiciTizer) Judugunsafiudayad-qiaiasnaninmasuuueaulayl Oniner 1
Wladeyadviviflunismssasuatuusininniinisidaunuives (Scannen duteyaste
2o <

musnus Fuunssanndtgraninwad Ae dayainat Ardeniinanugnseiunimema

aau uaraslanialunistiadananataasldauin

1.2 HaUASEANsngRg
1.2.1 COMPUTER DETECTION OF FREEHAND FORGERIES, ROGER N.NAGEL

AND AZRIEL ROSENFELD, IEEE TRANSACTIONS ON COMPUTER. VOL C-26, NO. 9,
SEPTEMBER 1977.

Bfetiduntmrmeseuaamuiiudasnans  JufunimmeseLateE ULy
aanlayl (Off-ine) TnelddndnT2eTUIn (size ratio) UazANTNIAEN (slany Te9a1etduUs o
Sufuazinnie  Automanc *hresholding ROLENANEIEURaNINANANANER, Anatysis  of
projections \RaRAnAsULie (segment) aeusaanuLFnuANLNg  (verical zones),
Detection of tall letter ‘.‘/G‘i;'a WL {segment) ﬁaé’nm&uﬂﬂmﬂuﬁwmmuLmefau {horizontal

1
al

zones), UWATITLFIENEINNIUIAENINUANAIAZNATENRIENTUR IngaNNAdImMILINaNtLTue



wuasnaednls  Anuanimsasulaalindudeyaruinidn wudn mwAsetiatunsonsam
7~ v 1 of :l’ lﬁl k3 - o [ )

anggusilaanliiduetng Ae lunimesssafiumn Jeldanainusai 6 aelTus uazate

wudaan 9 ategus wudn  AvadslumAiamsianuauianidgnieaviniy 92% uas

g r o

ANAAE LUNNTAANLA LI WALARVIAAY 100% darulunimasaenied 2 Feldanaausiag

b 4

5 RIEIUA UWRSANUITUALAEN 5 AELIUS WUIMATNITOATSYRNEIUFAR N IADNFaY 38%

]

LAY AatigusUaan 100%

1.2.2 SIGNATURE RECOGNITION THROUGH SPECTRAL ANALYSIS, CHAN F.
LAM AND DAVID KAMIN. PATTERN RECOGNITION, VOL 22, NO.1, PP. 39-44, 1989

mu"ﬁuiﬂun%“lﬁi ~ast “ourier ransformation ndmmawuﬁﬁﬁ'\m? normalization &2
Uil frequency domain WAnA4tAaen harmonic amplitudes udnwoustaudiuldlunia-
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aaulal Anuammasaslaaldatagusaie 8 aMuausvasAns 1 AU WATANHLTUALASY

104684 19 AU AL 8 METUF WUINTERTIAINTANATIA 2.5%

1.2.3 HANDWRITER IDENTIFICATION FROM ONE-BIT QUANTIZED PRESSURE
PATTERNS, K.P. ZIMMERMANN AND M.J. VARADY, PATTERN RECOGNITION, vOL
18, NO.1, PP. 63-72, 1985.
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1.2.4 ON-LINE RECOGNITION BY DEVIATION-EXPANSION MODEL AND
DYNAMIC PROGRAMMING MATCHING, CHANG KENG LIN, KO-CHIN FAN AND
FRANK TZE-PA LEE. PATTERN RECOGNITION, VOL 28, NO. 2, PP, 2569-268, 1993
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program MyProgram;

{$8 main.res}

uses WinDos, Strings, WinTypes, WinProcs, WCbjects, StdDlgs,wincrt;
const

id_menu = 100;

cm_save = 101;

cm_clear = 102;

cm_Analysis = 207;

cm_SPlot = 301;

cm_SDraw = 302;

cm_GPlot = 401;

cm_GDraw = 402;

type xy = record

X . Integer;
y . integer;
end;

reco = record
na : string(28]; {array(0..25] of char; }
s¢, co : real;

end;

type
TMyApplication = object{TApplication)
procedure InitMainWindow; virtual;

end;

type
PMyWindow = ATMyWindow; .
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TMyWindow = object(TWinaow)
line:array(0..3000] of char;
codinate :array([1..2000] of xy;
buf:Array{0..3000] of char;
DragDC: HDC,
ButtonDown,CheckWrite: Boolean:;
ThePen: HPen;

PenSize: Integer,;

f,signdat,temp fext

flag, found_s - string;

name - string(25];

n : array [0..25] of char;

t_streke, c_stroke,b : array i0..1] of char;

€X, ¢y, x_temp, y_temp : array (0..3] of char;

ct, t_temp : arrav {0..8} of char;

rt_stroke, rx_temp, ry_temp, ri_iemp . integer;

stroke, x0,x, y0, v, t0.t, us. as , sO : integer;
code1,code?,coded,coded, codeS, code, code7, code8 : integer:
t_dif, tot_time, x_dif, y_dif, s_dif, i_radi, s_flag, t_flag : integer;
x_tempOQ, y_tempQ, t_tempQ : integer;

XCO, ycO | integer;

rs, m, radi, tot_sx, tot_sy, tot_v, tot_a : real:

total_sx, total_sy, total_v, total_a : real;

sX, SY, v, a : integer,;

d, temp_d,i . integer,;

temp_x, temp_y, temp_v, temp_a, tot_score : real:

s : array(0..1] of char;

X, ry, rv, ra : array{0..16] of char;



w_flag,r_flag : string;

direct : array(1..1000] of integer;

res : arrayi1..20] of reco;

constructor Init{AParent: PWindowsObject; ATitle: PChar):

destructor Done; virwal;

procedure cminputivar Msg: TMessage);
virtual wm_First + cm_Input

procedure cmAnaly(var Msg: TMessage);
virai (rvm_First + cm_Analysis;

oroceaure cmSPlotivar Msg: TMessage);
virtual cm_First + cm_SPlot;

orocedure cmSDraw{var Msg:TMessage);
virtual cm_First + cm_SOraw:

orocedure cmGrPlotlvar Msg: TMessage);
virtual cm_First + cm_GPlot;

procedure cmGDraw(var Msg:TMessage);

virtual cm_First + cm_GDraw;

end;

var Hr, Min, Sec, Hund : WCRD;

{ )
\ l

{ TMyWindow's method implementations: }

{ }

constructor TMyWindow.Init{AParent: PWindowsObject; ATitle: PChar);
begin

TWindow.Init{AParent, ATitle);
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ButtonDown := False;

Checkwrite := False;

Attr.Menu := LoadMenu(HInstance, PChar(id_Menu));
ThePen := CreatePen{ps_Solid, 2, 0); ’

end;

destructor TMyWindow.Done;
begin
DeleteObject(ThePen);
TWindow.Done;
end; .

1
{ }

{ TMyApplication's method impiementations: }

1
L

{
procedure TMyApplication.InitMainWindow:
begin

MainWindow := New(PMyWindow, Init{nil, ‘Signature Analysis Program'}};

end;

{
\

—

{ Main program: }

I
1

——

Var MyApp : TMyApplication:;
begin

MyApp.Init{' MyProgram');
MyApp.Run;

MyApp.Done;

end.

procedure cminput(var Msg: TMessage});
{$R patt.res}

const



cm_save = 100;
cm_clear = 101;

type xy = record

X . Integer;
Y @ integer;
end;

type
TMyApplication = object{TApplication)
procedure [nitMainWindow; virtual;
end,
type
PMyWindow = ATMyWindow;
TMyWindow = object(TWindow)
line:array(0..3000] of char:
f ‘text;
codinate :array(1..2000] of xy;
buf:Array[0..3000] of char;
i,stroke :integer;
DragDC: HDC;
ButtonDown, CheckWrite: Boolean:
ThePen: HPen;
PenSize: Integer;

n : array(Q..25] of char;

constructor Init{AParent: PWindowsObject; ATitle: PChar):
destructor Done; virwal;
function CanClose: Boolean; virtuat:
procedure WMLButtonDown(var Msg: TMessage};
virtual wm_First + wm_LButtonDown:
procedure WMLButtonUp(var Msg: TMessage};

virtual wm_First + wm_LButtonUp;



procedure '‘WMMouseMove(var Msg: TMessage);
virtual wm_rirst + wm_MouseMove;
ptocedure WMRButtonDown(var Msg: TMessage);
virtual cm_First + cm_save;
procedure clear(var Msg:TMessage);
y virtual cm_First + cm_clear,;
end;

var Hr, Min, Sec, Hund : WORD;

{ }
|\ f

{ TMyWindow's method implementations: }

{ }
{ L

constructor TMyWindow.Init{AParent: PWindowsObject; ATitle: PChar);
begin }

TWindow.Init{AParent, ATitle);

stroke = 0;

ButtonDown := False;

Checkwrite ;= Faise;

Attr.Menu := LoadMenu(Hinstance, 'menu');

ThePen := CreatePen{ps_Solid, 2, 0);

strcopylline,"');

i=1;

assignt{f;'fuilsign.dat');

appendf};

streopy(n,'No name');

end;

destructor TMyWindow.Done;
begin

DeleteObject(ThePen);



TWindow.Done;

end;

function TMyWindow.CanClose: Boolean:
var
Reply: Integer;
begin
CanClose := True;
Reply := MessageBox(HWindow, ‘Do you want to exit?' ,
‘Signature Analysis’, mb_YesNo or mb_lconQuestion):
if Reply = id_No then
pegin
CanClose := False;
cloself);

end;

procedure TMyWindow.WMLButtonDown(var Msg: TMessags);
begin
if not ButtonDown. then
begin
ButtonDown := True;
SetCapture(HWindow);
DragDC := GetDC{HWindow);
SelectObject(DragDC, ThePen);
MoveTo(DragDC, Msg.LParamLo, Msg.LParamHi);
SetTime (0, 0, 0, Q);
end;

end;

procedure TMyWindow.WMMouseMove(var Msg: TMessage});



var s:array[0..10] of char;
time, d:integer;
t:array{0..7] of char;
begin
if ButtonDown then
begin
if {i mod 4) = 0 then
begin
GetTime(Hr, Min, Sec, Hund);
wvsprintf(S," %4d%4d',Msg.lparamj;
strcat{Line,S);
time := (Hr*36000)+(Min*6000)+(Sec*100)+Hund;
wvsprintf{t,' % 7d’, time);
strcat(Line,t);
end;

LineTo(DragDC, IntegeriMsg.LParamLo), Integer(Msg.LParamHi));

procedure TMyWindow.WMLButtonUp(var Msg: TMessage);
begin
if ButtonDown then
begin
ButtonDown := False;
ReleaseCapture;
ReleaseDC({HWindow, DragDC);
stroke := stroke + 1;
end;

end;
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prccedure TMyWindow WMRButtonDown{var Msg: TMessage);
var |, n_size :integer;

r . array{0..1] of char;

s : array{0..10] of char;

{ n.array{0..28] of char; }

begin
if strcomp(ling,”) <> 0 then
begin

strcopyin, No name'};

if application/ ExecDialog(New{PinputDialog,
nit@Seif,'Name','Inout Your Name:/,
N,sizeofiN)))) = id_OK then
begin
it sizeof(N) < 25 then
Zegin
n_size ;= 25-sizeof(N);
while n_size > 0 do
oegin
streatin, ' ');
n_size := n_size-1;
end;
end;
wvsprintfir,' %2d',stroke);
strcat(buf,n);
strcat(buf,r);
streat(but,fine);
writelnif,buf);
strcopylline,');

strcopy(buf,"});
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i=1
InvalidateRectiHWindow, nil, True);
end;
stroke :=0; .
end;
end;
procedure TMyWindow .clear(var Msg: TMessage);
begin
strcopy(line,");
strcopyibuf.";
=1,
stroke := O;
invalidaterecttHwindow,nil, True);

end;

procedure cmAnaly(var Msg: TMessagei;

{$R tempinp.res}

implementation
constructor Init{AParent: PWindowsQbject; ATitle: PChar);
destructor Done; virtual;
function CanClose: Boolean; virtual;
procedure WML ButtonDown{var Msg: TMessage);
virtual wm_First + wm_LButtonDown;
procedure WMLButtonUp(var Msg: TMessage};
virtual wm_rirst + wm_LButtonUp;
procedure WMMouseMove(var Msg: TMessage);
virtual wm_First + wm_MouseMove;

procedure Analysignivar Msg: TMessage);
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virtual cm_Sirst - cm_analyst;
procedure clear(var Msg:TMessage);
virtual cm_First + cm_clear;

end;

{ .‘

{ TMyWindow's method implementations: }

1
{ }

constructor TMyWindow.Init{AParent: PWindowsObiject; ATitle: PChar);
begin '
TWindow.Init(AParent, ATitle);
stroke = Q; °
3uttonDown ;= False;
Checkwrite := False;
Attr. Menu := LoadMenu(Hinstance, ‘menu’);
"hePen := CreatePen(ps_Soiid, 2, Q);
strcopy(line,""};
assign(signdat, 'c:signdat.dat’);
assign(f,'t_sign.dat');
assign{temp,‘temp.dat’);
assign{result,‘result.dat’);
reset{signdat);
rewrite(f);
rewrite(temp);
rewrite{result);

end:;

destructor TMyWindow.Done;
begin

DeleteObject(ThePen);
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TWindow.Done:

end;

procedure TMyWindow.Analysignivar Msg: TMessage);
var n_size :integer;
r: array(Q..1] of char;
j,max_j,hk : integer;
begin
rewrite{temp);
if strcomplline,”} <> O then
begin
rewrite(f);
streopy(n,'No name');
if sizeof(N) <'25 then
begin
n_size '= 25-sizeof(N);
wnile n_size > 0 do
begin
streat(n, ' ');
n_size := n_size-i;
end;
end;
streat(buf, #30D);
wvsprintf{r,'%2d’,stroke);
strcat(buf.r);
streat(buf,line);
writeln(f,buf);
stroke ;= Q;
streopy(line,™):

strcopy(buf,”);
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P=1;
closeff);
reset(f);
read(f,b,t_stroke,b);
flag .= 'f"
val{t_stroke, rt_stroke, codet);
read(f, x_temp, b, y_temp, b, t_temp, b);
val{x_temp, x0, code3);
vally_temp, y0, coded);
val(t_temp, t0, codeb);
writeln('x ', x_temp," vy ',y_temp, ' t ', t_tempi;
h=1Tk=1
while not eoflf) do
begin
read(f, x_temp, b, y_temo. b, t_temp, o);
val(x_temp, X, code3);
vally_temp, v, coded);

val(t_temp, ¢, codet);

x_dif := x-x0; {sx}
y_dif := y-y0; {sy}
t_dif ;= t-t0;

us :=(sqr{abs{x_dif))}+{sqriabsly_dif)});
rs .= sqrt{abs(us)); {v}
as := roundrs);
s_dif := as-s0; {a}
if t_dif >= 0 then
begin

SX = sX + x_dif;

sy = sy + y_dif;

vV =V + 3s;

a =a + S_Glf,

kN
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ot_dme .= ot time + t_dif;
if x_dif = 0 then
begin

if y_dif >= 0 then

d:.=1i
else
d:=5;
end
else
begin

m ;= abs(y_dif/x_dif};
radi "= (({arctan(m))*2Q)/Pi)*9;
i_radi := round(radi);
case i_radi of
0..20 AR
N .20 Y RS
71..110 d
111160 : d:=3;
161..200 : d:=7,
201.280 : d:=6;
251.290 : d.=5;
291.340 : d =4
341.360 : d:=3;
end;
end;
directfk] := d;
writeln(resuit, d);
K= k+1;
end
else

begin



d:=9;

writeln(resulit, d);

direct{k] := d;
k= k+1;

end;

X0 = x;

y0 =y,

0=t

sO := as;

flag := 't';
end;
total_sx := sxftot_time;

total_sy .= sy/tot_time,;
total_v = v/tot_time;
total_a = aftot_time;
cloself};

closelresult);

w_flag := 'f';
reset(signdat);

append(result);

while not eof{signdat) do

begin

read(signdat, n,b);

read(signdat, c_stroke,b};
val{c_stroke, stroke, code?2);

if ((stroke- <= rt_stroke+1) and (stroke >= rt_stroke-1)} then

begin

s_flag = O; t_flag .= 0;

read {signdat, cx,b, cy,b, ctb};

vallcx, xQ, code6);
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vallcy, y0, code?);
vallct, 10, code8);
init_x := x0;
init_y := y0;
while not eoln{signdat) do
begin
read (signdat, cx,b, cy.b, ct,b);
val(cx, x, code6);
vallcy, y, code7);

vallct, 1, code8);

x_dif = x-x0;
y_dif := y-y0;
t_dif ;= -0,

as ‘= {sqrlabs(x_dif))) + {sqr(abs(y_dif)));
rs = sqrt{abs(us));
as = roundirs);

s_dif ;= as-s0;

if (t_dif >= 0) then
begin
SX = sX +-x_dif;
sy .= sy + y_dif;
vV =V +as;
a = a +s_dif;
tot_time .= tot_time + t_dif;
if x_dif = 0 then
begin
if y_dif >= 0 then
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end

else

begin
m = absl{y_dif/x_dif);
raai = {{{arctan(m))*20/Pi)*9};
i_radi := round(radi);

case i_radi of

if {{{x-nit_x) >{temp_x-temp_ix-10)) and ({x-init_x)<{temp_x-temp_ix+10C))) then
s_flag ;= s_flag+1;
t_flag := t_flag+1;
if directlk] <> 9 then
begin
if (direct{k]>=d-1) and (direct{kl<=d+1} then
s_flag ;= s_flag+1;
k= k+1;
end

t_flag ;= t_flag + 1;




segin
resljl.sc := resfjl.sc+tot_score,

res{jl.co := resfjl.co+1;

if r_flag = 'f' then
oegin
while {j <= 20) and (w_flag = 'f') do
oegin

if res{jl.na

segin
-esfjj.na := name;

resijl.sc := tot_score:

1]

resfjl.co ;= 1;
w_‘lag "= T

end;

else
readin{signdat);
end;
forj:= 10 20do
begin
if resfjl.co <> Q then

res(jl.sc := resljl.sc/resijl.co

' then
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else
resfjl.sc := 0,
end;.
max_j = 1;
forj:=21t0 20 do
begin
if res{max_j}.sc < resfjj.sc then
max_j ;= j;
end;
if res[max_jl.na =
writeln{temp,'No Signer match
eise
begin
scr .= string{res{max_j].sc;

flag := 'f";

' then

while (not eof(signdat)) and (flag = 'f') do

begin
readIn{signdar,n,b);
if n = resimax_jj.na then
begin
DragDC := GetDC(HWindow);
SetectObject{DragDC, ThePen);
read{signdat, c_stroke,b);
val(c_stroke, stroke, codel};
10 := 999,
while not eoln(signdat) do

begin

read (signdat, cx,b, ¢y,b, ct,b);

vallex, x, code2);
vallcy, y, code3),

vallct, t, coded);
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{ }
Procedure TMyWindow.Paint{PaintDC : HDC; var Paintinfo : TPaintStruct);
begin
if application”.ExecDialog{iNew{PinputDialog,
init{@Seilf,'Name','Input Your Name:’, .
N,sizeof{N})})} = id_OK then
begin
f_flag = 'f",
assign(f,'c:signdat.dat’);
reset(f);
10 = 99;
while not eof(f} and (f_flag = 'f') do
begin
read(f, name,b);
if N=name then
begin
s .= name;
read(f, c_stroke,b);
vallc_stroke, stroke, codet);
while not eoln(f) do
begin
read (f, cx,b, cy,b, ct,b);
vallcx, x, code2);
valley, vy, code3};
val(ct, t, coded);
if t<t0 then
moveto(PaintDC,x,y)
else
lineto(PaintDC,x,y);
0=t

end;



{ |
\ 7

{ TMyWindow's method implementations: }

{ }
Procedure TMyWindow.PlotX(PaintDC : HDC; var Paintinfo : TPaintStruct):
begin
tdif =0, ttot:=0, x.dif:=0; x:=0;, t=0
if application”.ExecDialog(New{PinputDialog,
init(@Seif,'Name',"Input Your Name:',
N,sizeof(N)})) = id_OK then
begin
f_flag := 'f;
assign(f,'c:signdat.dat');
reset(f);
t0 := 99;
while not eofff) and (f_flag = 'f') do
pegin
read(f, name);
if N=name then
begin
read(f, b);
read(f, c_stroke,b);
val(c_stroke, stroke, codel);
s = "X direction’;
TextOut(PaintDC, 15,8,@s{1],Length(s));
MoveTo(PaintDC,25,25),
LineTo(PaintDC,25,640);
MoveTo(PaintDC,25,640);
LineTo(PaintDC,650,640);
TextOut(PaintDc,700,660, Time',4);

Xco := 25;
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yco := 640;
MoveTo(PsintDC,xco,yco);

while not eoln(f) do

begin
10 :=¢
X0 = x;

read (f, cx.b, cy,b, ct,b);
vallcx, x, code2);

val{ct, t, coded);

x_dif := 900-x;
yco = yco - x_dif; }
x_dif := round((900-x)*(1/3));
if t<tO then
begin
t_dif 1= t0-t;
Xco = xco + t_dif;
LineTo(PaintDe,xco,x_dif);
end
else
begin
{_dif ;= t10;
XCO = Xco + t_dif;

LineTo(PaintDC,xco,x_dif);

end;
0=t
X0 = x;
end;
f_flag .= 't

end

else



readin(f);
end;
end;
cloself);

end;

Procedure TMyWindow.PlotY(PaintDC : HDC; var Paintinfo : TPaintStruct);
oegin
tdif =0, tioti=0 ydif:=0, y:i=0 tu=0;
if application”.ExecDialog{New(PinputDialog,
init@Self.'Name','Input Your Name:',
N.sizeof(N)})) = id_OK then
begin
f_Hag =%
assign(f, 'c:signdat.dat’);
reset(f);
0 = 99;
while not eoflf) and (f_flag = 'f') do
begin
read(f, name);
if N=name then
begin
read(f, b);
read(f, c_stroke,b);
vallc_stroke, stroke, codel);
s .= 'Y direction’;
TextOut{PaintDC,15,8,@s[1],Length(s));
MoveTo(PaintDC,25,25);
LineTo(PaintDC,25,640);
MoveTo(PaintDC,25,640);
LineTo(PaintDC,650,640);
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TextOut(PaintDc, 700,660, Time',4);
xco := 30;
yco ;= 640;
read (f, cx,b, cy.b, ct.b);
val{cy, v0, code3);
;/al(ct, t0, coded),
y_dif := round({600-y0)*(1/3));
MoveTo(PaintDC,xco,y_dif);
while not eoln(f) do
begin
read {f, cx.b, cv.b, ct,b);
val(ey, vy, code3);
vallct, t, codedy;
y_dif ;= y-yQ; !
y_dif := round({{800-y)*(1/3));
if t<tO then
begin
i dif ;= 10t
XCo = xco + t_dif;
LineTo(PaintDc,xco,y_dif);
end
else
begin
t_dif := t0;
XCo = xco + t_dif;

lineto{PaintDC,xco,y_dif);

end;

t0:=t

y0 =y,
end;

f_flag ;= 't';
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and
eise

readin(f);

end;
cloself);

end;

Procedure TMyWindow.PlotV(PaintDC : HDC; var Paintinfo . TPaintStruct);
begin
rdif :=0; ttot'=0; x_dif: =0 y.dif:=0
if application/.ExecDialog{New(PinputDialog,
init@Self,'Name','Input Your Name:",
N,sizeoi(N}))) = 1d_OK then
begin
f_flag .= 'f"
assignif,'signaat.dat');
reset(f);
t0 := 99;
while not eofff) and (f_flag = '¥') do
begin
read(f, name);
if N=name then
begin
read(f, o);
read(f, c_stroke,b);
val(c_stroke, stroke, coael);
TextCOut(PaintDC, 15,8, Velocrty', 8);
MoveTofPaintDC,25,25);
LineTo(PaintDC,25,64Q);
MoveTo(PaintDC,25,640);



LineTo(PaintDC,650,640);
TextOut(PaintDC,700, 660, Time',4);

xco ;= 30;
yco := 640;
old_rs := 0;

MoveTo(PaintDC,xco,yco);
read (f, cx,b, cy,b, ct,b);
val(cx, x0, code2);
val(cy, y0, code3);
val{ct, t0, coded);
while not eoln(f) do
begin
read (f, cx,b, cy,b, ct,b);
valicx, x, code2);
vallcy, vy, code3);
vallet, t, coded);
x_dif := sqrlabs{x-x0});
v_dif := sqgr{abs{y-yQ));

us = x_dif + y_dif;

rs := abs{us);
rs = sqrtirs);
us = roundl(rs);

yco = yco - us;

if t< t0 then
begin
t_dif := t0-t;

XCO = XCO =+ T,
Lineto(PaintDc,xco,yco);
end
else

begin

L0
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begin
read(f, name);
if N=name then
begin
readl(f, b,
read(f, c_stroke,b);
val(c_stroke, stroke, codel);
TextOut(PaintDC,15,8,'Acceleration’, 12);
MoveTo(PaintDC,25,25);
LineTo(PaintDC,25,640);
MoveTo(PzintDC,25,640);
LineTo(PaintDC,650,640);
TextOut(PaintDC,700,660, Time',4);
xco = 25;
yco := 640;
MoveTo(PaintDC,xco,yco);
read {f, cx,b, cy,b, ctb);
vallex, x0, code2);
val(cy, v0, code3);
vallct, t0, coded);
while not eoln(f) do
begin
read (f, cx,b, cy,b, ct,b);
val(cx, x, code2);
vallcy, vy, code3);
vallct, t, coded);
x_dif := sarlabsix-x0));
y_dif := sqrlabs(y-y0));
us = x_dif + y_dif;
rs = abs(us);

rs = sqrtirs);
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us = roundfrs);
if t<t0 then
begin
t_dif .= t0-t;
Xco := xco + t_dif;
s_dif .= us-sQ;
yco := yco - abs(s_dif);

Lineto{PaintDC,xco,yco);

end

else

begin
t_dif 1= t=0;
s_dif ‘= us-s0;

Xco = xco + t_dif;
yco := yco - abs(s_dif);
lineto{PaintDC,xco,yco);
end;
it t_dif <> Q then

old_us := {old_us+us)/t_dif;

0=t
s0 := us;
X0 = x;
yo =y,
end;
f_flag := 't
end
eise
readin(f);
end;
end;

close(f);



Procedure TMyWindow.PlotD(PaintDC : HDC;
begin
= dif := 0
if application” ExecDialog(New(PinputDialog,
init{@Self,'Name', Input Your Name:',
N,sizeof(N))}) = id_OK then
begin
f_flag := 'f";
assignlf, c:signdat.dat’};
reset(f);
while not gof(f] do
begin
read(f, name);
if N=name then
begin
read(f, b);
read(f, c_stroke,b);
val{c_stroke, stroke, coder );
TextOut(PaintDC,} 5,8,"Direction’,9);
I\/loveTo(Paint'DC,25,25);
LineTo(PaintDC,25,640);
MoveTo(PaintDC,25,640);
LineTo(PaintDC,600,640);
TextOut(PaintDC,660,660, Time',4);
xco := 25;
yco .= 64(0;
MoveTo(PaintDC,xco,yco);
read (f, cx,b, cy,b, ct,b);

valtex, x0, code2);

var Paintinfo

: TPaintStruct);
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val{cy, v0, code3);
val{et, 10, coded);
while not eolnl(f) and (f_flag = 'f') do
begin
read {f, cx.b, cy.b, ct.b);
val(cx, x, code2);
vallcy, y, coded);
val(ct, t, coded);
if (x-x0} = Q then
begin

if (y-yQ) >= Q then

d:=1
glse
d:=5;
end
else
begin

m ;= {y-yQ)/ix-xQ);
radi := (({{arctantmj)* 180)/Pi);
i_radi := round(radi);

case i_radi of

0..20 :di=3;
21..70 cd =2
71.110 cdi=1,;

111..160 1 d =8
161..200 cdi=7,
201..250 :d =6
251..290 1di=5
291..340 cd =4
341..360 :d:=3

end;



109

end;
if t<t0 then
begin
XCO = XCO + t;
lineToiPaintDe,xco,yco-(d* 10));
end
else
begin
t_dif = 0,
XCo .= xco + t_dif;
fineto(PaintDC,xco,yco-(d* 10));
end;

0=t

else
readintf);
end;
{  InvalidateRectiHWindow, nil, True);  }
end;
close(f);

end;
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Sigranre data are ca-line recorded
Fimally, we calculated x-direction,

data. From the result, we

different charscteristics even velocity, accerelarion, direction and number
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