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Abstract

Signature has been used to indentify person for a long time.Many attemp has been made to verify
signature by computer instead of human because computer is much more accurate.But the hardest part is to
make the system flexible because one’s signatures is not indentical ,they are similar and how similar they are is
depended on how often the signer use it and how long he sign it for the last time till now.

This project uses GRNN'as mapping Function from input to output to verify signature.Each
parameter of the network and system threshold is found by features of the signatures in the database
themselves. Because each one person’s signatures are not the same as the others.This project is the on-line

system it means that every input is recieved on-line via digitizer and stylus pen in forms of x andy

coordinates. We obtain 90 percents acceptance of real signature and 76 percents rejectance of fake signatures.
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59.73494 10.21206
68.41232 4.89692
69.17806 4.70649
69.94378 4.51406
70.70950 4.32262
71.47523 4.13119
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72.24096 3.93076
73.00669 3.74833
73.771242 3.66689
74.63815 3.36646
76.30388 3.17403
76.01187 1.00000
76.14239 1.00000
76.27201 1.00000
76.40343 1.00000
76.53395 1.00000
76.66448 1.00000
76.79500 1.00000
76.92662 1.00000
77.05604 1.00000
77.18656 1.00000
77.31709 1.00000
77.44761 1.00000
77.57813 1.00000
77.70866 1.00000
71.83917 1.00000
77.96970 1.00000
78.10022 1.00000
78.23074 1.00000
78.36126 1.00000
78.49179 1.00000
78.62231 1.00000
78.76283 1.00000
78.88335 1.00000
79.01387 1.00000
79.14440 1.00000
79.27492 1.00000
79.40644 1.00000

037084
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79.53696 T 1.00000
79.66548 1.00000
79.79701 1.00000
79.92763 1.00000
80.06806 1.00000
8018867 1.00000
80.31909 1.00000
80.44962 1.00000
80.68014 1.00000
80.71066 1.00000
80.84118 1,00000
80.97171 1.00000
85.00000 3.17992
85.00000 3.40064
85.00000 363936
85.00000 386908
85.00000 409880
85.00000 4.32851
85.00000 456823
85.00000 4.7879
83.97055 14.07363
83.58768 15.03079
88.20462 16.96795
87.62196 16.946511
87.43909 17.90228
87.05622 18.85044
86.67336 19.81660
£6.29050 20.77376
86.90763 21.73082
85.52477 2268809
85.14190 23.64526
85.06572 35.96714




85.17014 36.91493
85.27456 3686272
86.37897 3.81061
85.48339 3675631
86.56781 36.70610
85.69222 36.66389
85.79664 36.60168
86.90106 35.54047
86.00648 36.49726
8610989 36.44506
86.21431 36.30284
86.31873 36.34064
86.42316 35.28843
8652766 35.23622
86.63198 35.18401
86.73640 35,13180
£6.84082 36.07969
86.94524 35.02738
87.04966 34.97617
87.16407 34.92206
87.26849 34.87076
87.36291 34.81855
87.46732 3476634
87.67174 3471413
87.67616 34.66192
87.78068 34.60971
87.88499 34 66760
87.96941 34 50529
88.09383 34.45309
88.19626 34.40088
£8.30267 3434067
£8.40708 34.20646
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88.61160 34:24425
88.61602 34.19204
88.72034 34.13983
88.82476 34.08762
88.92917 34.03641
101.48032 27.85221
102.97349 27.39277
104.46667 26.93333
105.95984 26.47390
107.45301 26.01446
108.94618 26.66602
110.43936 25.09558
111.93263 24.63614
113.42570 24.17671
13147122 17.88220
132.23695 17.69076
133.00268 17.49933
133.76841 17.30790
13453414 17.11647
135.29987 16.92503
136.06560 16.73360
136.83133 16.54217
137.69706 16.35074
138.36278 16.16930
162.23133 14.00000
163.60964 14.00000
164.96796 14.00000
166.36627 14.00000
167.74468 14.00000
169.12289 14.00000
160.60120 14.00000
161.87952 14.00000
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163.26783 14.00000, .
168.26606 12.00000
168.63936 12.00000
169.41365 12.00000
169.98796 12,00000
170.66226 12.00000
171.13656 12.00000
171.71084 12.00000
172.28514 12,00000
172.85044 12.00000
173.16676 12.14458
173.65607 12.33601
173.95139 12.62744
174.34771 12.71888
174.74403 12.91031
175.14035 13.10174
175.53667 13.20317
175.93299 13.48461
176.32931 13.67604
176.72563 13.86747
181.00000 1414137
181.00000 14.60080
181.00000 16.06024
181.00000 16.61968
181.00000 16.97912
181.00000 16.43856
181.00000 16.89759
181.00000 17.35743
181.00000 17.81687
180.76976 26.34638
180.39688 26.91968
180.00402 27.49398
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'179.62_1'15

2806827
179.23829 28.64257
178.86542 29.21687
178.47256 29.79116
178.08969 30.36546
177.70683 30.93976
177.3239 31.51406
168.00000 47.03534
168.00000 47.26506
168.00000 4749478
168.00000 47.72450
168.00000 47.96422
168.00000 48,1634
168.00000 48 41365
168.00000 4864337
168.00000 48.87309
167.82865 55.00000
167.44578 £5.00000
167.06292 £6.00000
166.68005 55.00000
166.20719 £6.00000
165.91432 §5.00000
166563146 56.00000
166.14859 56.00000
164.76573 £6.00000
164.38286 £6.00000
164.00000 56.00000
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: 2.2 Hageuiiat34n
2.2.1 uuoﬁﬂ*ﬁuj’lu‘nm Neural Network

Information Processing

Normal tumsFaaneifusefiayoyrnama gl Electrochemical ) i1t Neuron u dunll
wAfz Neuron FURLYEYIUSIN Neuron gu'] Whunllusss Neuon Futygyiniann Neuron'!gu'] NN
FeuneRimeFundt Synapses uNBUEnTzAN. Neuron UNBUYIMEANIa e IeNiT dleansy
viuTiazaaiRun Threshold Neuron 4% fire unzsatyryrunaliiu neurl networks UARE neuron Az
mresBunn  unncBurmazgnanuy weight AFuulATUATIILUNYES Sapses LATLEBUWYR
Aoty Weight aztiludanivunssdlneanis fire Funds Activation level

Dxw,

fryqnnudurmazgnatiiunisralag Activation Function Lﬂﬂﬁ:’lﬂ"d’mmmw’wﬁm Fadlaivin
Mo e::qndqn'ﬁ'lﬂ Activation Function a1aiflu Threshold Function 38 smooth function L Sigmoid
Function W88 Hyperbolic Tangent Function

Neural Network wiiTeyinisams@eufAaemuies ( Seif - Leaming) usznsdnlanafniaie
1wl (Self - organization ) ulAAIIIYLEAIAINTIN NMesusaamgAnssIMTAINBt1Y Tuuses

Neuron

- X
uu’)ﬂﬁﬂuj’lu
Neural Network ﬂt\W\ﬂﬂﬂﬂﬂNﬂ?:ﬁ’\ﬂLlUUilu’\u (Parallel - Distribution) ﬁu ;’Odeuﬁz connactions

3 ) . ] o . - 1o ' .
4TUAN WAAZ Connection 391N node LN node Wikiunz3 Weight AnegiuuAsz Connection



inpatlayer  hiddon lapsf  hidcdenlayer  ontpullayer

M38¥ N Neural Network Rnaasielali]

- ﬁm?mqmﬂwﬁnm Network : topology 184 Network , 1184 Connection order B8R
Connection URLYOLIIAEY weight

- ARz uauTATEY Node : TBLILIATEN Activation UAZ Activation Function

- W9170U1 system dynamic : 3N initislize weight , §AINITATUIUNTT Activate UATNANNFTEU

f {learning rule}

Qmﬂuﬁim Network

topology T84 network Mtk Tasseussns@euressinatu Tanainenanuualag
4T layer KA node TULARE layer UTELN fayer AT

Input layer

Hidden layer

Qutput layer

tnput unit sitlszyadeynusazsainuTayalilifa layer 81 Hidden layer aztdlu nonlinearity 3%
22U €U Output layer IUNFUSAINA

i srssme@earasouinaiu Network 819Ul Feed Forward Wi Recurrent L62879
eariowy Symmetrical ¥ie Asymmetrical Aatisnasielyil

- FeedForward Network : WARE connection #hh‘hﬁnnwtimﬁu (@7 Input Layer W Output
Layer)

- Recurrent Network : 3ins Feedback 178 Loop



- Symmetrical connection : M7ANANATAG (13l connection 49N node i "] j a3 connection 41N j
W i uBUAE weight LA connections Suazinfu (wy = Wy

- Asymmetrical connection : hidunng

connection $XUIN node AW Layer 38Nn91 [nterlayer connection fausewiN node u layer
WearfuiFandn intrelayer connection ,ﬂmn node MNERAALENEFENGN Self - conection URY connection
223 node TuAN laver Tieglndiu (aiegAnity Fundn suprelayer conneation  Connectivity W1tk
Y] node W fayer 187 azRnsarinng node T layer Gt

High - order connection WAIT connection TsauBumnannuane] node Tnumsgauiu 4muau
aeBuwniluAquan order T8N Connection ¥4 order 789 Neural Network A8 order Tigefign Taugauann
Neursl Network (Ju First order

Connection Weight 8191518 UIMIT T MUY uszmaaﬂmhﬂnﬁowﬂq Weight 1J#u
X 0us Train Network (518 Train udawauainnasazilAnad

ATANLIAYDY Node

Activation Level 184 node 8196w discrete WinuuuAadasn s lutaatu [ 0,1 ) wieli
'i'\ﬁmi‘;umjﬁu Activation Function ﬁlaﬂnﬁ',ﬁ’uﬂu Hard - limiting function , Activation level Euiu 0 { I
-1) vise 1 dudu sigmoid function , Activation q:ﬂq"lwdw (0,11

Sigmoid Function : Fix) = 1/( 1 + ¢ )

Suilu Activation Function Baifuszhianrinn

System Dynamics
* 4 . -l' o -‘ ]
MSNIMUAAT weight STTUNLILLILIYEN Neural Network fRenuAgIUNINAT random
! [ P o . . .
Leaming rule az1iueNAENAlfIaN HesnssAUMsIIMLAZMIATUIMIIN TUWANZNT oY
WENNT train
P w v-‘ . . - - -
ilel¥iNeural Network witloywn nadnFazetii Activation Level Tenieninmyiin udiodsiniz
] [ 4 - - 4
wiuenae Siaanidi Lemon orange LAY, spple Nueral Network Q231 3 iemiymyiinunu 3 wtia diai i
"Ahj - 9w f v . v v v - -
srunuunuelibinewaiia Saynaznudm inut laver uazunsinwmi dueningiiniiunu
0 o . . s ] :
apple TlA1TEAL Activation annfiganalihiuAe apple
. 'Y » . ) L R o~ . . o - X -
W7 trein AEARAlENIPAMIUILINBERINIIZIREITANT L AL IR Activation FINATUATIURY
J -‘ ¥ -‘ . o~
ATRBINSIAEM eror Wun I lumnifuan

szALITEN Activation TevBummyiia hiRessnnnusaldaniaysdousadnmuuaziewivng



1 axAnIN Activationtierid 7ty Sigmoidﬂﬁi"g 32AU Activation (o) 28T j ATAMIAIN
=M1+ o-(z,w,x'- 9)1
e x AeBummaanglin i W, Ae weight 114 connection ATl i andyylin | use 0, s
Threshold Teagtin |
lunseilens Hard - Limiting aridu @ vinazidann
Oi =1, leixi > Gi
0, Zwy, teunindewiviu 6,

TuulemssiuA1rzAuees Activation T894 node 18113

Inference and Learning

Tumesissuy Al AEaseudindn aninaadmeusstd

1. tﬁﬂnuuﬁmqﬁo?qmﬁuﬁﬁ"nﬁmm:ﬂuﬁuﬂtum

2. afatlosaurlindfn

3. N2 Train tareudindfn amdtnirFmdeesepluwnmeediniin fden

4 Wiaseudiniind Train udnndetiadt ( Inference ) WieutlTopn Shusildlinels 19
néaimenladuneuikiml

mefuasiuuerndinduifiegaztenlifansan network Funnzaummaménnseanuuyls
uszszifangy suumsAuaniimnzafigadgmiung leam uaznsiiade

i} training phase m?a learning ) YA 2EX Training instance "v'uqnﬁwum.m’az training instance
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gniaue ludnmeus (1001,1010] usz(001] WinnFuRudasneimmasmuuianzsade wugunl
random)  Tosaudin@Fnazgn train efiezilfudnes el nizniadtitraining instance) Tan
mrulasusaniuwiasseums rein tansuemBlsdtiiudndin  fuohlidanamefient
w1 FeashanuBeydieutuea mefianiymAReana desired output vecton) drmraFelindiReiulun
Fatandl error fuwiaziemiyinazgnAmnuez1lune wdste A relevant weight 1u
multilayer network error 97N hidden unit sZlalgnfanmiulAlaunese wisegnulzzdiilfdan heurstic uN
ptie uinzmMrlAnuwlaaramasgnuiadianinli emor ann leyniiennadinstance) grvasey
network Az feifiadnusnuasintindnen fufuiutu) ashilirenetaiedeaunt

. o o
UssAndnmenrzuy (umentes emor magnitude) azegluszAuimimela  lunmasearfen
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arror criterion SIAXQANIFAARNTEWINMS training B84 criterisfign 1@ wmiunisg emor 1Aun
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AUNUINAR sum of squared error

2
Epzx(rlp -0y )
- - ' - - e . - o
Tne T, unz 0, WhieniymiAesns uazmmmgquv'hn"a'm unit j TunsAtiaduun
N .
WU p WANAIN Sum of squared error udatradl criteria ﬂu'|mdu cross - entropy AUTNEN
X 2P, 10,0, ) + (1 - P Jlog,(1 - Q)
d . . , "
Tno P uaz 0, dueniynitdesnisesyia j umsld instance P uazAn probability seviemi
o . .
iukeaderegila j Aumsldlu instance P
] 5 [ ] »
Tunepunniees network emor lisnansafunaléinsy training instance WuERlignAumuAa
o X o . Cd
uadningnAnanien LA lamaiiisnas leaming ) daazvinnng update tmTaem e heuristic
[} [ A 4 -
A Mlaasiiazgninanld
1 inference phase, tin@AfnazunddayasnBumnlia output taver Wansundiuiaaueninmy
- Y. ) 4 * ]
Hmazriunadniae inference 1 atlnlsfimsiaunnsinafinasiasgnyinsswing feed forward uay
Ahrt - . ayp o . . . v
recurrent network N7 WA feedback lunsalnaunilfianunsanasnvua clear endpoint Y84 inference 4
1 4
uazfRssntudulddn network 1 stable
4
L4 1 o~ 1] ] J [ 4 [ A
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- o o J Pe - o -
wnufludunm umqn?‘ﬂé’anu‘imuﬁuvmum MiNAzATUIIUATATGN feedback NALTsauiuBunn
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- oo - w, o o ad i" 4 o
szutneiyminzuduuulsisusuasiieuiazthue wiyniaeh Segmivgnimunduge
b 4
endpoint (jnauqn) AN inference network ﬁ process mﬁUﬂzqnG‘ﬂn'i’l Unstable( sliafies)
v J 4. . . .
Hanilntsufnuulesianiemns model AW, general leaming LAY inferance procedure
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aanadnuMTlunis fearn %29 Neural Taavalil

Aaat NIMINT train LY n

1. MR network weight At IUALY i = 1

2. usdrnthadull i Wl¥ur network

3. &unmezAurssaniyngiln nendaenslEdanaditi inference @szusttnemetlal) &
UszAvanmaearin@fnaiudu predefined standard (u’s"dw;“uﬂuqnmﬁmﬂﬁuﬁa) i exit'®
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activation 783 0 AIMINETH ‘no’ Wie “false’ AN activation B RAzTiATBLsEWIN 0 us 1 TlATAzdly
>
meszyAnnaniuhl X eesnniv
U 4 o 1 4 . & 4 z t & -y
ATSlaNNTUERRILeY (contineous) 1T ANMuzTRIegRTdaaRaus 1 T 150 gniinnialaedu
- | & 1] ﬂ & . . . L 4 ) 4 :
Nyiin uazATEeENULAIT Uazgndnt map) oglu unit sctivation TunIvaaestiAfidedliesilas
gn normatize Wingjludnzeudnadi 0 o 1
U 4 ] 1] t Ld
W aisusuLy discrete TR TRalszgnuiseanidhvantdas Inauwiszdasazgnidnein
TnoBurmgiinAanzantarewing a use b (a use b Wuuauss, b>a ) azwisAzenitniusandy
-y ] ] - v -
k 4landl k- 1 9A8YrENiN 8 URZ b my, .., m_, 1I181RIENTMUA m = & URE m, = b lumzdinth

»
[ 4 -

> : v oy o L -
fiunliie festure x 81 m < x < m,, AnTugTinazdinsiaiidond activation 184 1 uszdnvae

+1

83yl zero activation Tunzdiniauuyihu gilnasilen sctivation 189 1 deufimndtesae
friuffuaiennindeninius x duAe m < x Mldaudvindumedntuiiees axihifodennn
Fwikeiiafiazgn activate AnaAatu swiudhelsdmiusReeude meemadhsitsees
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2.2.2 quw:'j'niN- Radial Basis - Function Network

Radial Basis - Function Network (lvfisulanthaannanmefliusnansa train Wataznda,
generality (AusnInlumnlssiasusBunnlAR Kdumilnochaneds ussibinocii ) uszaon
Llgudauneiiu Radial Basis - Function Network SinazgnuFenidiuiy Backpropagation feed-forward
nework Fafhuunildfueand e backpropagation ﬁﬂtumu'%mﬁ'um? training NN 1y
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