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Ugjwwnwtiph punhwtmp punipwughpp

PEluyh  wpphwlwhnipiniip:  dhpohtt  wmwphubkphtt  tjuwwnynd  E
JEuuwspwhwljut tinyhwljwtugdut dkpanutph tjundudp hbwnwppppnipyut b
Yhpuwpnipjub juynit ws: Thtuwswthwlwh mkuuninghwubpp Yhpunynwd B wbdh
tinyuuwiugiui hwdwp oquugnpstin] $hqhnnghwlub jud Juppugsujhi
wnwbdbwhwnlnipnibbp, npnlp jmpwhwinnily kb jmpupwiynip wudh hudwp,
b ppwup htwpunp skt Unnpwbwg, Ynpgul] jud gnnubwpg Sktuwswhwulub
unyhwjwiwugdwt  hwdwwupgipnid - wpwyk] hwdwp  oquuugnpsynid  kh
Shwowlwpwnuuph  Juwd gwbgwpwnuuph  ujwbwynpnidp,  dkpwghp
unnpugpnipjul unnignidp, dwjith jud dwntwhbtwnpbph fwbwsnidp b wyjie

Uju dbpnnubph owppnud E 4dbknwghp uwmnpugpnipjub unnignudp:
Uwnnpugpnipjul punipuqphsitpn mipwhwinnty G b wpulnhynpku skt jupnn
YpYuophtwlyyty: Uy wwuwwmdwnny dknwghpp dhty opu dunud b wnwyl] swwn
ogqunugnpsyny tnyuwjutugdwt dkpnputphg dbip: QEnwghp unnpugpnipjuh
unyhwjwiugdwt dudwbwly hulnipniip hwunwnbne hwdwp Jepgunmd B
thnpdwplynn unnpugpnipjuit puquuphy punipwqphsitp b hwdbkdwngnd tu
unnignpujw unnpugpnipjut htin, npp wwhynwd £ ndjuubph puquynud: Gph
hwuwtbh o dh pwlh vnmgnpuljul uinnpugpnipmnibibp, wyw dkbwunud k
wnwiudhtt hmnjuthoh sknuut hwuwnwnniimpjut swihp, nptt ogugnpéynid k£
thnpdwplynn unnpugpnipjut ke unugus skindut guuwhwwndwt hwdwp:

Ny pnnp Jhhuwswhwlut dkpnpubtpt ot hwjuwuwpuwbu Yhpwnkh
ntnbunipjut dbg b dpwgpbpnud: Ophtwl] dwwnbwhbwnptph  wbwgnudp b
Shwowhwpwnuiph ujwbwynpnudp fhpunkih skt wpuljnhl owwn phupbpnud,
ophtw]  pwilujht b Phtwbuwlwl  Swowympbbkpmd:  Qbnwughp
unnpuqpnipjull  Swhwsnudp  ingwuwiwugdwt  wpwygl]  htown  pugmibkh
Jhuuwswhwlut  Jbkpny bk Uwnnpuqpdwb  gnpénnmipiniip  hwdpughwnip
pupniudus b unynpulju gnpénnnipinit k wdkopju Jjupnid: Cuwn Enipyuily, phs
hwywbwlwi k, np dwpnhl ghd (hukt hpkug unnpugpnippub ingbulwiugdwip
hudbdwwnwsé niphy htwpwynp JEuuwswihwlwt dkpnnubph: Uw pny) £ wwihu
dinwghp uwnnpugpnipjuit  hwdwluwpgsuyhtt unnignidp  tkpdnist] dh owpp
gqnjnipnth niikgnn wojupwwnwipuyht gnpdphipwgubpnud:

Uwnnpugpnipjut tnytwjuiwgdut hwdwlwunpgp fupnn L oqunugnpéyty
puquuphy pluquunitpnd wpnwnpulwihg Uhish publught’ weywhndbjng
Juquuitpynipjuip b wthwnikpht nidbnugqué wuwonwywinipnit ubkthwljub



Uhongutiph wuophtiwjut oquugnpénidhg b thwunwpnptph nt gnpéwppubph
ytEpwhulnid, npnup welu kb phqutuh gnnipinit niukgnn yuwydwbbbpnud:

Sthuuininghwljutt  wnwepupwugp  dkdwgpk; E  Jhhuwswhwlwb
hwdwlupgbph &ogpuumpmibp’ nupdubng npubp wowb] dwwnskih npwhu
unytujwbwgdwt Jhiuntbwl] dbpnn: Cunphhy wwwhnynipjut wuwnhdwih,
hupdwpuybunnipjut b pwpdp wbdunuwbgnipjul, npp  wwywhnymd E
JEuuwswhwlwt dbpnnubpl, wyt wppkt htnbuuhy oquuugnpdynid E npno
Spuwgnptipnd wyjpunpuipuyhtt nkutninghwkph htn dpguljguyhtt winwybnipju
wwwhnydwt hwdwn:

Uy  wwwdweny hudnpdughntt  wiunwbgnipjutt  wyuwhngdwi
tyuwwnwlny Adkpwghp uwnnpugpnipjudp wbdh  nytwlwbwgdwt  hnruwh
Utpnnutiph b wignphpdutph dpulnidp hwdwpynid £ wljnniwg jutughp:

Unbiwpununmpyul guunulé F ovuncdbwuhply) b gipnst) dbinwghp
unnpuqpnipjudp wbdh tnyuwwiugdw gnnipnit nibibkgnn dbpnnubpt o
hwdwlwupgbpp, pugwhuwynt] tpwbg wnwybnipnitubpt nt phpmpniutbpp:
Uowljti) dknwighp unnpugpnipjut hwmnljuthputph wnwbdugdwl, hsyku twh
tpwlg hwdbdwndwt tnp b wpymbwdbn wignphpdutp: Unbnstk] dknwghp
unnpuqpnipntibph fwtwgdwb Spugpuyhtt hwdwlwpg, junwupt) tdwbtwnhy
hwdwlwpgbph wpyniupubph hwdkdwnwlw Jipnisnipeni:

ZEnwgnunuwi Ykpnpbhkpp: Stuwljut nuunidtwuhpnipmnititpp hhdudby
Eu pduwyhtt wwwnbkputph dowldwb, JEpnsdwt b Yipwywpbubph dwbwsdwb
dtpnnutiph Ypu: Opwgpuyhtt hwdwlwpgh hpujwbwgdwt hudwp oqunugnpdyty
kU pupdp dwjuppuyh Spugpuynpdwin (kgniukp (C#) b dpugpuyhtt hwdwlwpgbph
unbnddwh dudwbwlulhg dkpnnutp (Microsoft Visual Studio 2012, Microsoft SQL
Server 2012):

Qhwnwluml Gnpoypp: Unweowpyuws t qunpwy, nhtwdhy wndyujutphg
unnpuqpnipjul - wuwnltphg hwwnlwubhoubph  wnwbdbwgdwt  dEpnnubp:
UpwJwd t unnpugpmipiniuutph hwdbdwndwt puinipugpuljut Jennputph
hudwywnwupwikgdwi wpyniiwybn wgnnphped: Uowuljdud ku
unnpuqpnipniuibph ingwlwbwugdwt wignphpdutp’ hhdtuwght JEjunputph
Ubkpnnh SVM (Support vector machines), uwithnn otuh (Sliding Threshold) b hknhtwlh
puwnpws otdh (Global Threshold) ogunuugnpéniuny:

Ghpwnwlwlh  bpwlwlmpmiip:  Unweuwpldué  dbpnpubkpt m
wiqnphpdutpp  pny; Bt wwhu  pwpdpugul]  dknwghp  unnpuqpnipul
tnywjuwiugdwt  hwdwlupgh  wpnwypnquubmpemip  hwdbdunws
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qruljwinipniinid b wpwlinhlumnud  ukpjuyugduws hwdwlwupgbiph  hbwn:
Uunbindyws hudwlwpgp Jupnn kogunugnpsyt) npugbu hhdp' wyu npnpuh hbnwgu
qupquguut hudwn: QEpwghp winnpuqpmipinibubph hwdbkdwndwt dbpnnp poy
E nnwjhu tpwbhwlwihnptt dkdwgul) unyuwljuiuwgdwi wpugmipmniup, poyp b
wnwhu nush] inyuwwbhwugdw punhpp pbwy dudwbtwynud:

Ukpppnidfkp: Unbiwhinunipiub oppwbwlubpnud dpwljjus spuqpuighu
thwpbpp tkpnpyly b <<UkJEL Udwppus>> puybipoipjut Ynnuhg dpwlqus “Focus
Ortho” hwdwljupgnud:

Dupnuyyubanipyubip hkpluyugius ki hnlyuy gpoyphbpp.

«  wnlfwbhoibph wowbdbwgiwh bpkp dbpnpubp  nbwg, qopuy b

nhtwdhly:
+  Uunpugpmpinittiph  hudbdwndwt  punipuqpujut dEjunpukpp

hudwyuwnuwupwtigdu wpynibwytn wignphpd:

«  Uunpugpmpmbbbph  ingbwjwiugdwi  wignphpdibp’  hhdbwghl
Jiyunpubph dbpngh (SVM), uwhnn stdh b hinhtwlh plhwnpws obdh
oquuugnpéniuny:

*  Unwowplwés  hwwnlwuhputnh  wpwbdtwgdwutt  dhpnnubkph L
puntpugpulut Jkjunpubph  huwdwywunwupwibgdwt wignphpuh
hhuwtt  Jpw  Jupmgywé  dknpwghp  unnpugpnipjudp  wbdh
unytwjubwgdwt hwdwlwunpgp:

Uofuunnuliph wypnpughwi
Uwnbkuwjununipjui hhdtwljui wprniupubpp qlynigyty ku
ynuynintpughunnipjmt b hudnpdwughntt  nktninghwiubph  dhowqquypht
Ynudtipwunid (IPCV’12, Las Vegas, USA) b 22 QUU PUMP dwutwghnwugdus b
punhwnip ukdhttwpubpnud:

Zpuyuwpwlinidikpp: Unbkiujunumpjut phduyn] hpuwywpuldl & 4
ghnnujut wowwnnipinil, npnug guulp pipuws k ubindwqgph Jpenid:

Unkhwpinumppul  Jupmgjwépp b Swijuyp:  Uwnblwununipeiniup
punlugws k ukpwbdnipiniihg, kpkp ginijubphg, wdthnihhs bgpuljugnipinithg b 78

widuunud pungpynn gpujutnipyut guiulhg: Usjnwnwiph pughwiunip swduwyp
Juqunud k109 to:



UCTIUSUULLD ZPhULUYUL AN ULIUUNRESORLL
Uwnkuwpnunipiniup juquyws k ubpusnipiniuhg b kpkp qnijutitphg:

Ukpwiénippul dtp  hhltwnpjws E  wunbkbwnunpjub  phdugh
wpphwluunipnip,  Abwlpywés Lu  wwnbbwjununipjut hhdtwlwb
tyuwnwljubpp b ntunidbwuhpnipjut opjkjnttpn:

Unwphli qqpumd  Yuwunwpquws bt Jhuwywhwlwh  hwdwlupgbph
ybpnusnipinil, puplyus ku Jhhuwswhwlwt hwnljuthoutpht tkpjuyugyny
wwhwbettpp: Fipyws b jhuuwswhwlwt nbputninghwibph hwdbdwwnnipniu
JEuuwswthwlju hwnljuuhputpht tipjuyugyny wwhwgutpny:

Spyws i JEuuwswihwlwt  hwdwlwupgh  wpuwunpniujuwimipjut
guwhwwndwt  Jkpnpubpp: Ghktwwywhwlutt  hwdwlwupgh  wpuwunpnnu-
Juinipjut quwhwwndwt hwdwp oquugnpdymid b uppwjubph Eplyne nbuwl:
Apwbp kb 1-ht nhwh upewy GEns dunnid) b 2-py whwh upewy (Yhgs phnnianid) :
1-ht mhyh ujuwyp wtnh k niukunud, Epp ophghtim unnpugpmipiniap upwdwdp
dhunynwd E, husp hwdwyuwunwupwind k£ §ins dundwt qgnpswljghtt (FRR-false
rejection rate), hul] 2-pp mhugh upuwp mbnh Entukund, Gpp §End unnpugpnipniup
futwgymd £ npybtu oppghtiwy, hsp hwdwywwnwujpwinud £ YEns pungniudwi
gqnpéuljghti (FAR-false acceptance rate): UYj. 1-nid ubkpljuyugqué b FRR-h b FAR-h

thnthnpudwb Ynpkpp:

Zudwljupgh upoy

Chuught wpdtp 1

‘Uljup 1: FRR-h it FAR-h thnthnjudwl Ynpkpp
Ljwpugpdus bt dknwghp unnpugpmipnibiibph  tnywuwbwugdwt
wnktninghuyh wpwybmipmniutbpp JEhuwswhwliut wktninghwibph dniu
nbkuwljubph tjundwdp: Uiglugynid E dknwughp unnpugpmipjub hhdwt Jpu
unytwjuwbwgdw dbpnnubiph Jepupbpiu) qpujuinipjut ntuntdawuhpnieini:
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Ephpnpp qiunid dpwljyws Lu dknwghp unnpugpmipyut fwbwsdwb
Ukpnnubp dkpwghp unnpugpmipjudp widh Gnyiwwiugdub  hudwljupgh
Upwjdwtt hwdwnp:

§2.1-nuf dpuiljyky Eu dbknwghp uwmnpugpnipnithg hwwnljuithpubph
wnwbdtugdwl  Gnp  dbpnpbp  hhuldws  unnpugpmipjul - wwnlkph
wpnjkyghwubph, dkpwghp winnpugpnipyub ghundhl b gnpwy hudnplwghuyh
Ypu: Unnpuqpnipjul yuwnltph ypnjijghwitpp (UNMN) unwugynud £ yuwnltph
wpnykyghwibph hwodupluumb dhongny 0°-hg 180°-h uUhol hwjwuwpwswth
puphujws wilpnibubph dhgngny: Gupwnnpkup, pt wwwunltpp wdpnnonipjudp
punugws t N, whpubjutbphg: UNN-u uinwugynd £ N, (Swnwquypitph putul
nju] wbljut hwdwp) gqniquhbn dwpwquypitph & N (wulnibbkph pubwl)
wllniutkph dhongny: Nphpubjubph pughwinip pwbwly, npnup qundnud Eu j-py
Swnwqujph Jpw wywbwlbkup Rj, j=1,.. ,NyNe: UNN-u YJupnn b ubpluyugyl)
htnlyuy Yhpy'

Np

R,=> @, j=12..,N,N,
i=1
npubn @i gnyg b wwjhu Fpn whpubjh dwubwlgnipmiip Fpn Ry —nud: Uy
wuwwndwnny wdkt vh ypnjkighw ywupnibwlnud £ wyt R-kpb, npnup hwpduplynud
Eu wpyus wuljut hwdwp: UNN-h dogpuinipiniup jupudus t No-hg b Ne-hg:

100100
—= S Faf E
1fin

‘Uljwp 2: Unnpugpnipiniup b wypnjkljghwib, hwpguplynd L
0° it 90° wunh&wth whlnikph hwdwp:

Lwhtwwb douldwt pwn wupg b ogqnmuljup gnpépupwg b nhpph
Jupquynpdwtt  hpwjwbugnidp: Yhpundnud £ Gpint  unnpugpnipiniiubph
Yhunpnuutph hwjuuwpbgnudp: Uju dbpngt hpwjutwgynud k unnpugpnipjui
wukl wnwudht YEnhg x b y Ynnpphtiwntbph dhohtt wpdtpubiph hwpqupldwi
Uhongny:

. 1S _ i 13 »
X' =X n;X” y'=y n;y.-



Upu pwbwdlbbpnid xp b y-p ulqphwlut Ynnppptiwnibp Eu, x-p b y'n
Ytpuhnjuduws  Ynnpphtwntbpt kb, hul np whpuljbkph  pwbwlhn  k
Zunuihoubph  wpwidtwgdwi  dwdwbwl sww  Ywplnp gonpdpupwug L
pumipugpuljuit wpdtputph Yupquynpnidp dhish punipugpuljut yEyunnputph
hudbdwwndwt thnpd Juwnwpkip: Updtputph jupgquynpdwi hwdwp oqunugnpéyty
t z gnigwiithop (z-score): Uy hwpqunyynid £ wndjujutiph hwjwhwlwt okndwi (o) b
Uhohtt wpdtipukinh (p) ogunugnpsdwt vhgngny:

,_X-u 12”:)( /1%( ?
= y = - .’O': _— X_
o “ nia : N iz i

Yupquynplut wju dkpnnp wywhnynid £ wy thwuwnp, np jnipupwignip
punipwgnhsh puohunudp Yniuktw dhohtt qpn b vhwynph utnwbinupun skinnud:

Qnpw njuikpp tywunnd ki wpnugpnuljuimppub wpug weht’
wpnne unnpugpnipjniunid hwuwpuly punipwgphsubph hwoqupluwi dheongny:
Utip hwdwlupgp hwpynud k qunpwy punipwqphsttiph hhug hwnluuhy:

Unniuwy 1: Unnpugpnipjut ginpu hwinlwithoikp

Zuwnljuthoh tjwpwgpnipnii Ukjuwpwim pmiuitn
Ts Unnpugpnipjut punhwinip tpupnipmit | T-dudwiwujwhundws
N Uuinpugpnipjutt hwndusubp N-huwnjuwbsubph putiuly
Tn Zwndudubiph bpljupnipniu T-dudwbwljuhun]usd
V Uwnnpuqpnipjut dhohtt wpwqnipeinit V-wipwugnipini
VN Zunjustbpnud dhoht wpugnipni

§2.2-nuf  dpuljyws bt dknwqhp unnpugpmipniiibph hudbdwndwi
pumipwgpuljutt  JEjunnputph hwdwywunwupwibgdwt  wignphpdp, npb
ogqunugnpsynid L punipugpujut yEunnpubph hwdwyuunwupwtgdut hwdwnp,
npnup uwnwgyl] i UNN-h b phtwdhl hwinljuthoubph wnwbdbwgdwh tunp
Ubkpnnutphg: Ul 3-nud tkpuygqué b Jijunnpubph hwdwywnwujpuikgdub
wignpppuh wpynitiptbph yunlbpuynp tkplwjugnudp:

“thgniy mipwpwilymip hbinhtwlh owpnunmd (nyjuubph puquynid),
gnjnipnth niukb N pynd unnpugpnipniiubp’ {X 1reee Xy }, npunkn X, -t hknhtwlh
pn unnpugpnipiniut b Unnpugpnipjub unpbh unbnddwt hwdwp wthpudbon
b wnwbdbwmgul; N(N-1)/2 pwtwlh qnuyq hbpwynpmipibiipp N pdnd
unnignnuljui unnpuqnpnipntiubph hwwpwédnih Ubg: Qnijq



htnwynpmpiniiitiph hwpqupynidhg htwnn juwhdwukip htnbju] uvnwnhunhly
Ukdnipymiukpp w hnhtwalh winnpugpmput hudwp

Imin =t Uhgh Uninulju uinnpuqpnipinitip thohtt hbknwynpnipiniup,
Imax =t Uhigh wdkiwhkpnt uinnpugpnipiniin vhohtt hinwdnpnipniip:

Uowljywé dnnljp w hbinptiwlh uwnnpugpmpjut hwdwp punugws t N pyny
unnpuqnpnipiniiiibphg, hwdwlgywsd fmnin—h it Zmax—h htn:

3 4
Vhwp 3: dhljpinnputph huwdwwyunuuwbtgduwt wignphpdh wpyniiputph wuwwnlkpuynp
ubpyuyugnid. 1) JEjunputpp hwdwnpdus tu dhliungt ulqpuwmltinhg, 2) hunnthwnhyg
hwdwnpmd, 3) wy hwdgpdwb wygnphpedh wpyniup, 4) Uywljws wignphpdh hudwngpdwui
wpnniup

§2.3-nuf  dpuljyws  Lu  unnpugpmipnibibph inghwljubwugdwut
wgnphpditp hhdtwiht JEyunpibph dkpnngh (SVM), uwhnn okdh b htnhlwyh
punpws phdh oquiwgnpénudny: Pnpdwplyny unnpugpnipyuit XY dnunph
dudwbuwl wjt  bwdbdwindnud E w  hEphtwlph XY  uwnnignquljub
unnpuqpnipjntbitbph hwjwpwénih htwn:

XY e {X o Xy }

Ujuyhuny, uvnwgynd £ N pyny hkpwynpmipinil, bpp thnpdwnplyng

unnpugpnipintip - X hwdbdwwingnd £ w o htphtwlh owpnth N pynyd

unnignpuijul unnpugpmipiniubtph: Zkpwnpnipniiuiph hwpduplhg htwnn
vwhdwimu kip hknbjuy uvnwnhunhly Ukdsnipnibtbpp
p» Uhthuwy hkpuynpnipinid,

P* Uwpuhuwy hknwynpnipini:
Uwnnpuqpnipjnibubph tnybwutugdwt hhdbwghtt JEjunnpubph dkpanh

ogunugnpsuwb phypnid uljgpnid numguimd ' SVM quuwlupghsp: SVM
nuuwljunpghsh niunigdwt hwdwp welw B M pny ppwljub uinnpuqpnipnitbbp:
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Snipwpwiynip  unnpuqpnipmnit hwdbdwwnynmd  E hnhtwlh  wpnunud
jnipwpwilgnip unnpugpnipjut hinn: 2w phipmud £ N putiwlhh hkpwdnpmipjut
npnpdwl, npnughg pbupynd Bu dhthdwy  dme U dwpupdwy  dmax
htnwynpmpynibtpp: Unugdus htipwgnpmpnibbpp jupgqugnpynod G Imin i Imax
wpdbplitph ogum pyudp’

Noin =i / oo s Ny = /1

SVM-nuuwlwupghsh ntuniguidwb hwiwp oguiugnpéyntd ki’ Nmin it Nmax
Ukdmipiniuttpp: Py b pY  dkdnipniibpp jupquiynpydnud kb Imin, Imax wipdtiptiiph
oqlm pyuilp’

Mmin = anuvn llmin7Mnax = Prrmaixllrmx :

Mmin b Mmx dUbdnipynibibpp  oquuugnpdynid ki thnpdwplyng
unnpugpmpul  pgmbdwi  jud  dipddwt hudwp mumguius  SVM-
nuuwljupghsh oguntpjudp:

Uwnnpugpnipjniiuibph  tnguwuwbwgdwt  htinhtwlh pbnpws  obdh
Ubpnnh  oquuugnpduwtn phwypnid  uwhdwbkip  hEnlju; wnwwnhunhly
Ukdnipymutkpp w htnhllh winnpugpm pput hwdwp

1, =$z(min D(X Y, XY WA=1...M),(T =1..,N)

ol :ﬁZ(min D(X¥, X¥)- a1, F (A=1,...M),(T =1...,N)

npuntn M -t hpuwt uvinnpugpmipinitubpnh pwbwli k:

ow Uy Oy
>ie

v

| uwpquinpimq i |
h

Uwpuhuw] hiwpwiynp thothnjunippnia

»

‘Uljup 4: Thuh Jupqudnpdnn wpdbpubiph whpnype
Uwnwwnphunhl nfjujubpp oqunugnpsynid ki okdughtt hbknwynpnipjub uinugdw
hwdwp, npp hbknwqumd  oquuugnpéynid L Untnpuyhtt  uinnpuqpnipjul
inytwjuwbwgdwt hwdwp: ow gnyg E wwjhu hbphtwlh uwnnpugpnipyu
thnthnjuwfuibnipinibp, g, -t Uhghtt wpdtpt E: Ophtwy, ket obup nipqus o, /2

10



wpdtpny, wuw okduwght vhowyuwyptpp hwjwuwp Yhub [, -6, /2,4, + 0, /2]

wyuughuny’
(1, -0, 12)< Py <[u, +0,12]

Gpt  thnpdwplynn uwnnpuqpnippiup pujund B owupgws  obdught
dhowljuyptnh dhol, www uwnnpugpnipmiip pugnidnd £ jud  hwljunwl
nhypnud” dbpdynid E:

Uwunnpwgpnipjniiubph tnybwlwbwgdwt uwhnn  oidh dkpngh
ogunugnpsuwlb nhwypmud’ htnhtwlh hwdwp uwhng okdh wnwgdwb hwdwp
Jupquynpymd £ p¥, nph Jupquynplwut hwdwp oquugnpsymd Eoog
Ubdnipgniup htnlywy Yepy®

Dy (X%A:Est’ X(‘.",Vtrl): Poio 1
Hy

nputin Dr-jupquynpyws hinwdnpnipniub b

Uwhnn obdp 7, t€[0,%)-h nhwypnid oquwgnpdynid L thnpdwplynn
unnpuqpnipjntbtbph hwdwp upwitph gnpswlgh npnodwb hwdwp: Gpp DH< T
ntikinud kup'

Py < iy @+7)

thnpdtwjut uvinnpugpnipinit pugniynud k, hull hwjunwl phypnid

Ubpdynud k:

§24-md Upulws t wwpphp Ukpnnubph hudwligiwi bnwbuyubpp
wudh wppnitwdbn  inyuwuwiugdut hwdwp:  Updbputph  Jupquynpnudp
mdmd E wpdbpubph whpnyph b wpdbpubph puwshudwt wwppbpnipmiibph
juunphpubpp: Uju thnjunud £ wwpplp hwdwlupgiph hwdbdwndwi - pughudwit

wpdtpubph nhppp U dwpnwph ywpuwdbnpbpp  wybiybu, np pnjnp wpdbpubpp
niikinud b vwhdwbdwt dhtiingh opowt: Oqunugnpéynid E hudwlgdwt Ukpny,

npp hhdugws k Yonws gnidwph Juwunth Jpw, npp Jupkih b ujupugpt) hbnbjug
tpuy

Sc=Wi1S1+W>S2+W3S3

npunkin S1,52,S3-p bplip hwdwlupgbph hudbdwndwb dhthdw) wpdbplbph kb, Sep’
hwiwlgyus wpdtpp, Wi, W2,Ws' Yohnp:

Uju unyb gnpdpupwgp, npp Wjuwpugpus b uwwhnng jud hbnhtwlh
punpws otdtph hupduplydwi hwdwp Yoquuugnpsyh wpdbputph hudwygdw
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hulwp: Unwwnhunhly wpdpubpp 4* b Y hwyquplynud &u hudwlgdws
wpdtplitphg uyl inyh qnpdplipwgh thengny, hiyy np 4 U o, hwdwp: Zknhtwyh
plnpws okdh hudwp' [’L,CW_UZ"/Q]g Swg[ﬂé’v+gé’”/2], uwhnr okuh  hwdwp’

S <u(+7):

Eppnpn  grfunid ubpuyugjws Eu dknwghp unnpugpnipjudp wbdh
unyuwjwbwgdwt  hwdwlupgh  tjuwpugpnipmiin b thopdwpynudukph
wpnitpubpp: Pnpdwpynidubpp wighugynud B wfjujukph hwjwupwsniubph
Ypw, npp Ynsynud £ SVC2004 b punugws b phtwdhl] uinnpuqpnipinitiubphg,
npnup hwoqunplyt) Ehtt uinnpugpnipjut unnigiu wnwehtt Uhowqquyhtt dpgdwt
huwdwp:  Qphsh  dwyph  Ynnpphtiwnbbp  oguunugnpdynmd L ghuwdhly
unnpuqpnipintup “hpbwjuub” wvinnpugpnipyut yuwnbph Jipustint hudwp,
wyjuhupt wytyhuh unnpugpnipjuy, npp sh Wupnibwynwd $ntwggh pbnnidubip:

SVC2004 wnyjuutiph puquyh hhdwt ypu tnytwjubugdwub wpyniupubpp
Jwpnn o unwgdl]  snpu wuwydwbibphg  (opuiuynpdus/qunwhwlub
Ytnénudutp wmwup unmgnuliu | unnpugpnipnibtiph hwdwp b
npuluynpud/yuinuhwljut tndnudubp hhug unnignnuljut
unnpugpnipniuiph hwdwp) ghtwdhy wndjuutph, qnpwy wljujukph, UMM
Ukpnnh U npputg hwdwlhgdwt hwdwp: Gphp dbpnnubph  dbdnipinitubpp
Jupquynpynid Gt dhtgh punghwunip opowtt z-gniguthoh Ubkpnnh oqunipjudp,
wgunthnb npuip hwdwlgynud btz Unwudht b hwdwlwugduws hwdwlupgh
unytwjubwgnidp hpujwbwgynud £ uwhnn, htnhtwlhh pwnpws okdh b SVM-

nuuwljupghsh hwdwp:

Unniuwl) 2-nud ubpuyugdus b uwhng otdh, hinhttwlh phwnpws otdh & SVM-
nuuwlupghsh hwdwp thnpdwpyynny mdjuakph hwdwpwsnih inyuwljuugnidp:
8nyyg k mpws, np ponp dbpnnubph wpnugpnpuijwuniemniip Jkdwund £ LS
pubwlmpudp  unnpugpmipniiibph  oguugnpdUwl  phypmd  ppwibp
hudwlwpgmd gpuighint dudwbwl, puth np vnnignpuljwt wdjujikph kS
pwlwlnipjut ghuypnmd Jupquynpiwi wnwnhunhud npnpdnd £ wnwyly

huwnuly:

Uwhny otup ogunugnpsudwdp thnpdwpldwt wpyniupubpp tbpluyugyus

Eu Upmnuuwly 2-h Epkp hwnduwsubphg wpwehtinid: Opptwl, npulwynpius

Ytnénwdutph b 5 unnignqujub uinnpuqpnipniuitph phnwpydwt phypnid

hudwlgqus hwdwlupgp hwigbgunid b hwdwpdbp ujuwh gnpswlgh,, npp
12



hwjwuwn k 16%, wyu nhwypnud, Epp 14%-htt hwjuwuwp hwdwpdtp upuwh gnpéwljhg
hudwljgyués hwdwlupgp wnwhu £ 10 wnnmgnpuljut unnpugpnipnibubph
ogunugnpsdwt nhypmid: Ujuyhuny pupbjuynid mnknh £ mubkunid vnnignquljui
unnpuqpnipntiibph pwtwlh wykjugdw nhypnd:

Unyniuwy 2: Unnpugpnipjull inghwluwbwgnid npuljun]npjus/yuinubwlub hnsnudutph
hwidwp, SF-skilled forgeries (npuluynpwé Yhnsdnidubp), RF-random forgeries (wuwwnwhwlwui
Ytndnidubp)

Zundwipdtp upuuyh qnpduljhg (EER) (%)

Uwihnn pluf quﬁbwgifllwpwb SVM-puuwiljuipghs
5 10 5 10 5 10
uwn-ubp uwn-ukip uwn-ubp uwn-ubp uwn-ukp uwn-ukp
SF RF | SF | RF | SF RF | SF RF | SF RF | SF RF
Uunn
18 | 10 | 16 8 15 9 12 7 11 7 11 7
Ubpnn
“thiwuhly
wnjutiph 20 | 12 | 18 | 11 18 9 17 7 16 7 15 7
Ubpnn
QGnpuy
ufjuuibph 35 | 16 | 30 | 13 | 27 | 11 | 21 10 | 22 9 18 8
Ubpnn
Utpnnutph
hudwljgum | 16 9 14 7 13 8 13 6 12 7 10 6
nhwypnd

Ppujwbwugyt) & dhlbunygt thnpdwupynudubpp, vwlugy vwhnn obdh
thnjiwupkt oqunwugnpdyl) L htnhtwlhg Yuwhqus obdp, husybu wjupugpdus k
wnnuuwy  2-h Ephpopy dwunwd: Gpind . np wpnunponujuinipyniup
pupdpwinid k tpp unnignnquljutt unnpugpnipniutitph phyp wybkjwunwd £, b Gpp
phuwpldnud £ bpbp dbpogubph  hwdwlgnudp:  ZEnhtwlhg jupdus pbdh
oqnugnpénidp  wykih wy wpmniiph t hwbqbkgunud, pwt uwhnn okdh
oquuugnpénidp: bpujuwtwgynid u dhlitinygu thnpdwpynidubpp, vy okduyht
wpdbph  thnpwupbkt  oqguwgnpdynid  E SVM-nuwuwlwpghsp  thnpduwfui
unnpuqpnipniuibph quuwlupquut hwdwp: Ungnuuwy 2-h Eppnpn dwunod
gnigunpjus ki numguitjué SVM-nuuwljupghsh ogunugnpsdwdp thnpduwljui
wnyjuukipp hwwpwédnih unyhwuwhwugdut wpyniupubpp:
Upnunpnjuljuinipniip pupbjudnud ' unmignujut uninpugpmipiniittph
pwtwlh  wdbjugdwt b btpkp dbpnnubkph hwdwlgdwd phypnid: SVM-
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nuuwlunpghsh oguugnpénidp wykih jwy wpynitp £ wwihu, pub htnhtwlhg
Jupgws okuh oqunuugnpdnidnp:

Zudwlupgp (V] Sign) dpwll) E C# 1kqyny Visual Studio 2012
Uhowuypnud, npytu nfjuutinh puqu oquiugnpsdyky k SQL Server 2012-p, puquyh
htwn wphiwnwbpt hpujubwgyty t LINQ hwipgnidubinh vhongny:

= VI Sign = EE)
Ele Home o

PX %5 F XV

Start Clear | AddUser Delete | AddTemplate Delete Compare
Template

Settings « | User Signature Templates
Users

& Manage
vahe || Delete User
< Load Settings

& ImportDB Templates
[s v]|  Delete

tl sm Clear Clear / Start Add Template | | Show Template Best Path

New User Information
User Name Compare W/ Use Vector Distance
Status... /! Use Signature Speed

Add User /! Use Global Features

Home

Settings

Lhuwp 5: Zwlwljupgh hhdtulwh hinkpdhjup

Zhdtwlut  hunbpdljup  gmguypqus L vy S5-nud: Zwdwlupgp
htwpwynpnipni £ mmwhu wybjugul) unp oquuwugnpdnnutp (Add User) b olghky
gnnipinit niikgnnubphti (Delete User): Ywipkih k fudpwqpk) oqunwugnpénnubph
unnignnuijwl  unnpugpmipiniiibpp (Add  Template, Delete Template),
unnignpujut unnpugpmpnibttph pwbtwyh ypuw vwhdwbwhwynidubp sjut:
Zhdtwljwt jupquynpnidubpp nhjwdupynid ki Manage Settings wjwwnnthwih
dhongny: Ywpkh L oquuwugnpsl] uwnpwgpnipniihg  hwwnljwthoubph
wnwbdbwgdw dUkpnnubpp wnwbdhi-unwbdpht jud hudwlgduws tnubwljubpny
(Use Vector Distance, Use Signature Speed, Use Global Features):
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Upuhuny wofuunnmuiph hpltwlwl wpym bpikpp hknbyuyh ko

Upwljyty bt dinwmghp unnnpugpmipjut hwnjuthpubph wnwdwgdwi tptip
Ubpnnutp’ nlju, gnpwy b nhtwadhy [1,4]):

Unwowplyl] L unnpugpmipnibibph  hudbdwndwt  pinipugpuljuit
YEyunputph hwdwywunwupwibgdu wpynibwytn wignpppd [3):
Upwlyt) kb unnpugpnipyntibtph inytwlubwgdw wignphpdubp hhdbwgh
ytywnnputph dkpanh (SVM), uwhnn okdh b hbnhtwyh puwpws stdh
oquugnpsénidny [2,3]:

Upwljyty k dbinwghp unnpugpnipjudp wbdh inyuujwbwugdwt spugqpuyghtt
hudwlupg  Yhpunkn] wpwewplyus  hwnlwihsbibph wpwidbwgdwi
dbpnnutpp U punmipwgpuiub  Jtiwmnpukph hudwywwnwupwubkgdu

wignphpupn [2,4]:

Uwntiwjunumpjut phduyn] hpwyuwpulws
wojuwwnnipjnibikpp
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Xauatypsas Bare CamconoBuu

PA3PABOTKA U PEAJIM3ALINSI METOJIOB PACIIO3HABAHMS PYKOIIMCHOI
MIOJIITUCU

PE3IOME

B mocnemume rompl HaGmomaeTcs yCTOHYMBAs IOBBIMIEHHOCTh HMHTEpeca K
OMOMETPHUYECKMM METOJaM MICHTUGHKAIMM M K WX TNpHMEHeHuio. buomerpmueckue
TEXHOJIOTHH HCIIONB3YIOTCS JUIS MISHTH(UKAINH JINIHOCTH C IOMOIIBIO (PU3HOIOTHYECKIX
WU TOBEIEHUECKHUX YePT, KOTOPBIE ABIIAIOTCS YHUKAIBHBIMU AL KaXKI0r0 UHAUBUIYYMa, 1
UX HEBO3MOJKHO 3a0BITh, MOTEPSTh MM YKpacTb. B OnoMeTprueckux MACHTH(GUKAIHOHHBIX
cucTeMax HanboJIee YacTo UCIIONb3YIOTCS CKAHHPOBAHUE Py XKHOH 000I0UKH HIIM CETYATKH,
pyKomHCHasl BepuHKaIHs OIINCH, JIUIA WIH PAaCIIO3HABAHHE r0JI0Ca, OTIEYATKOB MaJbLEB
UT.JA.

Cpenu 3THX METOJOB €CTh OMOMETpPHUsI PYKONMHCHOM MOAIMHCH. XapaKTepHCTUKU
MOAIINCH HEMOBTOPHMBI M TIPAKTHYECKH HE MOTYT OBITh IyOmupoBaHbl. I[losTomy
PYKOIHCHBIH OYEpPK J0 CUX IIOp OCTAETCS OJHUM H3 HanOoJiee CHIBHBIX UICHTH()UKATOPOB
Ha CETrONHAIIHWN IeHb. B BepuduKanuu pyKONMCHOH MOAMMCH, IS 3aKITIOYCHUS O
MOJUIMHHOCTY, U3BJEKAIOTCSI MHOIOYMCIICHHBIE XapaKTEPUCTUKU TECTHUPYEMOH MOANNCU U
CPaBHHUBAIOTCS C TAIOHHOM MOJINCHIO, KOTOPAsk XpaHUTCS B 0a3e maHHBIX. Ecnu mocTymHO
HECKOJBbKO TIO[UIMHHBIX OSTAJOHHBIX MOJINHCEH, YyBEeIWYMBAeTCI Mepa CTAOMIBHOCTH
OTJENbHOTO IPU3HAKA, YTO MCIONB3YeTCs JUId OLIEHUBAHHMS BEPOSTHOCTU OTKJIOHEHMS,
MOyIEHHOTO B TECTHPYEMOH ITO/IINCH.

He Bce GmoMeTpuueckre MeTOAbl PaBHOCHIBHO TIPHEMIIEMBI BO BCeH HHIYCTPHHU H
BCEX TNPWIOKEHHAX. Hampumep, CHATHE OTHEYATKH MajbleB W CKAHHUPOBAHUE PATYKHOH
000JI0YKH HE TIPHEMIIEMO B IPOMBIIUICHHON IPaKTHKe, 0aHKOBCKHUX M (PUHAHCOBBIX CITy)KOax.
Bepudukanus pykonucHas HOAIMCH - 3TO HanOoJjee JIErko OCBOSHHBIN OMOMETpUYECKUit
MeTOoJ] HAeHTU(GHKAnuK. JleficTBHe IOIINCHIBAHIS CBOMM MMEHEM SIBISETCS OOIIECTBEHHO
HPUHATBHIM U OOBIYHBIM JICHCTBHEM B IOBCEIHEBHOH XH3HH. [10 CyecTBy, MaloBepoOsITHO,
YTO WHAUBUAYYMBI OyIyT IPOTECTOBAThH MPOTUB IIPOBEPKU CBOEH MOMIICH, IO CPABHEHHIO C
JIPYTUMH BO3MOXHBIMH OMOMETPHUYECKHMHU aHAJIM3aMH. OTO IO3BOJISIET KOMIIBIOTEPHYIO
BepH(UKALMIO PYKOMMCHON MOAMMCH BHEAPUTh BO MHOTHE CYLIECTBYyoIIHe pabouue
TPOIECCHI.

Cucrema I/UleHTPI(bI/IKaL[I/II/I IDOAIMUCH MOXET 6bIT]> HCIIOJIb30BaHA BO MHOTI'MX
00JIacTsIX: OT IIPOOU3BOACTBA 10 GAHKOBCKMX, oOecredrnBasi OpraHu3aliii ¥ HHANBHIYMMOB
YCUJICHHOM 3alUTOM OT HECAaHKIHAaHWPOBAHHOIO IOCTyNa M KOHTPOIb JOKYMEHTOB U
TpPaH3aKIUH, KOTOPBIE UMEIOTCS B CYIIECTBYIONIUX yCIOBUAX OM3HECA.

TexHONIOrMYecKui MPOrpece YBEIWIHI TOYHOCTh OMOMETPUIECKHX CHCTEM, Jerast
ux Oosee MOCTYNMHBIMH B Ka4deCTBE JKM3HECIOcoOHOro Mmerona Bepudukauuu. Bmaromaps
YPOBHIO HAJEXHOCTH, YIOOCTBY M BBICOKOH 0€30MacHOCTH, KOTOphIe obecrnednBacT
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OuomeTpusi, OHa YK€ HCIOIb3YeTCS HWHTEHCHBHO B HEKOTOPHIX INPUWIOKCHUAX UL
obecriedeHns1 KOHKYPEHTHOTO IPEUMYIIECTBA C AIbTEPHATUBHBIMH TEXHOJIOTUSIMU.

ITostomMy pa3paboTka HaJEXHBIX METOJOB M aIrOPUTMOB aBTOMATHYECKOTO
UIeHTH(UKAIUS TMIHOCTH IO PYKOIIMCHOHN TIOJIIHMCH B PEXKUME PEabHOTO BPEMEHH, LEIbIO
obecrieueHust HHPOPMALUOHHON 6E30IIACHOCTH SBIISIETCST aKTyalbHOH 3aadeii.

Llenv ouccepmayuu WcCIeNOBaTh W aHAIN3UPOBATH CYIIECTBYIOIINE CHCTEMBI U
METOIbI NICHTH()UKAINY JINIHOCTH 110 PYKOIIMCHOH ITOJIIMCH, BBISIBUTh UX IPEUMYIIECTBA U
HepocTaTku. Pa3paboTaTs HOBbIC U 3()(EKTUBHBIC ANTOPUTMBI BBIJEICHUS U CONOCTABICHUS
NPU3HAKOB DPYKONMCHON moimucH. Pa3zpaboTaTh NMpOTrpaMMHYIO CHCTEMY pPAacliO3HABAaHHS
PYKONHUCHBIX HOJIHUCEH, TPOBECTH CPABHUTEIBHBIH aHAIN3 PE3YJIbTATOB IIOX0XKBIX CHCTEM.

Hayunaa noeuszna pabomwi. Ilpe/uiokeHbl METOIBI BBIIEIECHUS MPHU3HAKOB W3
TII00ANBHBIX, AMHAMHYECKHUX JaHHBIX U ¢ H300pakeHns noAmucH. Paspaboran ek THBHBII
AITOPUTM COTJIACOBAHMS XapaKTEPHCTUUECKHX BEKTOPOB CPAaBHEHHS PYKOITHCHBIX ITO/IUCEH.
Paspaboranbl  anropuTMbl BepU(PHUKANUK MOJMHCEH ¢  HCHojJb3oBaHHeM SVM-
kinaccuduraropa (Support vector machines), ¢ HCHONB30BaHHEM CKOJIB3AIIECTO IOpOTra
(Sliding Threshold) u ¢ ncionp3oBanueM nopora, 3aBucsiero ot aBropa(Global Threshold).

Ocnognbie pe3ynsmanmsl pabomsl cneoyloujue:

1. Pa3paboTaHbl TpH METOJa BBIAEIEHHS IPH3HAKOB PYKOIMCHOW IOAIKCH: JIOKAJIbHBIH,
I00ATBHBIN U THHAMAYCCKHA [1,4].

2. TIpemnoxeH 3(Q(EKTUBHBIA AITOPUTM COITIACOBAHUS XapaKTEPHCTHYECKHX BEKTOPOB
CpaBHEHHS PYKOIMCHBIX momnucei [3].

3. PaspaboraHsl anropuTMbel BepudUKanMM MOANMUCEH ¢ ucnoib3oBaHHeM SVM-
KJTacCH(HUKATOpa, CKOJIB3AIIEro IMOpora U C UCIOIb30BAHHEM IOPOTa, 3aBHUCSIIETO OT
asropa [2,3].

4. PazpaboTaHa mporpamHas CcTeMa WACHTH(OUKAIINN THIHOCTH MO PYKOTIMCHOM ITOIITICH
C HCIOJIb3BIBAHUEM IIPEUIOKEHHBIX METOJIOB BBIICICHUS] NPHU3HAKOB M AIrOpUTMa
COTJIACOBAHMSI XapaKTePUCTUIECKUX BEKTOPOB [2,4].
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Khachaturyan Vahe Samson

DEVELOPMENT AND IMPLEMENTATION OF METHODS OF RECOGNITION OF A
HANDWRITTEN SIGNATURE

ABSTRACT

In the recent years the interest in biometric methods of identification and their use
has steadily increased. Biometric technologies are used to establish a person’s identity with
the help of physiological or behavioral traits that are unique for each individual and cannot be
forgotten, lost or stolen. In biometric identification systems the most commonly used methods
are the iris or retina scanning, handwritten signature verification, face or voice recognition,
fingerprints, etc.

Among these methods the biometrics of handwritten signature is also known.
Signature characteristics are unique and cannot be duplicated in practice. Therefore,
handwritten signature is known to be one of the strongest identifiers as of today. For the
verification of handwritten signatures numerous characteristics of the test signature are
extracted and compared with a genuine signature stored in the database to establish its
authenticity. If more than one genuine signatures are available, the measure of the stability of
a specific descriptor is increased that is used to estimate the probability of deviations derived
from the test signature.

Not all the biometric methods are equally acceptable in the industry and the
corresponding applications. For example, the fingerprinting and the iris scanning are not
acceptable in the industrial practice, banking and financial services. Handwritten signature
verification is the most easily assimilated biometric identification method. Signing one’s name
is socially accepted and is considered to be a usual activity in everyday life. People are unlikely
to protest against the signature verification in comparison with other possible biometric
analyzes. This allows the implementation of handwritten signature verification into many
existing workflows.

A handwritten signature identification software system can be used in many spheres:
from industrial to banking organizations ensuring enhanced protection for both organizations
and individuals from unauthorized access and providing supervision of documents and
transactions available in the existing business environment.

Technological progress has increased the accuracy of biometric systems making
them more accessible as a viable method of verification. Due to the level of reliability,
convenience and high security which biometrics provides, it is already intensively used in
some applications to gain a competitive advantage against alternative technologies.

Therefore, the development of reliable methods and algorithms for automatic
identification of an individual based on the handwritten signature in real time mode is an
urgent task for ensuring information security.
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The purpose of the dissertation is to research and analyze the existing systems and
methods of identification based on handwritten signatures, to identify their strengths and
weaknesses. Develop new and efficient algorithms for detecting and comparing the
characteristics of a written signature. Develop a software system for the recognition of
handwritten signatures; make a comparative analysis of similar systems.

Scientific novelty of the work. Methods have been suggested for sign extraction
from the global and dynamic data and the image caption. An efficient algorithm has been
implemented for matching the characteristic vectors to compare handwritten signatures. The
algorithms of signature verification have been implemented using SVM-classifier (Support
vector machines), Sliding Threshold and the Global Threshold.

The main results of the works are following:

1. Three methods have been developed to extract the characteristics of a written signature:
local, global, and dynamic [1,4].

2. An effective algorithm has been suggested for matching the characteristic vectors and
comparing handwritten signatures [3].

3. The algorithms of signature verification have been implemented using SVM-classifier,
Sliding Threshold and the Global Threshold [2,3].

4. A handwritten signature identification software system has been developed using the
suggested methods of sign extraction and characteristic vectors matching algorithm [2,4].

=
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