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Abstract

The paper proposes an approach for identification of natural persons by means of fingerprints based on Discrete
Cosine Transform and Backpropagation Neural Networks at Levenberg-Marquardt training procedures in access
control systems. The applied transformation compresses the registered fingerprints. The compressed image types were
used as input variables to neural networks image recognition. Neural training procedures using hyperbolic tangent and
softmax transfer functions in hidden and output network layers were performed. A selection of backpropagation
network structures for the recognition of fingerprint biometric data by evaluating the Cross-Entropy and Accuracy
performance indices was made. An analysis of the quality of classification regarding the test fingerprint images with
positive indications found in relation to the applied approach was conducted.

Keywords: fingerprint identification, discrete cosine transform, backpropagation neural networks, Levenberg-

Marquardt algorithm, transfer function.

BBBEJIEHUE

AHanMu3bT Ha OMOMETPUYHU NMPHCTOBH JIaH-
HU € eJIUH OT CHIIECTBCHUTE ACTICKTH B ChBpE-
MEHHHTE CHUCTEMH 3a KOHTPOJI Ha JOCTBIIA.
BBb3MoxkHO € 1a Ob7e KOMOMHUpPAH C UHCTPY-
MEHTH 3a JIMIICBO pa3lo3HaBaHE WJIM IJIaCOBa
UACHTUUKAIMS B ISUIOCTHA KOHIICTITYaHA
chUCcTeMa 3a YIpPaBJICHHE Ha CHUTYPHOCTTa B
aJIMUHUCTPATHBHU, OW3HEC W WHIYCTPUATHU
[EHTPOBE, YUPEIKIACHHS U T.H.

Crioper HSKOW TPOYYBAaHUS HWACHTH(HKA-
[UATa HA TPBCTOBHU OTICUATHIU CE pa3ieis Ha
TpH HHBA — JMArHOCTHKA Ha LENUS OTHEYaThK
[0 OTHOILICHHE Ha JISIB/JCCEH KOHTYp, CIHpa-
JOBHUJHA W3BHUBKa, HaOpa3msBaHe W Jp., Je-
TAMJIHO M3CJIC/IBAHE HA IICJICBU CETMEHTH WJIH
YY4acThIM OT OTIEYaThbKa ¥ MHUKPOCKOIICKH
aHaJIM3 KaTo aHAJIW3 Ha MOPH, I'bHKH, U3PACT-
BaHus u 1ap. OOMKHOBEHO Ha BTOPO HUBO CE
U3BIUYAT OA3MCHH KOMIUICKCHU M WHIUBUIY-
JTHU XapakTepuCTUKH (termination, bifurcation,
enclosure, overlap, bridge, dock, spike u np.),
KOUTO C€ W3IOJI3BAT B poyiAiTa Ha HWH(pOpMa-
THBHHU IIPU3HALM C L€ pa3no3HasaHe [1-3].

Yecro usnomsBanu B chepaTa Ha IPHCTOBA-
Ta OMOMETpHS Ce MpUIaraT KOHBOJIOIMOHHU-
Te n3kyctBeHu mpexu (Convolutional Neural
Networks - CNNs), KbJIeTO c€ U3MOI3BaT pas-
HOOOpa3Hu GUITpU 3a moxoOpsiBaHEe HA U30-
OpakeHusTa Ha 00pabOTBaHM OTIEYATHIN Ka-
to Prewitt, Laplacian of Gaussian, Finger
Code u T.H. [4-6]. OcBeH 3a WACHTH(PUKAIHI
CNN cnyaT KaTo HHCTPYMEHTHU 32 M3BIUYA-
HE Ha XapaKTePUCTUKU KbM APYTH TOJIXOMIHU 32
pasno3HaBaHe kaTo k — Haii-ONM3KU ChCEeIH,
JoructuyHa perpecusi, Naive Bayes [7].

JlokIagbT mpeacTaBs KOMOWMHHUPAH MOAXO]T
3a TpeIBApUTEIHO KoMIpecupaHe upe3 [lu-
CKpeTHa KOCHHYCOBa TpaHcopmarus U pas-
MO3HAaBaHE Ha MPHCTOBH OTIEYATHIM H3MOJ-
3BailKi U3KYCTBEHH HEBPOHHU MPEXKHU C TPABO
pasnpoCTpaHeHWE HAa CUTHAINTE W OOpaTHO
pasnpocTpaHeHHEe Ha TPEIIKATa.

N30 KEHUE

BbB Bpb3Ka C IEMOHCTpHUpAHE HA BB3MOXK-
HOCTUTE HAa U3KYCTBEHUS] MHTEJEKT KaTo TeX-
HUYECKO CPEJICTBO 32 OMOMETPHYHA PHCTOBA
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IMAarHOCTHKA € pas3rie/iaHa 3a/javara 3a HJeH-
TU(UKAUSA Ha TPU peaHU (U3NYECKH JUIa
NIPU CHETH M300paKEHUSI Ha TEXHU OTIICYATH-
mu. [lo oTHoOIIEHHE Ha TECTOBUTE MPBHCTOBU
OTIEeYaThllM OsiXa MPOBEACHU MPOLEAYPH IO
penyuupane Ha TexHute pazmepu u RGB kbMm
Grayscale mpeoOpa3zyBane - 3D kbM 2D TpaH-
chopmanus. Briocnencteue Oerie mpuiokKeHO
JINCKpETHO ~ KOCHMHYCOBO  IpeoOpa3yBaHe
(Discrete Cosine Transform - DCT), ciyxemio
3a TpeMaxBaHEe Ha 30HU OT W300paKEHHETO,
KBJETO Ca HAIMIIE PE3KHU MPOMEHHU Ha SIPKOCT-
ta Ha nukcenute. Cinexq DCT nponeca ce mo-
JTy4yaBa KOMIIPECHPAHO H300pakeHHE, KOETO
MOXe na ObJie BU3yaTM3UPaHO H3IMOJI3BAWKU
JOrapuTMHYHO Mariabupane. CHeTUTE NPb-
CTOBHU OTIIEYATBIM W pe3yJTara OT MPUIIOXKE-
nuero DCT oGpaboTkaTta ca mpencTaBeHd OT
¢wur. 1 no dur. 3.
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Due. 3. I[lpvcmos omneyamvk a)
u ouacpama na xomnpecupanomo ¢ DCT
usobpaoicenue 6) Ha mpemo auye

[To oTHOmIEHUE HA O00YyUYEHHETO HA U3KYCT-
BEHU HEBPOHHU MPEXHU 32 OMOMETPHYHA MPh-
CTOBA UJCHTU(UKAIUSA HA (PU3UUYECKH JIMLA Ce
npuiarat aBa 0a3ucHU WH(POPMATHBHH IPH-
3HaKa, CbOTBETHO:

» 'mepcoHalieH UIeHTH()HKAIMOHEH HOMep';

» "DCT xomrmpecupaHo u300paxeHue,

KOHBEPTHUPAHO OT JBYMEPEH KbM €IIHO-
MepeH popmar".
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Due. 2. Ilpvcmos omneuamvk a)
u Ouaepama na komnpecuparnomo ¢ DCT
uzobpascenue 6) Ha 6Mopo Puzuyecko ruye

Confusion (plotconfusion)

Receiver Operating Characteristic (plotroc)
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Due. 4. Xo0 na obyuenue sa UHM
3a nepcoHaIna udeHmupurayus

npu aHaau3 npvCmosu omnedamvyu
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ExcnieppuMeHTHpaHO € C TPUCIOWHHU apXH-
TEKTYpH HA HM3KYCTBEHH HEBPOHHU MPEXKHU C
MPaBO PAa3NpPOCTPAHEHUE Ha CHTHAIUTE U
o0paTHO pa3npocTpaHeHue Ha rpemkara. [Ipo-
BEJICHU Ca TECTOBE Ha HEBPOHHU MOJIEIH C U3-
MOJI3BaHE Ha HaW-Obp3us o0yuaBalll aaropu-
TbM, TO3H Ha Levenberg-Marquard, B cpena 3a
BusyanHo nporpamupane MATLAB. Ilpoue-
ChT Ha MOJ0Op Ha apXHUTEKTypa 3a pa3lo3Ha-
BaHE Ha MEPCOHAIM3UPAHU MPBCTOBH OTIEYA-
THUU ¥ UACHTU(GUKAIUS Ha GU3UIECKH JIUTIA €
HampaBeH CHpsIMO aHanmu3 Ha kputepust Cross-
Entropy u TouHocTTa Ha pasno3HaBane. Llerne-
BUTE OOCKTHU Cca M3KYCTBEHU HEBPOHHH MPEKHU
C TaHTEHC-CUTMOWJanHa W softmax dyHKIuu
Ha aKTHBAIMS B MEKIUHHUS (CKPUTHS) U U3-
XOIHUS CJIOM.

Ha ¢ur. 4 e npencraBen xona ot oOydeHue
Ha CHHTE3UpAHUs HEBPOHEH Mozen npu 33
CKPUTH HEBPOHHU HM3YHUCIUTEIHU CIUHUII C
Hal-100py WMHIMKAIMU 332 KauecTBO, pECIeK-
THBHO HHMCKAa CHTPOIHUS U MaKCHUMAaIlHA KJIacH-
(uKarmoHHa TOYHOCT NPH aHajau3 Ha Ouome-
TPUYHHU JAHHH.

.NeuralNetwurkTrainingPerformance(plotperform).Epoch19.Va|idatiom - O X
Eile Edit View Inset Tools Desktop Window Help o

; Best Validation Performance is 0.00098531 at epoch 13
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Due. 5. Cross-Entropy npu obyuenue, sanuoupane
u mecmeaune na MHM npu ananus
Ha NPLCMOBU OMNEeYambyU

[To oTHOMIEHUE HA CETIEKTUPAHATa APXUTEK-
Typa ca MPWIOKEHU IOIBIHUTEIHU TEHHOCTH
[0 aHallu3 W TPEACTaBIHE Ha (DyHKIIMOHAII-
HOCTTa BBB BpB3Ka C U3MEHEHHETO HA €HTPO-
UsATa Ipu 00ydYeHHE, BaTUUPAHE U TECTBAaHE,
KaKTO M BapHallMUTE Ha IPaJMeHTa U Mapame-
Thpa MU, y4acTBAIll MPU KAJIKYJAIUI HA CTHII-
kara 3a MmuHUMU3anus Ha Cross-Entropy cnen
BCsIKa M3MBJIHEHA UTepanus — ¢pur. 5 u dur. 6.

y Gradient = 7.212¢-05, at epoch 19
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@uz. 6. Cocmosinue Ha 0OyUeHUe npu CURmMe3 Ha
HHM 3a nepconanna udeHmupuxayus npu auaius
Ha NPBCMOBU OMNEeYamvyu

;
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Que. 7. Mampuyu Ha kopekmHume
U HeKopeKmHume K1acu@ukayuu npyu Cunmes
Ha MHM 3a nepconanna udenmugurayus
npu aHaIu3 Ha NPHLCMOBU OMNEYamvyu

YcraHoBeHo e, ye o0yyaBaliuTe MPOLEery-
pY OpoTHYaT B paMKuTe Ha 19 mukbia Karo
Hail-moOpa MpekoBa BaIMIUpaIla POU3BOIH-
tennoct 0.00098531 e nmocturnata mpu 13
utepauusd. Habmonapano € oyt MASHTUYHO
MOBEJCHHE Ha MpekaTa NMpu oOydaBamus U
BaJIMAMpAIIUs MPOIleC KaTo HE ca KOHCTaTHpa-
HU MHIUKAIMM 32 TpeoOydyeHHe Ha Mojea.
KoHncratupano e miaBHO HaMmajsiBaHE Ha rpa-
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JMCHTa U 3aBBPIICHN 6 BaJUAWPAIIN ITPOBEP-
KU 110 OTHOILICHHE HA MOMEHTA Ha MOociIeHaTa
UTepaIs.

OTHOCHO aHa/M3a Ha Ka4eCTBOTO HA KJIACH-
¢duKays ca MOCTPOCHW MATPHIA Ha KOPEKT-
HUTE M HEKOpeKTHuTe Kinacudpukamun u1 ROC
(Receiver Operating Characteristics) kpuBu Ha
¢ur. 7 u ¢pur. 8. MarpuuTe Moka3BaT pasmpe-
JIeJICHUETO Ha MH(OPMAITMOHHN OMOMETPHUYHU
€TaJIOHU C MPABHJIHO U HETIPABHIIHO OTIpe/iese-
Ha TIPUHAJICKHOCT KbM JeUHUPAHUTE Kiia-
COBE.
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@ue. 8. ROC kpusu 6v6 8pv3ka ¢ UHM
30 NEPCOHATHA UOEHMUPUKAYUS
npu aHAIU3 HA NPBLCMOBU OTHNEeYambyu

[Tonyuenu ca uzxonuu touHoctu 100.0 %,
99.9 % u 100.0 % 3a OCHOBHUTE MPENKOBHU
MPOLIECH, KAKTO M KpailHa MaKCHMalHa TOY-
HOCT Ha pa3no3HaBaHE Ha aHAIM3HPAHHUTE
MPBCTOBU OTMEUYaThIM. [[OCTUTHATO € HaIbJI-
HO KOPEKTHO KavyecTBO Ha Kiacudukamus, mo-
TBBPKJIABAIO CE OT YCTAHOBEHUTE TUPECKTHH
HarnpaBieHus Ha ROC xapakTepuCTHKUTE OT
oOydeHue, BaIUAIUS W TECTBaHE OT JOJEH
KBbM TOPEH JISIB ‘BI'bJI, TIOCIIEABAH OT TOPEH -
CEH BI'BIL
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Due. 9. Xucmoepama Ha epeuikume b6 Pb3KA C
HHM 3a nepconanna uoenmuguxayus
npu aHAIU3 HA NPBLCMOSU OTHNEeYambyu
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Due. 10. I paguuno npedcmassaue Ha me2io8HUMe

Mampuyy u Mampuyume Ha OMMeCcmeaHuIma

MNeurons

3a a) MexnCcOUHHUs (CKpumus) ciou u 6) usxoOHus
caoul na MHM 3a nepconanna uoenmugurayust
NpU GHAIU3 HA NPBLCMOBU OMNeYamvyu
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[IpencraBenu ca 3aeMaHUTE HHUBAa Ha Mpe-
YKOBHTE T'PEIKU 32 TPUTE OCHOBHM TpoIleca Ha
reHepupaHara xucrorpama Ha ¢wur. 9. HaGmro-
JaBaHa € HEMOCPEACTBEHa OJM30CT Ha Tpelll-
KHUTE 3a 3HAUMTENIHA YacT OT MPHJIOKEeHa OHo-
MeTpuyHa WH(OPMAIMOHHA M3BaJKa, MMOMaa-
M Ha HUBO -0.0.332.

HampaBena e rpadguuyHa BU3yalHa WHTEp-
MpeTalys Ha TETJIOBHUTE KOCPUIIMEHTH U OT-
MECTBaHUSTA BbB BPB3KAa ChC CKPUTHS U HU3-
XOJTHUSI MPEXOBH CJIOW Upe3 Taka HapeueHUTE
muarpamu Ha Hinton nHa ¢ur. 10. Tyk Bceku
KoeuImeHT ce n300pa3siBa BbB BUJ] HA TeOMe-
TpU4Ha GUTYypa C OMpPEIEICH IBAT U pa3Mmep,
3aBHCEI OT HeroBaTa KOJMYECTBEHa CTOM-
HocT. [TocpencTBOM 4epBEeHH U 3€TIEHU MPaBO-
BI'BJIHUIM CE U3BBPILBA KOAUPAHE HA OTpPHUIla-
TETHHUTE U TOJIOKUTEITHUTE Terja U OTMECTBa-
HUSL

3AKVIIOYEHUE

[IpennoxxeHusT MoAXoa 3a UACHTUPUKAIUS
Ha MPHCTOBU OMOMETPHYHU JaHHH HIIIOCTPUPA
no0pa TMPWIOKUMOCT Ha M30paHUsS HEBPOHEH
amapat ¢ oOpaTHO pa3mpoCTpaHEHUE Ha Tpelll-
Kata. BbB Bpb3Ka C H3CleBaHUATA Ha CJE-
Ball| eTal I1e 0bJaT BbBEICHU JTOMBIHUTEIHN
TEXHUYECKH TOAXOAM 32 00paboTKa U W3BIIH-
yaHe Ha WH(DOpPMATHBHH Npu3HANU Kato Jlu-
CKpeTHaTa yeiBueT TpaHncdopmanus u bbp3o-
To mpeobpasyBanue Ha Dypue. [Ipensuaena e
OlIEHKa Ha MHOXECTBO METOJIU U aJITOPUTMHU
Ha MamuHHOTO 00yYeHHe Mpu pa3lo3HaBaHE
Ha MPBCTOBU OTMEYaThIM B CUCTEMHHM 3BEHA

Ha WH(OPMAITMOHHN HHPPACTPYKTYPH 32 MO-
HUTOPHUHT Ha AOCTHIIA U CUTYPHOCTTA.
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