ISSN 1975-8359(Print) / ISSN 2287-4364(0Online)
The Transactions of the Korean Institute of Electrical Engineers Vol. 65, No. 6, pp. 1060~1069, 2016
http://dx.doi.org/10.5370/KIEE.2016.65.6.1060

ARl 7IHs ST RBFNN 38 277] 7|8t 7i4E RZQ1A]
Al2E A

Design of Fingerprints Identification Based on RBFNN Using Image Processing
Techniques
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(Jong-Soo Bae - Sung-Kwun Oh - Hyun-Ki Kim)

Abstract - In this paper, we introduce the fingerprint recognition system based on Radial Basis Function Neural
Network(RBFNN). Fingerprints are classified as four types(Whole, Arch, Right roof, Left roof). The preprocessing methods such
as fast fourier transform, normalization, calculation of ridge’s direction, filtering with gabor filter, binarization and rotation
algorithm, are used in order to extract the features on fingerprint images and then those features are considered as the
inputs of the network. RBFNN uses Fuzzy C-Means(FCM) clustering in the hidden layer and polynomial functions such as
linear, quadratic, and modified quadratic are defined as connection weights of the network. Particle Swarm Optimization (PSO)
algorithm optimizes a number of essential parameters needed to improve the accuracy of RBFNN. Those optimized parameters
include the number of clusters and the fuzzification coefficient used in the FCM algorithm, and the orders of polynomial of
networks. The performance evaluation of the proposed fingerprint recognition system is illustrated with the use of fingerprint
data sets that are collected through Anguli program.
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I ot V— g < e (14)

3.3 2HRR aigtlE B4 : &4 ASH(LSE

SR CFaAlo] nigt|E] Al&E Least Square Estimator
(LSE) Blrae AMgsiol FEET LSEE SUH CIEAEY
ASE shHol| FotE2 MY 2dlo] sk 41410] 7vsotH QA
A9 g0l A7t Hes AeE FFsI[11]

3.4 PSO(Particle Swarm Optimization)E O|€%t A& W&
25| s}

RBFNNZIHE A2 aiE 27719 g8 Suisklol dse
Iz =017] floiMe Aol ABEHE sktrE =& skt
ot 2 =woke Az g BF779 FHHE Sk
PSO 2aIE|S(AREE FAsh LalglH)e ARSSth PSOE #
gl Ao dSste Al uivh 2117189 85 FAle HiEeR
oF &gt gag|BoIth[11] Zsh it 7IMe ThRiel =2
oF JoolA B0 Thsotes sh dEet 8 AURIE AL
sfo] B2 AMAL ool 2F9] siE 2l The SEA dHE
O} org=log 8ol 7hsaithe &30l QT

4.1 RBFNN 7Tt A2 #i8 E77|9 g 48 2 g5
oy T4

T 10= RBFNN 7]EF X2 @8 2279 F&sE 95 u}
2He Az aeiee B WHeE LERQICE okl &
20= A 8 87719 259 uetnHE 37] {18 & 300
LIERH 6007H9] Training Data™Q& 85 5, AF 3, HAE 29
HIEZ LERo] 788 21 LIERAQITE

E 1 3As oy A8 9 aletne A He)
Table 1 Setting of Optimization Parameters and Search
Range of Parameters

Parameters Value
No. of Generations 100
Swarm Size 50
(W10 W] (04, 09]
GG 2.0
Fuzzy rules 910
Search (Number of clusters)
Range Fuzzification coefficient 1.1~3.0
Polynomial type 1~4

* Polynomial Type : 1. Constant, 2. Linear, 3. Quadratic,
4. Modified Quadratic
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Table 2 Compose the Training and Validation, Testing data

for Optimization of RBFNN's Classifier

T Value
ype
Training Validation Testing
Left Loop /ﬁ)
agm | | P - %0
Right Loop
F 75 45 30
©agm |
Arch /f“\\“\
@um | PR\ 4 30
Whorl
QAR) @ 75 45 30
A - 300 180 120

ool & 3ol FE9 AE HEH BERVIE AA T AA A
g= st RBFNN A2 HiH 27719 skstlolE 2 HAE O
Ol +4& LIEM Aot sk5 HIoHZE= Class ¥ 150714
Z 600709] QAIRAEE Moo AMESIICE HIAE HolHZE
sk HlolHA AMESH XIEY SYUSH AROJA|EE ojnlx|Q] Al
ol gME FHEE Yol w0IRE AUl BELIE Classy
25784 & 100719 HIOIHE Tg510] AMSSIFn) Ade & 9
g sl¥on omnitt HIAE ElojEle 8% HoEHZE ANESHK
£ A& OHAE SollA FARIZ 100704 AHSHACT.

¥ 3 RBFNN A& #i® ER7|9 s ¥ HAE HolH
4

Table 3 Compose the Learning and Test data of Classifier

T Value
ype
Training Data Test Data
Left Loop
ERAR) 190
Right L
(lg A M(\):?)p % 150 Random© 2
TA C;l“ 100749] ElolEIS
re A A
ERe R\ 190 =
Whorl
one | @ 190

42 ma 85 B7} EH(FAR, FRR)

FAR(False Acceptance Rate)Q} FRR(False Reject Rate)= T
A g5 g7 WS ShOITE FARE SF A9 XE0] 584
o] Qe W THE Aol QAlg Alaia 38 SEE st
Ch HAE @ tEd 2t s589 AFRE A LA
n—189 e YEAIA k(n—1)3]9 TIRE 4AlSH] L 4

AexzE 7|Me S8 RBFNN #iel 2/7| 7|

_,_
N
=
X
n
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43 HERT 719
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[_protem {10000 [F—cr ]
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— .
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Fig. 20 Parallel Computing

Hyx]g] 7ot HEZ2AY WAooz & F0j9] F¢
StLel d& 4709 CPUo| &2HiSY SAloll Atlske Ag Wot
Ch 2 =RoMe d4 AHelsE =017] Q6] Matlab®] Parallel
Computing ToolboxE O]&€35}0] CPUZ} HE GARTIE & 4+
A-= ST

44 X2 oMK E o8¢ A HE BFVIY d5 H WE 4
s g7

HAsdrle 259 miehg gte olgst Axl Al &8s, O
gl miEa et s B2 U0 LERILE 2RSH gaielE
£ S0l Fuzy rules= 3, Fuzzification coefficients= 1.885,
Polynomial type2 2(Linear)Z A&sIRA o] Z&9 ml2iulH
FHES Ol83o] ool & 40 RBFNN #H EF719] 458 Lt
ERACE AEe & 9Ho Ade gujehal 7 AgY FARIR
1007§9] HIZE AlEe At # 45 HW AF © RBFNN
9l 52 HB%~100% SL== Lgtal DA Agol oist gve
97.6% HEZHCH

3 49| FAR, FRRE & ds #7IE UER ZO[Th FAR &
2 Z Ag Y UE ARMOE o Al RRS S5t 75
Z 100719 HAE XREE A¥slo] HAE S190L FRR Age
2t A E THE AFHCE ot A9 REe S5otal s9sh AR
o

A
9] A& OIn|A] AEi7} THE 10089] ARIES EIAER ARESIRICL
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Table 4 Performance of RBFNN's pattern classifier about

or

actual experiment and evaluation of matching
performance by FAR, FRR

s arl A9 s
=" | Training | Testing FAR FRR
1 100% 0.01 0.16
2 95% 0.01 0.34
3 98% 0.01 0.06
4 99% 0 0.04
5 100% 97% 0.03 0.19
6 95% 0 0.02
7 98% 0 0.01
8 99% 0.04 0.02
9 98% 0.01 0.06
Ave. | 100% 97.6% 0.012 0.10

E 5 AUSE e 9t iy E A2ARE
Table 5 Method for improving processing speed and
processing time

REEEES £017] Flol AKSsH 2l ARt
HEA + A2 A + A29 gef 27 1748%
A 3 + X9 g 257 56.57%
AEe e 5% 5E36%

o 101 oA 24811%

L & 52 2 =RoA HEAIE TFAF17] s dAst
AR gef £7 e AIgRls et XR9 Jd, WExz
7Y 52 ol&sidls W GuiEe] XAkl HEEU=AE
LIERH Ziolt}. Hax 2] 7[H9 49 Z2OH ois e
CPUZ} HEZ Xzloly] ol HeAte BEAE = A &
Holt ARe] g™ e XE9 sFE e Assiol g
QA7) Mol 71E mE Al o 4EZ off¥ wiE ok S
ZAE sidsto] AlRte tEE 4 e dHolth. X129 FH
2% dHe X129 FgEHE ERgozZN HAE REW g5 o
noxjo] tist AxE] 3 £ Databaseoll ERIGH= 600712 A&
g 5 11 mEE g glo] AR EF7F YRsh= 150719

]

A2t miastd =7 mzZo] A2l ARte giEeR &Y +
e dHolrt. WEAND] + AE 2 + Az g8 27 &
He 2 =8olA At ARte B5AE & e e dHe
ARETH Z1010L & 5014 A2 B + A9 g 27 dH2
AT 7IHE AFESHA 29ke mel Al Alkbe LR Z10]
Ot Ao g8 BF 2 dEAel 8 HAE omxY X

20| S s 23l AR Hejw ERatol %
S WOl AR e ZolTh B 101 iy gie AR
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