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Abstract This paper proposes a nonlinear diffusion filter to enhance fingerprint image
and extract the minutiae according to the characteristic of the fingerprint. The algorithm
uses the structure tensor to construct diffusion tensor, and makes the filter diffuse along
the ridge direction. In order to improve the computing efficiency, according to the discrete
format of the diffusion tensor in a window size of (2n + 1) X (2n + 1), the diffusion filter is
split into 4n directions, after that, in each direction the fingerprint enhancement image is

computed with Thomas-(Gaussian elimination algorithm. The advantage of this algorithm
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is to connect the breaking ridges in an effective way, and without changing the continuity
and singularity of the ridge. Experiments on NIST27 and FV(C2002 databases show that the
enhancement algorithm based on nonlinear diffusion filter could improve the performance of

extracting minutiae and correct fingerprint matching ratio.

Key words Fingerprint enhancement, non-linear diffusion filter, minutiae

Tl

1 g

G B &% AN/ B0 37 iR B sk B A MW EFE. MAENEDRFIEIRS| P Y
EORAB ARG T EERANER AL LN A, £ERMTEISEARPHFE, UL RR™
SR ER DA, A, B HTERTFATMVLMEHEENERAE. 8XK86E1C FHNE
N, UURERIEE., Bx8MmEE. AR FIIFFZF@.

H S 80R A F ERFEESUF RIS S, 75 B804 7 S 2+ 80R A
R R, R HSNELGRAF RS, TEFEERHA TZRENXEBHRFRNZF LM,
KEVIESFRRE L EZE, MAT SEARUWRHRFIESZRENREM. i 8IER
B, KRR BB ERSEEERASE 10% WEHA. AT EERESATH, —
itk AR A FEA 3T T s B R gk frigse, R EAER, AHER, BREALE
i DR A, Wk [1) Y.

FeorgR, MEMKERENELEE R —SEWEEHITOE, FHAKEWEMm
b, REXEMAEBHEEWFLEEFEEME R EMFEFEL, B E2RIEFFIEFE BE#
AR A B, £ N, EFERDCEMIESE R EEHITTHR . 448
2SI A, Hong 48 1B T H A M #Y Gabor JEIF B LIRS EE", HERZFEBE
B &R, MERMAEITTERP RN ARLIMERE LK. B THRE0ERY H 218
Yo UHRIE &, Maio S L AEKEEG FHERESRBERA S0, HRM THRE
LIRS B BB Y SR F AR, infECEk (4] H, A 350dpi B R BUKRE
Wi o RN 11.8% R E AT &, Hein 24.2% §9 th4877 5. Almansa $2 HH R =58
3R BB N 18 808 20 45 508 8 ﬁi}%w] REXFMPHIHERE EEE, HEN TP EL
BELRBENSYH, HREAmMERTE, FAES BB RS EK. Gorman
F=SCHER (6] R A R I A 2 R AR IR U8R, U EXEHEREERRY
7= a3 A o os, A kIR AR R E RIS 808 E, FmXEK [7). XEH
BRI At S8R, HERAG RIS IR S8 E “5H " 8
B, FHFHXEEEFRAEBIELFTH R "(HBIANBEICEXER) IFENEHR
. Wu 7 CHE [8) it T — M EBZDRERSLY R 7, B2, IMFEHEF
FAEIHNSSORIN ARG H, HREREEZMNOENIFZZH 12 7 FIE K 48 4 A0 I8 5 5%,
XEERRIESS ANEL, SHRFHEER. A THEEFE T IENRS, 23X HIESET
BB s o R, HIL S BIRQUER B ERTL T Y B, BHILE® 3T+ F BTy
—i6 PR 7 HITIRE, IEENRNIESCEZ.

EAET BEEEEEMTaERER P R GEBRTERE TRFHHRD. £/
P, RENG REENBENIERHEXEBENTERR, MERELEZAHIE
SHEENEERRN. RRAELEY Sk ma gt BERW L, Rk T EMEAIEL




856 H 3] e F i 30 %

HERTABRATERA. FHEHOT: 52 TARERET BURIR, b 7 RERRE
SR, DRRIBEEIRTES 3 WHITITR; & 4 Wi ERIEE NIST27 LI X FVC2002
FISEmEE R, BaX Rty BB R RH#EITES.

2 ALY RO AL R H A

LA T AuissER RS BT RN

%% = div(DVu), (i,j) €I, te€ (0,+00)

u(t,3,0) = I1(4,5), (i,5)€l, te(i,j) (1)
< DVu,n>=0, (,5)el', te(0,+00)

EXH D R—XARIERE 45, FRAY BokE; ©r BRER I LR, n & I B4
MR VE2BERET; <. >RRAR. &8 < DVu,n >=0 RV HERGREL, #
AEVMHEE X LRGN ARG EYMEL o, t) REERESY t HZGRERY B
RS, MEEBGHEFPRRERIBIRGER.

BT HE—BEXERT, FROTHEEA B, HEAENEEGRERN, FER
RSB RGN ZEE D, F8: (1) IWERLER MY 8. RBERRBEWEY
TIERRGEHKE. &%

o1 12 + 92
6= pon( - E2) .
v(%,5,t) = go "ul(i,u,t) (3)
a b ’Ui Vs Vy
S = =g°* *"Vo® Vv =¢° " )
d C Vx ’Uy 'Uy

R« FEBEH, @ RRKEIME, S RAGEHKE, o M p BRER, HFHM o =05,p=5.
GHRKBREISITHRSEGRNESFFEENEN. SHERMEERR, FFEHEKHEF

EFBXT N T RERCOF LA T, TRFEE /DA RFE F B XN TR 808 L a0 77 ).
S HAFIE M & w, STV IRSHIE L. B E—R B & 10, 5) REXT B HFE A

Bw, = (w,,w,) &, WK G5) WELKIE 0,j) € [0,7) K O, j) = tan— (w,, /w,,).
& 1 MERE w, BEIRIRELIT I

‘}‘- Vi . . *',,‘
e, v

(a) R+ 4E® (Original fingerprint image) (b) R (Orientation field)
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Fig. 1 Orientation field obtained by structure tensor
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Fig. 2 Filter the image (a) in figure 1 through
equation (5}, iterated 256 times
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Fig. 3 The four directions in a 3x3 window
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Fig. 4 Filtered image after 3 iterations EFE. ME 4 REBEE R,
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4.1 TR FEFYRRATLE

Fr & # A AR 7E Intel Celeron1.2GHz #y PC L #4r, HHNFEK/NF 256M. HEETE

FVC2002 & NIST27 L &itEatamsE 1.
¢ 1| FHR AW S35 B fa]

Table 1 The average time using our method to extract minutiae

¥ A FVC02 dbi_.a FVC02 db2.a FVC02 db3_a FVC02 dbd.a NIST27 .
X[ 48 K /) 388 x 374 206 X 560 300 x 300 288 x 384 800 % 768
31 bb BB 55 ) 1.358s 1.548s 0.862s 1.062s 5.671s

MFE 1P PLE Y, SRaEGELER, FlnsE NIST27 -, B#IIWEEEERTH
4. MAT FVC2002 XEREERE, HIMWALEREELKXISSORIAER. ERi
SRR XY L RN 5 . MW 5 R FE LA XHILFRRFFEZM B

(a) A+ E A (b) B Gabor ¥R R (c) ASCHEBR
(The original (Enhancement result (Enhancement result
fingerprint image) using Gabor filter) using our method)

5 MFh RS mETR

Fig. 5 Result of image enhancement by two methods
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Table 2 The performance coparison of the

minutiae extraction algorithms %IEE}Z‘ZETJ &"A‘Z‘:IEJ ;5““‘113[1 jﬂTﬁ‘ﬂiﬁ

IM Image 1 and 13 3] 9 FIEVE— T HXT R, Sk [5] [XTE L FF

A G Q 1Y 2 BEEMR LEfT LR, A CESEEX IR

FN/M 0.00% 28.00% 12.00% E{%Liﬁﬁijﬁ W Iﬂiﬁk [3] %ﬁ%% A, 3{@(

FP/E 3.60% 3 60% 8.30%

FC/E 20.00% 19.60% 9.70% S| IHIEAN G, AL HFEILH Q. B 6 4
CC/E 19.90%  76.80%  81.90%  HOERBBANTT & HYEREHE E 2 k.

NN

—_—

1
|

(a) No.1 (b) No.13
OF-Li¥ ¥ i:p= TR L
(Represents the end points) (Represents the bifurcation points)

6 SRR AT R

Fig. 6 Extracted minutiae by our algorithm

MISCHK (3,5] fHEL, AICEMETRAMRBULMY S, FHFHERSCRBREH, EARKL
R FC/E 1 CC/E FE R0 1E #5148 20 HERE.

AT — AT A ORI AL, M NIST27 f8 8848 B fr ik, NIST27 @&
258 WRH S KBRS0, HEHFT A QBB R s E R iricy. & 7
ABRXHE Q 5EXRERWAVTEARERE. £32HEHS 10 BHEEGERAAT SHE
.

IR 3 aLLE Y, IEWET AT S K4 85% M & RIBE M —3. RIE NIST27 $iE
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O EFRBREH A4 , [ 22 30 5 B LA 40 5 45
(Represents the expert extracted minutiae) (Represents the minutiae extracted by our method)

H 7 A XHESEXREREHT SR ER
Fig. 7 The example applying on method and expert to extracted by our method

% 3 A NIST27 B4 2

Table 3 The extracted minutiae in database NIST27 by our method

Imagel Image2 Image3 Image4 Imaged Image6 Image7 Image8 Image9 ImagelO VFHJ{H 2

M 106 99 101 120 142 112 88 92 102 109

E 97 115 109 118 134 109 77 87 115 130
FN 15 17 14 18 183 21 17 10 11 10

FP 6 33 22 16 7 18 6 5 24 31
CC gl 82 87 102 127 91 71 82 91 99

FN/M 0.142 0.172 0.139 0.15 0.107 0.188 0.193 0.109 0.108 0.092 0.14 0.036
FP/E 0.062 0.287 0.202 0.136  0.052 0.165  0.078 0.057 0.209 0.238 0.149 0.085
CC/E 0938 0.713 0.798 0.864 0.948 0.835 0.922 0.943 0.791 0.762 0.8514 0.085

4.3 RARERVEN

BT #E— M A Sc 8, FIASCH IR FVC2002 X048 FER BR, AR5 VLA H
&mﬁaﬂﬁﬁm%%%mﬁﬁ:ﬁ#ﬁ%ﬁ%ﬁtﬁ%%ﬁ%'ﬁ%ﬁ$iﬁ%@ﬁ@
{RIEHAN T 55, PR IE FSCHR (9] 89 = AVLECH L7 FVC2002 Lk, 15 F|7E FVC2002
4 B IR SIYRRE, 188 FMatceh. [R1RT40 F SCHER (2] B Gabor 38 % 18 58 45 S0 FR,
HTE MR E R = AUCESITIRS, i8R FGabor. TERANTH = A VCELH k4 H A 409 &
PO E . FAERX 3 NS, MRERFRELNEHE. B4, BT MeHE
FrHe&e, Akt 2 FVC2002 A BHFVLA B 81, FFEAT X SR B pL A A B 08 — 4
PA24 #FTHEE. FE 45 T7E 4 THHEE LR HE R,

7% 4 FLAE FVC2002 48 FE LAY &5 S 1 HE OB

Table 4 Comprehensive comparison in FVC2002 databases among difference method

Dbl Db2 Db3 Db4
EER FMR100 ZeroFMR EER FMR100 ZeroFMR EER FMR100 ZeroFMR EER FMR100 ZerUFME
PA24 2.36 2.82 4.64 2.35 2.64 5.36 6.62 9.68 20.43 3.7 5.54 et
FMatch 2.48 3.21 18.17 2.9 9.96 21.96 5.13 18.21 23.35 4.39 15.96 21.82
FGabor 4.95 13.42 16.28 1.77 4.35 5.46 9.25 18.42 22.03 567 -13.96 25.5

M 4 FTLAE W, DAARSCHEIRF L AL A 1Y B 3h 45 80H %Uﬁﬁi%ﬂﬂ% H TR
RSO BIEREAREL, RIFERBF T .
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