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Fig.1 Block diagram of AFIS
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, . [10].
2 3 4 5
6
2
21
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Fig.2 Eight ridge directions of a pixel
2 8
) , 9x9 , 8
, 2 i(i=0,1,...,7 8 )
Gmean(i], 8 4 0 4 A1 5 2 6 3 7 ,
Gdiff[j1=abs(Gmean[j]-Gmean[j+4]), j=0,1,2,3 ,
iMax = arg(Max(Gdiff (1)),
iMax  iMax+4 , Gray,
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D iMax if abs(Gray — Gmean[iMax]) < abs(Gray — Gmean[iMax + 4])
iDir = ,
iMax +4 otherwise
iMax  iMax+4 .
) ) , 16x 16 ,
i(i=0,1,...,7 8 ) Num[i],
Dir = arg(Max(Num[i]) .
2.2
i, i iVar=(i+4)
mod 8 Gmean[i] Gmean[iVar],
. 255 if Gmean[i]l > Gmean[iVer])
iVal = ) )
0 otherwise
iVar 255 ,0
3
; (1) xy (2 ,
HE) : 1(4) (dicx).

d; a; &

—-180°~180°. 3 J
P3 Py Associated ridge
. . S 4 P2 P
Associated ridge Minutiae direction 8
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Ridge bifurcation
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4
4.1
P=((d ot 00 (il it 00" M 0=((0,52,09)" . (6., 55.09)")
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y . P,‘ Qj ,
. rotate[i][j] 0°~360° , rotate[i][] 400 P, O
Jotate[i][j]1<400 P O ;
P; Qj ’ ’ (PI Qj)
rotate[i][/]
R P; I O; r R, (1)
Diff _dist = %Zf:0|R(d;) —r(d),
(1)
. 1
Diff _ang = Zz’iOlR(w) - r(af)|,
L ,R(dl) r(di) R r i ,R(a,—)
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Template T
minutaie P; - 7 Template ridge
R ds " 4,
Dir_temp
————————————————— Input ridge
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rotate[7][;]=dir_temp-dir_in X
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Fig.4 Alignment of the input ridge and the template ridge
4
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dir_temp  dir_in P O
lef_dlSt Ty lef_ang 7., , P Qj
, rotate[i][/] 400.
: (4 N
1 P1 Q/ 1
rotate[i][j]. , P;
9
VG =)+ (-0
}’i r
o |= tan{@} , @
X, —x
0, !
6,-0"
(xiiyirei)T 7(xr,yr’9r)T ‘(riuei‘ei)T (ri
1€ 101' ) 1 €
rotatel[i][]].
4.2
(@D} i(1<isM) J(1<j<N), rotate[i][j]=400, P, O ,
P 0, . : ©)-
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, angle size radius_size
, radius_size angle_size.
5 . r radius_size  angle_size.
r_small if r_size<r_small
radius _size =1 r_size if r small <r_size<r large
r_large if r_size>r large
r_size =r _small +Z ,
a
a_small if a_size<a_small
angle_size=4a_size if a_small<a_size<a large

a_large if a_size>a large

. r__size
a_size= ,
- r
r r_small,r_large,a_small,a_large radius_size  angle_size
.a
, . , angle_size radius_size
, angle size
radius_size
B0
D ©)~ (9 . m_score[i][j]=0.
@) '

While 1<k<M do
While 1<L<N and ;"< angle_high[k] do
if template_point[k] and input_point[L] satisfy conditionl, then
m_scoreli][j]= m_score[i][j]+1;

end if
Increase L;
End while
Increase k;
End while
,conditionl
condition1 = fue  ify40<e |
rotate[k][/] < 400
false otherwise
Ae:{a if (a = (e} —ei +360) mod 360) <180
a—180 otherwise

S 1@ if (a=(0] —62 +360) mod 360) <180
a—180 otherwise '
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Conditionl template_point[k]  input_point[L] . Jinput_point[L]
template_point[k] ) o &=30),rotate[K][]] 400,
Py O

rotate[i][j]
1 1 Pt Qj 1

rotate[i][j]<400, P; @, , )

, P, O , rotate[k][[]=400,
5
FvC2000!™! 4 : FVC2000 [111 ,
, 1~ 4
,  Changeable_Ridge , rotate[i][j]
, Fixed_Ridge ,
,  Changeable_NoRidge
, Fixed_NoRidge , .4
.EER,EER’ ,FNMR,FMR [11], . PI11450MHz
, FvC2000 4 , ,
) , DB3
5.1 FVC2000 DB1
Tablel Results of the four algorithms on DB1 of FVC2000 Databases
1 4 FVC2000 DB1
Algorithm EER(%) EER*(%)  ZeroFMR(%)  ZeroFNMR(%)
Changeable_Ridge 4.39 4.39 21.00 100
Changeable_NoRidge 4.67 4.67 20.11 100
Fixed_Ridge 5.32 5.32 25.03 100
Fixed NoRidge 5.59 5.59 24.11 100
Changeable_Ridge Fixed NoRidge ROC 6
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4
5.2 FvC2000

Original algorithm
Fixed_NoRidge

Improved algorithm|
Changable_Ridge

ROC curve
Fig.6 Comparison of the ROC curve of the improved and the original algorithm
6 DB1 ROC
DB1 Avg Enroll Time™! Avg Match Time!™! 0.52s.
DB2
Table2 Result of the four algorithms on DB2 of FVC2000 Databases
2 4 FvC2000 DB2
Algorithm EER(%) EER*(%)  ZeroFMR(%)  ZeroFNMR(%)
Changeable_Ridge 3.27 3.27 20.00 100
Changeable_NoRidge 3.50 3.50 21.79 100
Fixed_Ridge 3.94 3.94 18.96 100
Fixed_NoRidge 4.25 4.25 24.46 100
Changeable_Ridge Fixed_ NoRidge ROC 7
Origina agorithm
T Fixed NoRidge
el i ._“l:'_';' 5 Improved a]gorithm
iy Changable_Ridge
T,
" T ([} ¥
ROC curve
Fig.7 Comparison of the ROC curve of the improved and the original algorithm
7 DB2 ROC
DB2 Avg Enroll Time™! Avg Match Time'! 0.44s.
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5.3 FVC2000 DB3
Table 3 Results of the four algorithms on DB3 of FVC2000 Databases
3 4 FVC2000 DB3
Algorithm EER(%) EER*(%)  ZeroFMR(%)  ZeroFNMR(%)
Changeable_Ridge 10.35 10.35 31.74 100
Changeable_NoRidge 10.71 10.71 36.11 100
Fixed_Ridge 12.37 12.37 39.75 100
Fixed_NoRidge 11.26 11.26 44.64 100
Changeable_Ridge Fixed_NoRidge ROC 8
—
S, W Original algorithm
o _._"h_""'h-h. —®—  Fixed_NoRidge
| I | .’ﬁxﬂ_\ Improved algo_rithm
- Changable_Ridge
bl v [ ] - [} (1S ¢
ROC curve
Fig.8 Comparison of the ROC curve of the improved and the original algorithm
8 DB3 ROC
4 DB3 Avg Enroll Time™! Avg Match Time'! 1.06s.
5.4 FVC2000 DB4
Table4 Results of the four algorithms on DB4 of FVC2000 Databases
4 4 FVvC2000 DB4
Algorithm EER(%) EER*(%)  ZeroFMR(%)  ZeroFNMR(%)
Changeable_Ridge 6.08 6.08 41.21 100
Changeable_NoRidge 6.47 6.47 39.39 100
Fixed_Ridge 6.61 6.61 43.93 100
Fixed NoRidge 6.96 6.96 56.71 100
Changeable_Ridge Fixed_NoRidge ROC 9
i — .
—— Origina agorithm
Fixed_NoRidge
Wi _E_Improved eﬂgorithm
Changable_Ridge
L W 1w i Fuk
ROC curve
Fig.9 Compare of the ROC curve of the improved and the original algorithm
9 DB4 ROC
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4 DB4 Avg Enroll Time!™! Avg Match Time'™! 0.36s.

(3]
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Abstract: This paper focuses on two key problems in automated fingerprint identification system (AFIS):
fingerprint image enhancement and minutia matching. A fingerprint image enhancement algorithm is proposed
based on orientation field. In addition, a minutia matching algorithm is proposed which modified the algorithm
presented by Jain et al. About this algorithm, a simpler alignment method is used. Ridge information is introduced
into the minutia matching process in a simple but effective way. One of the advantages of doing so is to solve the
problem of reference point pair selection with low computational cost. In addition, the changeable sized boundary
box is used to make this algorithm more robust to nonlinear deformation between fingerprint images. Experiments
are done on the FVC2000 databases with the FVC2000 performance evaluation method and the results show that
this improved algorithm is better than the original one.

Key words:  automated fingerprint identification system (AFIS); image enhancement; minutia matching
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