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Tém tit: Trong nhirng nam gan day, nhan dang
van tay 12 mot van dé duoc nghlen clru rat phd bién,
cac ky thuat nhan dang duoc ap dung trong ca linh
vuc dan su va phap y. Tuy nhién, tién trinh nhan dang
bi han ché véi cac mau van tay khong diy du hoic c6
chit lugng kém. Trong bai béo nay, chung toi dé xuat
mot thuat toan ting cudng anh dé cé thé khoi phuc
dang ké céc anh van tay chat lugng kém. Ngoai ra
phuong phap st dung ngudng toan cuc ciing dugc ap
dung trong qué trinh so khép mau nhim muc dich
giam ti 1& chap nhan sai va tir chéi sai.

Tir khéa: FVC2002, FCV2004, tang cuong anh,
van tay khieém khuyeét.

I. GIOITHIEU

Nhan dang va xac minh van tay dugc str dung kha
phd bién trong cac h¢ théng sinh tric hoc. Qua trinh
nhan dang chii yéu thuc hién dbi sanh van tay dau vao
Véi co so dit ligu da luu trong hé théng. C6 nhiéu thuat
toan nhan dang di duogc dé xuat nhu: nhan dang dua
vao ddc tinh duérng van [1], nhan dang dua vao d6
tuong quan [2] va nhan dang dua vao diém dic trung
[3]. Trong do6, nhan dang dwa vao diém dic trung la
phuong phap phd bién va duoc sir dung rong réi nhat
[4], [5]. P6 chinh x4c cua céc thuat todn nhan dang
dong vai tro quan trong trong cac cong trinh nghién
ctru. Nhiéu mau van tay c6 chit luong kém do chét
lugng déau doc hay muc in,... tac dong khong nho dén
két qua nhan dang. Trong [6] Ling Hong va cong su
da dé xuat thuat todn ting cuong anh van tay dua trén
wu diém chon loc tan sb cua bo loc Gabor. Trong [7],
cac tac gia da str dung phép bién di Fourier thoi gian
ngan (STFT - Short Time Fourier Transform) dé ting
cuong cac anh van tay khiém khuyét. Cac phuong
phép két hop gitra thuat toan FFT (Fast Fourier
Transform) va bo loc Gabor ciing da dugc thuc hién
trong [8], [9], trong d6 phép bién d6i FFT gidp ndi cac
duong van bi dut trong khi bo loc Gabor gidp loai bo
nhidu dong thoi cai thién cau trac duong van va ranh.

Phuong phap dbi sanh van tay dya vao dic trung
chi tiét dugc st dung trong bai bao nay. Qua trinh xac
dinh ngudng toan cuc dugc thuc hiégn mot cach tu
dong vai s6 lugng I6n mau van tay trong co sé dir lidu.
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bé cai thign chat luong anh van tay dau vao ching toi
dé xuat thuat toan ting cuong anh van tay dua trén
phép bién d6i STFT. He thong dé xuat c6 kha ning
nhan dang ca anh vén tay day di va van tay khiém
khuyét. Céc thi nghiém duoc thuc hién trén hai bo dit
ligu FVC 2002 (Fingerprint Verification Competition -
2002) [10] va FVC 2004 [11] cho thdy hi¢u suat nhan
dang dugc cai thién dang ké so voéi céc thuat toan:
STFT [7], Gabor [12], SURF [13] va DWT [14].

_Phan con lai cua bai bdo dugc to chirc nhu sau:
phan 11 trinh bay veé thuat toan ting cuong anh van tay
dé xuat; mé hinh nhin dang van tay khiém khuyét
cung véi qué trinh xac dinh ngudng toan cuc dugc
trinh bay trong phan I11; phan IV 1a cac két qua thyc
nghiém va phan 0 Ia két luan caa bai.

. TANG CUONG ANH VAN TAY

Anh van tay dau vao céc he thong nhan dang
thuong c6 chéat luong thap nén can thiét phai duoc
nang cao dé cai thién chat luong anh va lam tlen deé
cho giai doan trich chon dic trung. Trong phan nay
chung toi dé xuat thuat toan tdng cuong anh van tay
dua trén phép bién dbi STFT két hop véi cac bo loc,
mo hinh thuat toan dugc trinh bay nhu trong hinh 1.

An}] van tay
déuivéo
Phan tich _ | Vung mat
STFT o na
B6 loc Anh dinh Tang cuong
»| Median& [ hudng mién
Wiener duong van Fourier
Cén bang Anh tin s6
| Histogram dudng van Anh van tay
+ tang cudng
Anh két hop

Hinh 1. Gidi thuét tdng cwong anh vén tay

A. Phan tich STFT
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Phép bién ddi Fourier thoi gian ngan (STFT) duoc
biét dén trong xur ly tin hi¢u la dé phan tich céc tin
hi¢u khong on dinh. Trong qua trinh phan tich STFT,
hinh anh duogc chia thanh céc ctra s6 chong chéo nhau.
Phé Fourier cua cac vung nhé nay dugc phan tich va
thu duogc cac ude tinh xac suat v€ anh dinh hudéng, tin
sd va viing mat na [7]. Béi vai tin higu anh 2 chiéu
I(X,y) phan tich STFT dugc cho boi:

X(z,,7,, 0, @,) =

o0 00 . . 1
10w og,y-egeiereraay O

Véi 7,,z,biéu dién vi tri khdng gian cia cua s6 2
chiéu W(X,y). e, a,dai dién cho cac tham sé tan sb
khong gian. Tai mdi vi tri cira s6 phan tich, cac pixel
chong ghe’o nhau tao nén sy lién tyc cla cac duong
van. Moi khung nhu vay s& tao ra duy nhat mot goc
dinh huéng @ va tan so f trong vung. Ham mat do xac
suat p(r,)va ham mat do bién p(r), p(g) cho boi:

| (r, 9)|
p(r.0)= 2
[[Feor
p(r) = [ p(r,0)do (3)
p(6) = [ p(r,O)dr (4)

B. B¢ loc Median va Wiener

Bo loc Wiener thuong duoc st dung dé tang cuong
hinh anh bang cach loai bo nhiéu. Y twong chinh cua
b6 loc 1a khdi phuc lai hinh anh dua vao hai budc: dau
tién hinh anh bi lam mo véi su tro gilp cua mot bo loc
thong thap; sau d6 bo loc duge dao nguoc dé khoi
phuc lai hinh anh ban dau do d6 né giir dugc sy can
bang cua loc nguoc va lam ma hinh anh.

Mot khu vuc dugc chon trong khoang ma tran 3 x
3 cta moi pixel cho phép udc luong theo (5):

(|(ﬂl n,)— ) ©)

Véi u, o”latrung blnh va phuong sai; v? 13 phuong
sai ctia nhiéu.

W(nlln ) ,U+

Bo loc trung vi (Median) la phufong phép 1lam min
phi tuyén duoc sir dung dé stra cac diém anh bj nhiéu
ma khong lam thay doi cac canh trong dnh, y tuong
cua bo loc 1a thay thé diém anh hién tai bang Qi tri
trung binh cua d¢ sang trong ving lan can. Noi cach
khéc, bd loc Median hoat déng bang cach tinh trung
binh cac bg loc 1an can, tuy nhién n6 khdng tuyén tinh
va hoat dong trén hai anh A(x) va B(x) sao cho:

Median[ A(x) + B(x)] = Median[ A(x)]+ Median[B(x)]  (6)
C. Anh dinh hiéng dwong van
Gia sir rang goc dinh huéng ¢ 1a mot bién ngau

nhién c6 ham mat do xéac suit p(6). Gia tri ky vong
ctia huéng ndy c6 thé thu duoc theo:
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. [ p(o)sin(20)do

-2 R 7
Ei% tan j p(0) cos(20)do "

Anh dinh huéng O(x,y) dugc Iam min hon béng
cach su dung (8) vaoi W(x,y) dai dién cho mét bo loc
[am min Gaussian kich thude 3 x 3 [7].

_, sin(20(x, ¥)) *W (X, y) ®)
cos(20(x, y)) *W (X, y)

o'(x,y) = %{tan

D. Can bang Histogram

Can bang Histogram Ia qua trinh bién doi 1am cho
cho cac gia tri mirc xam cua anh c6 xac suat xuat hign
phén bo déu trén toan khoang [0,1], nghia 1a dai dong
cia anh s I6n hon va do tuorng phan cao hon.

Goi P (r,) Véi | = . la cac gia tri histogram
chuan hoé cua anh thl qua trlnh cén bang hlstogram

dugc biéu dién bai (9), trongdo k=1, 2, ..., Lvas la
cac gia tri mirc xam cua anh.
k kK n.
)= 2R () > ©)
= N

E. Anh tan sé duwong van
Hinh anh tan s6 duong van trung binh dwoc wéc

tinh theo cach tuong tu. v6i dinh huéng duong van.
Gié tri ky vong cua tan sb duong van dugc cho boi:

E{r}= j p(r)rdr (10)

Hinh anh tan sb sau d6 dugc lam min theo:

S5 FUW I @Y)
F '(X- y) = u:X71VZYy*+11 (11)
Z W (u,v)1(u,v)

v=y-1

F. Vung mdt na

Hinh anh déu van tay cé thé duoc phan doan dé
dang dua trén nang lu’ong pho Fourier, c6 rét it ning
luong tai c4c ving nén va nhiéu noi ma tai do khong
¢6 hinh anh van tay. Tu do Vung ¢ dau van tay c6 thé
duoc phan biét voi nén danh gia hinh anh ning luong
E(x,y) cho boi:

E(x,y) = Iog{ ] IF(r,a)F} (12)

G. Anhkét hop

Xem xét dinh huéng ciia mot khdi 1a O(x, y) va
kich thudc khdi 1a W x W, hinh anh lién két khdi dugc
cho bai:

3" [cos(00ty) ~ 00, ¥,
C(Xo' yo) =10

W xW (13)
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H. Tdang curong mién Fourier

Hinh anh dugc chia thanh céc cira s6 chong chéo
nhau, pho cua cac vung nho nay dugc phan tich va dua
ra cac udc lugng xac suat vé tan s6 va dinh huéng [7].
Trong mdi cira s6, mot bo loc duoc ap dung diéu chinh
phtl hop véi hudng chiém wu thé nhét dugc cho boi:

H(p,¢)=H, (p)H,(9) (14)
(PPan )™
H (p)= 15
() \/{(ppsw)z”ﬂpz—pé)z”} ()
2 77(¢_¢) .
ZW %) kn
H, (@) = S{z I } <
0 khi |@]> gy

O day H,(#) 1a bo loc cosine nang cao véi goc
trung tim ¢, va bang thong ¢, 1& pham vi cac goc sao
cho

20.5; H, (p)la bo loc Butterworth voi
dai trung tam 1a p, va bang thong py, . p, CO NGUAN
gdc tir hinh anh dinh hudng va p,, duoc chon ti Ié
nghich véi phép do su gan két.

lIl. NHAN DANG VAN TAY KHIEM KHUYET

Van tay khiém khuyet la khai ni¢gm dé chi cac anh
van tay c6 chat luong thap bao gom bi mat mot phan
bi lem do muyc, qua toi hoic qua sang do cam bién,
nhrleu . Hinh 2 mé ta mét s6 anh van tay chat luong
thap trong tap dix ligu FVC2004 véi nhiéu kich thudc
khac nhau.

M6 hinh nhan dang van tay khiém khuyét dugc
trinh bay nhu trong hinh 3 Véi hai qua trinh chinh: tryc
tuyén va ngogi tuyén. Trong ca hai qua trinh, cac mau
anh van tay ngd vao qua budc tién xu Iy va nang cao
chat luong hinh dnh nhu da dugc trinh bay trong phan
11 nham muc dich: ndi suy cac duong van bi mat, hiéu
chinh cac duong van bi léch, loai nhiéu. Tai day mot
s6 viing anh qua kém, khdng thé phuc hdi s& duoc loai
bo dé khdng anh huong dén giai doan lay dac trung.

Hinh anh van tay da nang cao sau d6 duoc nhj
phan héa vé dang: mirc 0 (mau den) la cac duong van
va mic 1 (mau tring) 1a cac ranh phuc vu cho céc
cong doan sau. Giai doan lam méanh va phan vUng
duoc thyc hién ngay sau do dé dua hinh anh van tay vé
dang b6 xuong véi cac dudng van cd do rong 1 pixel
dé thuan tién cho giai doan lay dic trung.

DEBE2B 107-7

DBEZB 104-8 DBE3B 102-8

DBE2B 105-8

DBE3B 104-8

P

DB4B 101-1 DEB4B 101-3 DB4E 104-5 DE4B 109-4 DE4B 110-2

Hinh 2. Anh vén tay kém chét lvong
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4{ Co s6 dir liéu %

Hinh 3. M6 hinh nhan dang vén tay khiém khuyét

TRUC TUYEN

Céc diém dic trung bao gom diém két thiic duong
van va diém ré nhanh duong van s& duoc trich chon
dua trén anh da dwoc lam manh va vang quan tam lay
tr qua trinh tang cuong anh. Thuat toan st dung trong
bai bio niay dé tim diém dic trung minutiae 13
Crossing Number [15]. Gia st I(x, y) la mot diém trén

duong van da duoc lam manh va po, py,..., p7 1a 8
diém xung quanh no thi:
1 8
CN(p) = EZlval(pi)—val(pm)l A7)
i=1

e CN(p)=1: I(x,y) 1a diém két thic.
e CN(p)=2: I(x,y) 14 diém nam trén duong van.
e CN(p)=3: I(x,y) 1a diém r& nhéanh.

Trong qua trinh "ngogi tuyén", cac dic trung chi
tiét nay s& duoc so sanh véi cac dic trung cua van tay
khic va luu vao co s¢ dir ligu (CSDL). Qua trinh so
sanh duoc thuc hién theo [16] cho ket qua 1a diém sb
turong dong SM cua hai mau van tay can so sanh.

2
SM (X y) match (18)

xny

Trong d6 Npagen 12 s6 cap déc trung chi tiét phu hop
vany, ny la s6 dac trung chi tiét ngd vao cua ting mau
van tay can so khop.

Gia sir ¢6 k nhém van tay (cung ngon tay), mdi
nhom c6 n anh van tay trong tap CSDL. Goi Ac, Ao
lan Tuot 1a diém s6 twong dong trung binh cua cac van
tay cung nhom va khac nhom. Nhu vay s& co k gia tri
Ac va Ag ung véi k nhom. Gia tri Ac va Ao dugc cho
bai (19) va (20) véi N = n(k-1) 1a s6 lugng mau van
tay khac nhom.

n(n 1)12;,;];18'\/'(1 1) (19)
N(N 1)2;ZSM(1 ) (20)

Gia tri ngudng toan cuc Tg duge xac dinh theo Ac
va Ao nhu sau:

min(A.) +2*max(A,)

T. =
N 3

(21)
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Tai qua trinh “tryc tuyén", dic trung chi tiét cua
anh van tay can nhan dang s& dugc so sanh lan luot
V6i cac dac trung cua van tay khac trong CSDL. Goi
A 1a diém sb tuong dong trung binh cua van tay can
nhan dang veéi nhdm van tay thir i, cha thé s& duoc
nhan dang 1a i néu A; > Tg, cac truong hop khac s&
khéng dugc xac minh.

IV. KET QUA THU'C NGHIEM

Trong phan ndy, ching tdi s& thuc hién céc thi
nghiém dé danh gia cac giai thuat ting cuong anh va
nhan dang. Toan b thi nghi¢ém duoc thyc hi¢n trén
Matlab 2016a v6i CSLD lay tir FVC2002 — set B [10]
va FVC2004 — set B [11]. Day la cac tap anh c6 kich
thudce khac nhau va duoc ldy mau tir cac cam bién véi
do phan giai khac nhau nhu dugc thé hién trong bang
1. Pé tién viéc so sanh va danh gia két qua, ching toi
chia CSDL ra lam hai tap binh thuong va khiém
khuyét nhu sau: DB1, DB2, DB3, DB4 cua FVVC2002
dai dién cho vén tay binh thuong va DB2, DB3, DB4
cua FVC2004 dai dién cho van tay khiém khuyét.

pé dénh gia két qud chung toi str dung cac tham
s6: diém sb tuong dong SM (18) glua hai van tay can
so sénh, gi& tri nay cang thap thi hai van tay cang khac
nhau va SM =1 khi hai van tay giéng nhau hoan toan.
Ty 1é chap nhan sai FAR (False Acceptance Rate)
dugc cho bei (22) la ty I¢ ma mét van tay ngoal nhom
dugc nhan dang; ty 1& tr chéi sai FRR
(False Rejection Rate) dugc cho bai (23) 1a ty 1€ mot
van tay thudc cting nhém nhung khong dwoc hé théng
nhéan dang. Véi nhiing gia tri ngudng khac nhau, FRR
va FAR s& cho nhitng két qua khac nhau, khi do ty 18
15i trung binh EER (Equal Error Rate) 1a giao diém cua
hai duong FAR va FRR.

*1
FAR = 27100 (22)
F *100
FRR = (23)
EER = M (24)
Véi S 1a s6 1an chap nhan sai, F 1a sb lan tir chdi

sai va N 1 tong s6 1an nhan dang.

A. So khop 1:1

Trong thi nghiém nay, chung t6i thuc hién cac
budc nang cao anh van tay trong cac tap dir li¢u sau
d6 so khop timg d6i mot dé ghi nhan diém sé twong
ddéng SM. Biéu d6 FAR duoc 1ap boi cac gia tri SM
cua céac van tay khac nhom va FRR duoc 1ap boi céac
gia tri SM ciia van tay cing nhom. Hinh 4 thé hién ty
1¢ 16i trung binh EER cta tap dit liéu FVC2002
DB1 B la diém giao nhau giita FAR va FRR. Gi4 tri
EER = 9.64% cho thiy rang thuat toan ning cao anh
van tay dé xudt co hiéu qua cao hon trong viéc cai
thién anh van tay so voi cac nghién cuu lién quan
trong [17] va trong [18] (EER > 25%).

Déi voi tap dit liéu van tay khiém khuyet két qua
so khép 1:1 ciing dat duoc ty 1é 16i EER thap hon so
v6i [12]. Hinh 5 thé hién cac dic tuyén FAR va FRR
ctia tap dir liéu van tay khiém khuyét. Bang 2 s& dua
ra cac tham sé cu thé vé ty 1¢ 18i trung binh ciia cac
van tay trong tap dir liéu khiém khuyét so v6i nghién
ctru lién quan trong [12].

FCV 2002
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Hinh 4. Biéu db FAR & FRR cta van tay binh thuong

FVC 2004

—FARDB2
— — FRRDB2
——FARDB3
— — FRRDB3
——FAR DB4
— — FRRDB4

Hinh 5. Biéu dé FAR & FRR ctia van tay khiém khuyét

Béng Il. So séanh tham sé EER cla tép di lidu van tay
khiém khuyét trirong hop so khép 1:1

Béng I. Bdc diém vé co sé dir ligu van tay
FVC2002 Cz?a%é” 388x374 | 10/8 | 500 dpi
FVC2002 C?’]Taggé” 296x560 | 10/8 | 569 dpi
FVC2002 glz'r‘: dbljﬁg 300x300 | 10/8 | 500 dpi
| S | amne | e |
Fve2004 Cz?a%é” 328x364 | 10/8 | 500 dpi
FVCa004 glf;?nbr:fent 300x480 | 10/8 | 512dpi
FVE2004 | SPINCe | aggx3ga | 1078 | 500 dpi

CSbL EE[TZ(]%) Thu@lfltzofir??g Xuit
DB2 31.58 18.62
DB3 15.79 10.89
DB4 26.32 13.51
Trung binh 24.56 14.34
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B. Nhdn dang 1:n

Khi s6 miu van tay cing nhém trong CSDL ting
Ién, qua trinh nhan dang 1:n dugc 4p dung véi gia tri
ngudng toan cuc dugc chon mot cach ty dong theo
(21). Trong thi nghiém nay chung ti ting dan s mau
vén tay cung nhom trong CSDL va ap dung thuét toan
nhan dang nhu da trinh bay trong phan 111, cac két qua
dugc thé hién nhu trong hinh 6 va hinh 7 véi cac dic
tuyén EER thay ddi theo s6 miu van tay ciing nhom
trong CSDL.

FVC 2002

5
—+ DB1-B
4.5 —- DB28
= DB38
4 —¥- DB4-B
35
||
3
Ecy
=
U2s
2
L .
~
15 S
W N —— - >
RS
\ ~ o
N
05 S \'____"‘
\ \"
0 Ny L "¥ -

Y- + —
2 26 3 35 4 45 5§ 65 & 65 7
n (S6 mau van tay cling nhom)

Hinh 6. Ty Ié I&i trung binh cta vén tay binh thuong

FVC 2004
6
k4 —+ DB2B
\ —&- DB3B
5K \\ —¥ DB4B
\
\
W
4 W
W
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o - »w
Wz 3 A P
w = A - ~
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n (S méu vén tay cing nham)

Hinh 7. Ty I8 I8i trung binh cda vén tay khiém khuyét

Bang IV. Két qud nhan dang véan tay khiém khuyét

CSDL Sévantay | FRR | FAR | EER
cung nhémn| (%) (%) (%)
F\/C2004 2 1.25 10 | 5625
DB2 6 125 | 375 25
FVC2004 2 1.25 0 0.625
DB3 6 0 0 0
F\/C2004 2 0 11.25 | 5.625
DB4 6 0 125 | 0625
Trung 2 0.8333 | 7.0833 | 3.9583
binh 6 0.4167 | 1.6667 | 1.0417

Bang lll. Két qua nhan dang tap vén tay binh thuong
CSDL §o van ,tay FRR FAR EER
cung nhémn | (%) (%) (%)
FVC2002 2 0 25 1.25
DB1 6 0 0 0
DB2 6 0 25 1.25
FVC2002 2 0 10 °
DB3 6 0 25 1.25
DB4 6 0 0 0
Trung 2 0.3125 | 4.375 | 2.3438
binh 6 0 125 | 0.625
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Duya trén cac dic tuyén EER hinh 6 (mg vdi van
tay binh thuong) va hinh 7 (ing voi van tay khiém
khuyét), ching ta nhan thdy rang khi s6 mau van tay
cung nhom trong CSDL tang [én thi ty 1¢ 16i trung
binh EER s& giam xu6ng, hé théng nhan dang s€ cang
tin cdy. Trong thi nghiém nay khi s mau véan tay
cung nhoém n > 6, gi4 tri EER s& & muc thip nhat. Dé
nhan thay 13 hon cac két qua nhan dang khi ting dan
s6 mau van tay trong CSDL, bang III va IV trinh bay
cac tham s6 FRR, FAR va EER ddi véi tit ca céc tap
dir liu trong hai truong hopn=2van = 6.

So veéi cac nghién cau lién quan trong [7], [13],
thuét toan nhan dang cua ching toi cho hiéu qua tot
hon. Cu thé véi tap dit lieu FVC2002 DB, trong [13]
tham s6 ERR = 0.06% (FAR = 0.03% va FRR =
0.05%) con trong bai bdo nay ERR = 0%; vai tap di
lieu FVC2002 DBS3, trong nghién ctu ndy ERR =
1.25% so v&i 7.8 % trong [7]. B4i véi tap dit liéu van
tay khiém khuyét, thuat toan nhan dang cia chiing toi
cling cho hiéu qua tot hon, cu thé EER = 1.0417 % so
1.5% trong [14].

V. KET LUAN

Bai bdo nay dong gop mot gidi thuat tang cuong
anh van tay dua trén phép bién dbi Fourier thoi gian
ngin két hop véi cac bo loc. Thuat toan co thé khoi
phuc ddng ké cac anh van tay chat lugng kém. Ngoai
ra dé tang hiéu qua nhan dang cua hé théng, ching toi
ap dung phuong phap xac dinh nguong toan cuc, két
qua thi nghiém chi ra rang khi s6 mau van tay cung
nhoém trong CSDL cang lon thi hiéu qua nhan dang
cta thuat toan cang cao. Gia tri EER ghi nhan duoc tai
n =6 1a 0.625% (hay do chinh xac 1a 99.375 %) doi
V6i tap van tay binh thuong va EER = 1.0417% (hay
do chinh xac la 98.9583%) doi voi tap van tay khlem
khuyét. Mot khuyet diém cua hé thong nay la toc do
nhan dang cham vi anh van tay dau vao phai duoc so
sanh voi tat ca cac van tay khéc trong CSDL.
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INCOMPLETE FINGERPRINT RECOGNITION
USING GLOBAL THRESHOLD

Abstract: Fingerprint identification is a well-
researched problem, and fingerprint identification
techniques have been successfully adapted to both
civilian and forensic applications for many years.
However, the recognition progress has been mainly
restricted by incomplete fingerprints or poor quality.
In this paper, we propose an image enhancement
algorithm that can significantly restore poor quality
fingerprints. In addition, global threshold was applied
in the sample matching process in order to reduce
false acceptance rates and false rejections.

Keywords: FVC2002, FCV2004,
enhancement, incomplete fingerprint.
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