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Automatic Personal Authentication Based on Finger Phalangeal Prints
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Abstract
A novel personal recognition method is proposed based on the finger phalangeal print in this paper. The captured image

Finger phalangeal prints are stable and unique for each individual, thus can be used in personal authentication.

is first preprocessed to segment out fingers and rotate them to the horizontal direction; Sobel operator is used to get the
horizontal gradient which is binarized and projected to the horizontal axis. The 1-D projection is then denoised with
wavelet and downsampled to get the feature vector. Finally, the similarity of the two matching vectors is measured by
using cosine function. The proposed method was tested on the database which contains 1900 samples from 190 different
palms. The equal error rate (EER) was no more than 0.67 % and one match time consumption was less than 2ms.
Experiments suggested that a high recognition accuracy and efficient matching performance can be achieved with the

proposed algorithm, which can meet the requirement of real time searching in large palm database.
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2 FETIBHHERREY
2.1 RKFHEF_EL

H T aE AN T48 L 2R A, KRy
F-HR A0 R 5 ) SR AR T4 G B o AR K 45 3
thise iR aUsE B FiRkfE 2K m)E, v
DA ot o B v RS DN B R N B AR e A AR AU
B AR R A Sobel S M ORIREE HIL %, %



878 H | 1k 2 W 35 %
Sobel &1 B FERIA XN 50
40
10 1 o
S.,=1 -2 0 2 (5) 20 Mﬂ'V\M\A
10 1 10 M R
0 50 100 150 200 750"

 Sobel XK EZEBIEB S W

g(@y) =D > Sp(k+2,142)f(z+k,y+1) =
—[f(:z:—l,y—l)+2f(a:—1,y)+
fla—Ly+ D]+ [f(z+1,y— 1)+
2f(+Ly)+ f@+1,y+1)] (6)

Bl 4 (a) Fros T8 KB Sobel 573k 45
(IR 7 T i PR A B 4 () o, ik B I il s
BE AL R 4 (c) Pios.

22 EHEK®

M 4 (c) W%, F57SUEA AR H o0 A, Bt
X 12 P v B 45053 P 15 05 K 5 70 70 b S i 1 4L
IR ACWAE/ T S I 21O vEpE - S R
Yt 5, &l 4 (c) SRR 1S BIR)— 4E o0 A K]
5 (a) Frow.
2.3 N

M 4 () mrgm, (A BT g R e
T BEALME A R, BT IRIUR T GUE T AR
57, BAT PR, & A R HT /N BB AR 2
BEAT VM. S FH /N 20 A AT 3 W 2 200 I B/ e
(o0 i 5 R, AT M A R — R4 T AT LA s
NHEA:

s(1) = f(i) +e(d),

h F() NESES, e(i) A ZEN o MET A
P BEFE R 15 s (i) e RS
WHF 5 s(i) SEAT M) H B Z 4 HE 5

[P 75 5 45, NI AE s(i) TR E R RSEAES f(0).
FESEBr TRE ) A7 G 538 5 RN RS 5 802
— G L AP AR AT T, T 7S A T U SR I S
Bif5 5. 2% Donoho 253 H M 7 1AL —4E
5 I MR AT DLy S = A D R4 6,

BB 1. MEEREIES (i) TEHIER
N AT

EFE— NI E — DDA IR Z IR N,
RIGRHE S s BT T N E/ABa0fE, B 5 (a) s
5 W) 5= 48 Daubechies 4 /N — 2% 43 fift BT 75 1)
ERMES Ay WKl 5 (b), T—%/NE D R4 &R
HuanlEl 5 (c).

i=01,--,n—1 (7

3L
N
Iz

(a) T HLTL R

(a) Vertical projection of phalangeal print

A\

50 100
n

(b) — NP RS S

(b) L1 wavelet decomposed approximate signal

A
50

40}

30F

20F
~ 10
OJ“thﬂAAA”WAr~ﬁAAAJ\NV&J%/VMAJmﬂrh————J
_10k
=20F
30k
_40F

0 50 100
n

() — B NSRS R KL

(c) L1 wavelet decomposed detail coefficients

0 50 100 150 200 250
n
(d) MBS E S
(d) Reconstructed signal after wavelet denoising
K5 $REUTE FLA SN R A R
Fig.5 Vertical projections of phalangeal print and

wavelet denoised results

PUR 2. NP R AR B B R A
XA 1 RBIE N R m A R Ak
B ¢ AT R AR PR, MRS R O A AR A



7 MORIREE: BT RRATSUNA NG 4 B SR 879

Fif5% D1, Do, -+, Dy, BRI, 0T BUH 1] PR B E
e AN N R EIEAT AL EE, R34S 2 1 417
FREGERI A E, B IE .

PR 3. ME 5 TEM

FH 28 BRIAEL AL B )i 110 /N A% 4 R 500647 10 /N AR
P EAGE T s(3) Ak TE, AT B0 R H 1, 2~
VT T AL BR () GBS D IR 2 IR MR Ak, R B
W 75 A5 5 [ 2 i 2 R R B I e k. 1¥] 5 (d) A
5 (a) £ =2 Daubechies 4 /NJE B 5 9 TE.
2.4 $FERSEHERK

B bl E R A B A T AT — IR BER A, A K
—ANKEH 150 s %K SR TAEAR ST 13
KR T Fa B RN I (M B KA BE), W PR e
B FE T K BN T 150, MBAEFNSE, 15 2 1 17
w6 s,

45

20 40 60 80
Likiethes

6 T SURAL )
Fig.6 Feature vector of finger phalangeal print

3 YFMEPTAD

R I DG 3 o SR 1) e TR (R ATABLE S B,
LTS A K

n—1

XY '70
SIM(X,Y) = — i 8
EY) =~ T ®
>y vl
1=0 1=0

b n DGR, AR n = 150, % B H T
Iy BN IEAFAE DR NE AR, i B RS IR,
R TR A 1 5 T 1) A ) PR T R AE R —
AR AL B BV SOBURE, SR 3T P A7 X LU AT B
R B KA e 5 VL IRC R, B

(9)
A w = 3. ABWHATBIE & A R L
1, # SIMX,Y) >

J(X)Y) = {o, il (10)

J =1 NERRERZ, J=0 MR RE4
X THEAFEMNE, RENUATFHR (A5 ERAH
/) A2 I A A VCEL RS, 75 WIPE R 2%, R

3

Score = Z J(F3,F) (11)
k=0

2 Score = 4 W%, Score < 4 W4, Hrp

k=0,1,2,3 350K/ g. &, hiEREAT.

T AR ABLRE I AR 5% ek B A [0, 1) IXJA) |,

{E BT 1 P ) AHACORE BBk iy, T 5 ) T #R

fHR/INTEDR, BT LA DYAS TF=-FEAH AR E 18 A ] HOAH ()1

4 SKIGEER

SIS 1900 MEAZ A, XLEFEACR AR
F 190 NP5, KT 10 MEA, R B & L.
KA EC 7 3G R A B, R TR R A I T2
B IR GCR B IR R AR, SR TE TR KOT.
10 MREAR Z —FE LR IEAE B, FoR 9 MREAR
HEAT IR, AR — AN CRE A0 22 (A — A AR
HEATULRE, H3E4T T 9 x 190 x 190 = 324900 kL
e, HH i 9 x 190 = 1710 AL —FHE M &5
WEZMHEATH). A3 5 HlDaubechies 4 (DB4)
NP HAAR /NBRT Morlet /N 4 e 5 25 RS HE
) B HEAT UL IC. AN ) 1008 4 280 ) 45 R BLAE 30
% (False rejection rate, FRR) (M1/ 7(a) (IF
1)) FIAME R (False acceptance rate, FAR) (414
7(b)) Mg Ngs . RIS T =P v g
J7i% R ROC (Receiver operating characteristic)
thek, wiE 7 (c).

LT () H1(b) RI%R, = Ff/IN i 0 M 5 1Ry
fIE m) TEASIAT T B IR B2, 2 FRR=0 I,
FAR J25%. 29%. 33%, 1 FAR=0 i}, FRR
K 1% 2.4 % 3.2%. MASCHHE FE IR S50 45 5 n]
51, Morlet /)Ny 7 M2 5 IRRRAE W) = UL EC LE DB4 1
HAAR /NEAERBIE MBI FAR, {H FRR A
X R DB4 /NBOE MRS HAAR /MBI M 5 UL
giit g R SR HaL, 1 DB4 7EKBI{E N Y FAR
A B E T H) FRRO#ZAGT HAAR /Mg WK



880 H | 1k

35 %

F {4

7(c) Bioni) ROC HhZk ] LLA H, = Fh /N e s
AN, JH DB4 R SR BUIR 20 HAAR
A Morlet /INEE, H =N ey A5 2 455 78
e Ja AE R AR T 1 %, U1 SURIEAE o A A4
TEMIRRIEZ —, B R X PERE.

35—
- o - Morlet 4
3F | = HAAR ;
-©o-DB4 /
2.5}¢
¥ o
E{
= 1.5k
1k
0.5}
/,—6-’-‘---

0 PO L I I I L
074 076 078 0.8 0.82 084 086 0.88

I {5
(a) FRR 4k
(a) FRR curves
C;
35p% —
- o - Morlet
30F —— HAAR
AL - - DB4
25F o~y
S--
20 \\
¥
m 15
Jind]
e
10F
5¢ s
0 . . . A "
074 076 078 0.8 0.82 084 086 0.88
{4
(b) FAR ik
(b) FAR curves
%o
4.0 — . r .
) - o - Morlet
351 —— HAAR
sol K -~ - DB4
2.5
lIiinioenioe- :
1%

4
UNGES
(c) ROC %k
(c) ROC curves
Bl 7 ARFEVNBE S T3 H FRR AT FAR BLJ ROC 4k
Fig.7 Resulting FRR, FAR, and ROC curves

denoised with different wavelets
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Table 1  Phalangeal prints recognition performance
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