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A new personal recognition system using the palm vein pattern is presented in this article. It is
the first time that the palm vein pattern is used for personal recognition. The texture feature
of palm vein is extracted by wavelet decomposition. With our palm vein image database, we
employed the nearest neighbor (NN) classifier to test the performance of the system. Experimen-
tal results show that the algorithm based on wavelet transform can reach a correct recognition
rate (CRR) of 98.8%.

Keywords : Biometrics; wavelet transform; vein pattern.

1. Introduction

Many biometrics, such as the face, fingerprint,
and iris images, have been studied extensively. In
the last decade, hand vein-pattern biometrics has
attracted increasing interest from both research
communities1–3 and industries.4 Vein pattern is the
vast network of blood vessels underneath a person’s
skin. The shape of vascular pattern is believed to
be unique to each other in the corresponding part
of the body and is very stable over a long period.
Furthermore, vein patterns are harder for intruders
to copy compared to other biometric features.

Wang et al. utilized the minutia features
extracted from the vein patterns for recognition.5

Im et al. employed a charge-coupled device (CCD)
camera to capture vein-pattern images.6 Wang et al.
employed the multi-resolution wavelet analysis to
extract the features in the hand vein image.7 Whilst
Fujitsu Laboratory has investigated the vein pat-
terns in the palm side of the hand.4

To our knowledge, there is no institute or com-
pany has carried out research on palm vein patterns
biometric recognition technology except for Fujitsu,

but the features they used are not published in liter-
ature. In this article, we report on a wavelet-based
palm vein recognition system. With our palm vein
image database, we employed the nearest neigh-
bor (NN) classifier to test the performance of the
system.

2. Preprocessing of Palm Vein
Images

2.1. Image acquisition

Biologically, there is a medical spectral window,
which extends approximately from 700 to 900 nm,
where the light in this spectral window pene-
trates deeply into tissues, thus allowing for non-
invasive investigation.8 In addition, the hemoglobin
in venous blood absorbs more of the infrared (IR)
radiation than the surrounding tissue.1 Therefore,
by shooting an IR light beam at the desired body
part, an image can be captured using a CCD camera
with an attached IR filter. In the resulted image, the
vein patterns appear darker than the surrounding
parts and are easily identifiable.

131

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
0.

03
:1

31
-1

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
10

/2
4/

18
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.

http://dx.doi.org/10.1142/S1793545810000940


May 5, 2010 10:3 S1793545810000940

132 Q. Li, Y. Zeng & K. Yang

Since there is no palm vein pattern database
available in public for research community, we
design our own near IR palm vein image-acquisition
system to utilize palm vein pattern for recognition.
In this system, we use an array of light-emitting
diodes (LEDs) that emit the IR light at a wave-
length of 850 nm to shine IR light onto the palm
side of the hand. At the same side, an IR CCD
camera, of which the spectral response also peaks
at a wavelength of around 850 nm, is used to obtain
the image of the palm vein. To get rid of the effect
by visible light, an IR filter is mounted in front of
the lens of the camera.

With this system, we construct our own palm
vein image database, which is about 50 individuals
and consists of 1000 palm vein images from 100 dif-
ferent hands. The ages of these participants range
from 18 to 60 years. Figure 1 shows a sample image
from our database.

2.2. Region of interest (ROI )
extraction

To increase the recognition accuracy and reliability,
it is important to extract the features of vein pat-
terns from the same region within different palm
vein images. We select the second and fourth finger
webs to fix the region that is defined as ROI. The
procedures are stated as follows.

Step 1: The contour of the hand is extracted
by thresholding. The result is shown in
Fig. 2(b).

Step 2: For each point on the hand contour, the
distance to the mid-point of the wrist is
calculated, and then the four valley points
between the fingers can be located. We can
find the valley point between the thumb
and forefinger as the distance between these
points and the mid-point of the wrist is cal-
culated. Then, the points P1 and P2 showed
in Fig. 2(c) can be located.

Fig. 1. A palm vein images of hand in our database.

(a) (b)

(c)

Fig. 2. Defining the ROI: (a) a palm vein image; (b) the
palm region is made in binary format; and (c) locating the
ROI.

(a) (b)

Fig. 3. ROI of the original image and the result of image
enhancement: (a) ROI for the palm vein image; and (b) after
noise reduction and normalization.

Step 3: With the points P1 and P2, the ROI is
defined as a rectangular region P1–P2–P3–
P4, where lP1P3 = 1.25 × lP1P2 . Figure 3(a)
shows the result of the extracted ROI for
the palm vein image in Fig. 2(a).

2.3. Image enhancement

A 5 × 5 median filter is adopted to remove the
speckling noise in the ROI image. Then normal-
ization is performed to eliminate the disruption
due to different illumination intensity and time.
The normalization methods employed in this work
are similar to those suggested by Hong et al.9 Let
I(x, y) denote the intensity value at position (x, y)
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in a vein-pattern image. The mean and variance of
the image are denoted as µ and σ2, respectively.
Then, for an image with size M×N , the normalized
image I ′(x, y) is obtained using the pixel-wise oper-
ations in Eq. (1), where µd and σ2

d are the desired
values for mean and variance, respectively; these
two values are set empirically based on evaluation
on numbers of sample images.

I ′(x, y)

=



µd +

√
σ2
d · (I(x, y) − µ)2

σ2
, I(x, y) > µ

µd −
√
σ2
d · (I(x, y) − µ)2

σ2
, otherwise

.

(1)

Figure 3 shows the ROI of original image and the
image after enhancement with noise reduction and
normalization.

3. Wavelet Transform

Multi-resolution analysis enables the preservation
of an image according to certain levels of resolu-
tion or blurring. Broadly speaking, multi-resolution
analysis allows for the zooming in and out on the
image. During the last two decades, wavelets the-
ory has been widely used because wavelets provide
a powerful tool for multi-resolution image analysis.

The discrete wavelet transform of f(x) can be
expressed as Eqs. (2) and (3).

Wϕ(j0, k) =
1√
M

∑
x

f(x)ϕj0,k(x) (2)

Wψ(j, k) =
1√
M

∑
x

f(x)ψj,k(x), (3)

where j is a scale parameter, k is a position param-
eter, ϕj,k(x) is a scaling function, and ψj,k(x) is the
wavelet function.

The discrete wavelet transform of two-
dimensional (2D) function f(x, y) of size M × N
is:

Wϕ(j0,m, n) =
1√
MN

M−1∑
x=0

N−1∑
y=0

f(x, y)ϕj0,m,n(x, y)

(4)

W i
ψ(j,m, n) =

1√
MN

M−1∑
x=0

N−1∑
y=0

f(x, y)ψij0,m,n(x, y)

i = {H,V,D}, (5)

where i represents the horizontal (H), vertical (V),
or diagonal (D) direction. Wϕ(j0,m, n) coefficients
define an approximation of f(x, y) at scale j0.
The W i

ψ(j,m, n) coefficients add horizontal, verti-
cal, and diagonal details for scales j ≥ j0.

4. Wavelet-Based Palm Vein
Recognition

Compared to other wavelets, Haar wavelet has the
shortest supporting, which makes it better suit-
able for capturing the detail features of palm vein.7

Therefore, in this work, the palm vein image was
decomposed using three-level Haar wavelet. Fig-
ure 4 shows the Haar wavelet coefficients for the
palm vein image in three levels of decomposition.
In each level, we obtained an approximate image
with low-frequency components and three detail
images with high-frequency components in horizon-
tal, vertical, and diagonal directions. These detail
images reflect the texture feature of palm vein.
Then, the approximate image was used in contin-
uous decomposition. In the sub-images with scale
3, each wavelet sub-image was segmented into n×n
blocks. The feature vector can be calculated by:

Vm =
1
N

(∑
N

|fm(x, y) −M |
)

m = 1, 2, . . . , n2,

(6)
where f(x, y) is the gray value at position (x, y), m
is the number of the blocks, N is the pixel number
of each block, and M is the mean value of each
block. Thereafter, the vector V can represent the

Fig. 4. Three-scale wavelet transform of the palm vein
image.
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palm vein feature.

V = [V1, V2, . . . , Vn2 ]. (7)

In recognition stage, a simple NN classifier is
employed. The correct recognition rate (CRR) is
used to test the algorithm. Experimental results
show the recognition rate can be as high as 98.8%.

5. Conclusion

In this article, we report on a wavelet-based palm
vein recognition system. This system is more con-
venient to acquire vein images compared to those
based on vein pattern of the back of the hand. A
multi-resolution wavelet algorithm is employed to
extract the features of palm vein patterns. More-
over, NN classifier is employed for the personal
recognition. Experimental results show the algo-
rithm reaches a recognition accuracy of 98.8%. It
indicates that the wavelet decomposition is able to
well represent the features of palm vein images.
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