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METHOD AND APPARATUS FOR PERSONAL
IDENTIFICATION USING FINGER IMAGING

RELATED APPLICATION

This application claims priority to U.S. Provisional Patent
Application 61/353,231 filed Jun. 10, 2010, the disclosure of
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The invention concerns systems and methods for extract-
ing finger vein and finger texture images from human fingers
at the same time.

BACKGROUND OF THE INVENTION

Reliable personal authentication is important for security
in a networked society. Many physiological characteristics of
humans, such as biometrics, are typically time invariant, easy
to acquire, and unique for every individual. Biometric fea-
tures such as face, iris, fingerprint, hand geometry, palm print,
and hand signature have been suggested for the security relat-
ing to access control. Most of the current research in biomet-
rics has been focused on fingerprints and the face. The reli-
ability of personal identification using the face is currently
low as researchers continue to grapple with the problems of
pose, lighting, orientation and gesture. Fingerprint identifica-
tion is widely used in personal identification as it works well
in most cases. However, it is difficult to acquire fingerprint
features such as minutiae, for some class of persons such as
manual laborers, and elderly people. Several biometrics tech-
nologies are such susceptible to spoof attacks in which fake
fingerprints, static palm prints, static face and iris images can
be successfully employed as biometric samples to imperson-
ate in the process of identification. Consequently, other bio-
metric characteristics are receiving increasing attention.

Finger vein images acquired from near infrared or thermal
infrared based optical imaging offers promising alternatives.
The hand based biometric modalities which can be acquired
in non-contact manner are most attractive in the foreseen
market because of hygienic benefits which generates higher
user-acceptance.

Personal identification using finger vein patterns have
invited a great deal of research interest and currently several
commercial products are available for civilian applications.

Finger vein identification using Radon transform based
statistical features and a probabilistic neural network classi-
fier has been successful. However the database employed in
this work is too small to generate reliable conclusion on the
stability of such features in the noisy vein patterns. Curvelet
based extraction of finger vein patterns and its classification
using back-propagation neural networks have been used. The
performance from this approach is shown to be very high but
the key details of their implementation are unknown. The
restoration of finger vein images using point spread functions
has also been investigated. There has been significant
improvement in the performance of vein identification using
such restored finger images. However, the finger vein imag-
ing setup is rather constrained and restricts the rotation or the
movement of fingers during the imaging. Most of the prior art
devices require close contact of frontal finger surface with the
imaging surface of the devices. There remains problems relat-
ing to hygiene, performance and user acceptance of finger
vein biometrics devices and systems.

SUMMARY OF THE INVENTION

In a first aspect, there is provided a system for extracting
finger vein and finger texture images from a finger of a person
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at the same time, the system including an image capture
device to capture at least one image of at least one finger in a
contactless manner, an feature extraction module to extract
unique finger vein features and finger texture features from
the at least one captured image, and a processing module to
normalize the at least one captured image and integrate the
extracted finger vein features and finger texture features.

The feature extraction module may extract a region of
interest before extracting the unique finger vein features and
finger texture features.

The system may further include a searching module to
search a registration database using the extracted finger vein
features to determine the identity of the person.

The feature extraction module may generate a robust
matching score using the finger texture features to search
against matching scores of templates stored in the registration
database.

Normalization of the image may include rotational align-
ment, segmentation, or enhancement.

The unique finger vein features may be any one from the
group of index finger and middle finger.

In a second aspect, there is provided a method for extract-
ing finger vein and finger texture images from a finger of a
person at the same time, the method including capturing at
least one image of at least one finger in a contactless manner,
extracting unique finger vein features and finger texture fea-
tures from the at least one captured image, and normalizing
the at least one captured image and integrating the extracted
finger vein features and finger texture features.

In a third aspect, there is provided a method for identifying
a person using images of a finger, the method including cap-
turing an image of a finger of a person and extracting finger
vein and finger texture information from the captured image
at the same time, computing a finger texture matching score
from the finger texture information, and a finger vein match-
ing score from the finger vein information, and combining the
finger vein and finger texture matching scores to generate a
combined matching score to determine whether the person is
a spoof suspect.

The method may further comprise rejecting the person if
the finger vein matching score is low as a possible spoof
suspect with spoof fingers.

The method may include an initial step of generating
matching scores from templates stored in a registration data-
base.

The finger vein information may be extracted from the
captured image using a plurality of multi-orientation Gauss-
ian filters and morphological operators.

The finger vein information may be extracted using a plu-
rality of even-Gabor multi-orientation filters and morpho-
logical operators.

The combined matching score may be computed using a
nonlinear fusion of individual matching scores from the fin-
ger vein and finger texture images.

The combined matching score may be computed using a
holistic fusion of individual matching scores from the finger
vein and finger texture images.

In a fourth aspect, there is provided an apparatus for
extracting finger vein and finger texture images from a finger
ofa person at the same time, the apparatus including an image
capture device to capture at least one image of at least one
finger in a contactless manner, an feature extraction module to
extract unique finger vein features and finger texture features
from the at least one captured image, and a processing module
to normalize the at least one captured image and integrate the
extracted finger vein features and finger texture features.
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The present invention provides a device and a method for
automated personal identification that uses acquired finger
vein and finger surface images at the same time. The present
invention also provides a method of finger vein identification
for more reliable personal identification. The present inven-
tion integrates unique finger vein features with those from
low resolution finger texture images acquired at the same
time.

The present invention provides a device and a method for
biometrics-based personal authentication by automatically
acquiring the finger vein and finger texture images from a
specially designed hardware, extracting the unique features
from these images, normalizing (including rotational align-
ment, segmentation, enhancement) the images, integrating
the unique new finger vein and unique finger texture features
$0 as to achieve the performance that is not possible by either
finger vein or finger texture images individually.

There are four main advantages of the present invention.
Firstly, a new standalone system is provided that uses
acquired finger vein and finger texture images at the same
time. Unlike other multibiometrics systems (e.g., face and
fingerprint, voice and face, etc.), a user does not have to
undergo the inconvenience of passing through multiple sen-
sors and these two images are acquired at the same time. This,
system achieves accuracy that is difficult to achieve with any
of the systems that uses finger vein imaging. The finger vein
identification approach of the present invention uses peg-free
and more user friendly unconstrained imaging. Therefore, the
present invention has automated steps for the acquired finger
vein image normalization, rotational alignment, and segmen-
tation to effectively minimize resulting intra-class variations
in the finger images. Thirdly, the present invention offers a
new approach for personal identification using distantly
acquired finger texture images from the webcam imaging.
The unconstrained imaging with low resolution webcam pre-
sents severe rotational and translational variations. Therefore
robust image normalization and also accommodating rota-
tional and translational variations in the matching strategy of
the present invention is provided. Finally, the present inven-
tion is also a new approach for combining matching scores
from finger vein and finger texture characteristics. The novel
fusion approach achieves significantly improved perfor-
mance which is not possible using several well known previ-
ous approaches as demonstrated from the rigorous experi-
mental evaluation presented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an imaging device to
acquire finger vein and finger texture images at the same time,
in accordance with an embodiment of the present invention;

FIG. 2 is a schematic diagram of another embodiment of
the imaging device with various supporting components, in
accordance with an embodiment of the present invention;

FIG. 3 is a process flow diagram that illustrates the process
of identifying a person in accordance with an embodiment of
the present invention;

FIG. 4(a) is an extracted region of interest showing an
acquired vein image sample;

FIG. 4(b) is an extracted region of interest showing a bina-
rized image;

FIG. 4(c) is an extracted region of interest showing an edge
map subtracted from FIG. 4(b),

F1G. 4(d) is an extracted region of interest showing an ROI
mask from the image in FIG. 4(c), and ROI finger vein image;

FIG. 5(a) is an acquired finger vein image;

FIG. 5(b) is an initial mask generated from FIG. 5(a);
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FIG. 5(c) is the mask of FIG. 5(b) after automated correc-
tion;

FIG. 6 is a series of finger vein images after automated
localization in the upper row, and the corresponding images
after enhancement in the lower row;

FIG. 7(a) is a sample result from feature extraction meth-
ods showing an enhanced finger vein image;

FIG. 7(b) is a sample result from feature extraction meth-
ods showing output from a matched filter,

FIG. 7(c) is a sample result from feature extraction meth-
ods showing output from repeated line tracking;

FIG. 7(d) is a sample result from feature extraction meth-
ods showing output from maximum curvature;

FIG. 7(e) is a sample result from feature extraction meth-
ods showing output from Gabor filters;

FIG.7(f)is a sample result from feature extraction methods
showing output from morphological operations on FIG. 7(e);

FIG. 8(a) shows an original image prior to automated
localization of finger texture regions

FIG. 8(b) is a refined edge map;

FIG. 8(c) is a localized rectangular region of interest;

FIG. 8(d) is a segmented region;

FIG. 9(a) is a normalized finger texture region image;

FIG. 9(b) is an enhanced image of FIG. 9(a);

FIG. 10(a) is an enhanced finger texture image;

FIG. 10(5) is a corresponding feature map using localized
Radon transform (LRT);

FIG. 10(c) is a corresponding feature map using Gabor
filters;

FIG. 11 s a series of charts illustrating Receiver Operating
Characteristics from finger vein images authentication
experiments;

FIG. 12 is a series of charts illustrating Receiver Operating
Characteristics from finger texture images authentication
experiments;

FIG. 13(a) shows a middle finger bent forward;

FIG. 13(b) shows a middle finger bent backward and tilted;

FIG. 13(c) shows a middle finger bent forward and some
scale changes;

FIG. 14 is a series of charts showing Receiver operating
characteristics from the combination of finger texture and
finger vein matching scores from the index finger, middle
finger and index and middle finger images (210) class; and

FIG. 15 is a series of charts showing cumulative match
characteristics from dataset I, dataset I1, and dataset I11.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIGS. 1to 3, an image acquisition device 10 is
provided that acquires finger vein and finger surface images
under two different illuminations at the same time. The
acquired finger vein and finger texture images are subjected to
pre-processing steps which automatically extract region of
interest images while minimizing the translational and rota-
tional variations. The imaging hardware automatically
detects the presence of fingers, automatically switch illumi-
nations and acquire images for processing to make a reliable
decision.

Turning to FI1G. 1, the image acquisition device 10 has NIR
LEDs 11 to illuminate the finger with light. Above the NIR
LEDs 11 is a cover 12. Opposite the NIR LEDs 11 is an NIR
filter 14 and NIR camera 13 behind the NIR filter 14. Below
the NIR filter 14 is a webcam 15. The NIR LEDs 11 are
positioned 52 mm above the bottom. The NIR filter 14 is
positioned 55 mm from the NIR LEDs 11. The NIR filter 14
and NIR camera 13 are positioned 25 mm above the bottom.
The webcam 15 is positioned below the NIR filter 14 on the
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bottom. A user presents the dorsal surface of their finger,
anywhere on a large rectangular region marked above the NIR
LEDs 11. The device 10 allows capture of the fingerprint
surface and fingerprint sub-surface images at the same time
without the inconvenience of requiring a user to present their
fingers to two different sensors at different times. The device
10 also enables contactless acquisition of finger images
which is commercially important to ensure hygiene while
technically important to acquire true surface details without
deformations of the finger features.

Turning to FIG. 2, there is an illumination regulator 20 to
regulate the illumination of the NIR LEDs 11. A finger is
placed beneath the NIR LEDs 11. The amount of transmitted
illumination received by the image sensor 13 is analysed in 22
and feedback to 20 to determine level of illumination required
to acquire finger sub-surface details with high contrast. The
control unit 23 is also responsible for synchronising and
switching of NIR LEDs 11 so as to acquire the fingerprint
surface and sub-surface images from the two respective
image sensors. The processing unit 24 implements the key
pre-processing steps (illustrated in F1G. 3 and described in the
following paragraph). The feature extraction steps of the sys-
tem from the normalized images are implemented in 25. The
decision unit 26 is responsible for generating adaptive match
decisions while comparing the corresponding templates
stored in the database 30.

Turning to FIG. 3, the general process of identifying a
person using the finger vein and finger texture images is
illustrated. Images of the finger 5 of the person are acquired
40 by the NIR camera 13 and webcam 15. The finger texture
images are essentially fingerprint images with varying reso-
lution resulting from the contactless imaging. Images of the
finger texture are processed in during image pre-processing
41, and images of the finger vein are also processed in during
image pre-processing 42. During both image pre-processing
41, 42 there is image normalization 41A, 42A, ROl extraction
41B, 42B and image enhancement 41C, 42C. For finger tex-
ture images after image pre-processing 41, feature extraction
43 is performed and a finger texture matching score 45 is
generated. The finger texture matching score 45 is entered
into the enrollment database 47. For finger vein images after
image pre-processing 42, feature extraction 44 is performed
and a finger vein matching score 46 is generated. The finger
vein matching score 46 is also entered into the enrollment
database 47. The two matching scores 45, 46 are combined 48
and a decision 49 is made to determine whether the person is
genuine or an imposter.

A feature extraction module extracts unique finger vein
features and finger texture features from the captured images
and performs the steps of feature extraction 43, 44. A pro-
cessing module normalizes the captured images and inte-
grates the extracted finger vein features and finger texture
features. The processing module performs the steps of nor-
malization 41A, 42A and combining 48 the matching scores.
Finger Vein Image Normalization

The finger images acquired by the image acquisition device
are noisy and have significant rotational and translational
variations resulting from unconstrained (peg-free) imaging.
Therefore, the acquired images require extensive image nor-
malization which includes: (i) segmentation of region of
interest (ROI), (i1) translation and orientation alignment, fol-
lowed by (ii1) image enhancement to extract stable/reliable
vascular patterns.

Referring to FIG. 4 an implementation of efficient image
normalization is depicted. Image normalization generates a
region of interest from each of the acquired finger vein
images. However, the quality of acquired images can highly
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degrade in many cases. Referring to FIG. 5, the images illus-
trate how image processing can address this issue and effi-
ciently generate the region of interest masks. The clarity of
finger vein images varies widely and therefore a nonlinear
image enhancement method is used whose results are shown
in FIG. 6 to illustrate the effectiveness of the used scheme.
Finger Vein Image Feature Extraction

The normalized and enhanced finger vein images from the
imaging setup depict vascular network with varying thick-
ness, clarity and ambiguity on the topological imperfections/
connections. Finger vein feature extraction is largely formu-
lated on using real part of multi-orientation Gabor filters. The
integration of the post-processing operations further
enhances the stability and reliability of vein structures.

The real part of 2D Gabor filters used for the feature extrac-
tion in spatial domain has the following analytical form:

h(p)y = Equation [1]

T

1
T ‘ T ~1
27T|C\1'/2 cosw,, (py — polexp|— E(pn = pe) € (pn—po)

where p, p,. »,,eR?, C is a 2x2 positive definite covariance
matrix and |Cl=det C. The horizontal and vertical spatial
coordinates are represented by vector p=[x, y]” while vector
Po=I[%o» Yo" stands for the translation of origin. The spatial
modulation frequency m,, is however is only in one direction
since only the Gabor filters are used to detect width and
length. The coordinate transformation p,=2,p, and
Pa=0=2,Do 18 used to obtain self similar even Gabor filters for
different orientations using:

cosfl, —sind,
Z T | sind, cosb,

n

Equation [2]

The angle 6, rotates the Gabor filter for the desired orien-
tation. The power spectrum sampling of each of the finger
vein images using few self similar even Gabor filters is used
for the feature extraction. These filters are obtained by the
rotation of even Gabor filters in different intervals, i.e. from 0,
7/n, 2n/n to (n-1)m/n, while the value of n is determined from
the prior knowledge of imaging sensors in the apparatus. The
generation of a combined feature map can be described as
follows:

Sxy)mmaxy,_; o ik () VX)) Equation (3)

where hy (X,y) represents zero mean hg (X,y). i.¢., obtained by
normalizing the filter coefficients, * represent convolution
operation and v(X, y) is normalized and enhanced finger vein
image. The FIG. 7(e) shows the combined output from the set
of even Gabor filters and it can be observed from this sample
image that the extracted vein structure fits quite well in the
original image vascular topologies and the accompanying
noise is suppressed very well. The venous patterns in the
combined output image f(x, y) are subjected to morphological
operations to further enhance the clarity of vein patterns. The
morphological operations typically compare a vein image
with another known object; i.e., structuring element. The
shape and size of this structuring element is chosen to effec-
tively eliminate noise in the combined filtered images. The
phase information is encoded from the resulting feature map
which is stored as the feature vector or feature template for
matching.
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Generating Finger Vein Matching Scores

The matching scores between two finger vein feature vec-
tors R(x, y) should be robust to accommodate the transla-
tional and rotational variations in the normalized vein images.
These variations, i.e., translational and rotational, are often
caused by inaccurate (non-ideal) presentation of fingers in the
imaging setup or due to the inaccurate localization and nor-
malization. Therefore, the matching score scheme that is used
computes the best matching scores between two images while
accounting for such possible spatial shifts and rotation. The
matching scores between two binarized feature map R and T
are generated as follows:

Sy(R, T) = Equation [4]

n

3 Olke+iy+ . Tix, y)
=1 y=1
Hlin\/te[O,Zw],Vje[O,Zh] 5

D R+ y+ he-1)

x=1 y=1

3

where m and n represent the width and height of the feature
map respectively. The registered feature image is represented
as R with width and height expanded to 2w-+m and 2h+n, and
€ is the Exclusive OR operator that generates unity while two
operands are different and zeros otherwise, while

Equation [5]

w= ﬂoor(?), h= ﬂoor(gj,

« Rix-w,y—h) xe[h+1, h+n] Equation [6]
R(x, y) = .
-1 otherwise,
0 ifJ-K+2550rJ=-1 Equation [7]
Ou. k)=
|1 J - K =255,

where t,, and t;, are the constants introduced to control the
translation distance over horizontal and vertical direction.
The background of the feature map is relatively larger and this
part (the background that is not occupied by the finger) will
contribute a lot of errors during the matching stage. There-
fore, it is judicious to introduce a mask that indicates the
effective finger area during matching so that the non-infor-
mative mismatches can be eliminated. The generation of a
mask is quite straightforward as the background values were
automatically filled during the normalization stage. In other
words, whenever the pixel intensity values are not equal to the
filled background value, that position is regarded as finger
area. Therefore, the generation of mask can be mathemati-
cally illustrated as follows:

M={(xy) V(xy)el Ixp)=I, 5g} Equation (8)

where / represents for a given normalized finger vein image.
The generation of matching scores using the corresponding
masks can be described as follows:

Sy(R, T, Mp, Mr) = Milvie[o,20, vje[0,24] Equation [9]

iz Olke+i, y+ ., Ttx, y).

x=1 y=1
Mpx+i, y+ ), Mr(x, y)

m n

% % Mpx, y) (1 My(x, )

x=1y=1
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where M and M, represents the corresponding masks for the
registered image R and test image and T respectively, and the
operator @ is defined as following:

OU.K, M, N)= Equation [10]

{

Finger Texture Image Normalization and Enhancement

The unconstrained finger texture imaging used does not
require any special illumination. Therefore there are some
uneven illumination and shadows in the acquired images
which results in the sharper contrast of upper finger bound-
aries than lower finger boundaries. Hence the upper finger
boundary is used for the finger texture localization and seg-
mentation. As shown in FIG. 8, the edge map is used to
localize the finger boundaries. This edge map also illustrates
isolated noise and edges, especially near the lower finger
boundaries, which are firstly eliminated. The slope of the
resulting upper finger boundary is then estimated. This slope
is used to automatically localize a fixed rectangular area
which begins at a distance of fixed number of pixels from the
upper finger boundary and is aligned along its estimated
slope.

The finger texture image is subjected to noise filtering to
eliminate the impulsive noise often present in the webcam
acquired image. The resulting images have low contrast and
uneven illumination. Therefore the background illumination
image is obtained from the average of pixels in a sub-block
region. The background illumination is subtracted from the
noise filtered finger texture image and then subjected to his-
togram equalization. The image enhancement steps incorpo-
rated so far improves the amount of contrast and the effect of
uneven illumination. However, they are not adequate to
extract finger texture details. Therefore the resulting image is
subjected to further processing. It can be observed from the
sample results in FIG. 9(5) that the processing steps have been
fairly successful in further improving the image contrast and
texture details.

Finger Texture Feature Extraction

The low-resolution finger texture images typically illus-
trate line-like structures and curves which suggests that the
feature extraction approaches that can efficiently extract such
localized information is likely to work well. The localized
Radon transform (LRT) and Gabor filter based extraction of
such localized texture orientation details have shown to offer
promising results for the identification of finger knuckles.
Therefore LRT based approaches are used to develop a robust
matching strategy for that can account for high translation and
rotational variations. Curved lines can be estimated by small
piecewise line segments and it integrates the intensity valuein
alocal region in all defined orientations. An image represen-
tation of extracted features is shown in FIG. 10(b). It can be
seen from this image that the line-like features in the left part
of the image is well presented, however, for the region that
have highly curved lines like shown in the right part of the
image, the feature is not so representative.

Generating Finger Vein Matching Scores

The normalized and enhanced finger texture images illus-
trate significant rotational and translational variations. The
matching scores among the localized sub finger texture
regions (in two images) are more robust to rotations and
local/partial distortions. Such localized matching scores
should be more effectively accounted while matching low

if M=Nand J-K+255orJ=-1
J-K =25
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resolution finger texture images. Therefore a block-wise
matching scheme is used and is described.

Let G and P represent the gallery and probe finger texture
templates respectively, b, and b, represent for the block width
and height respectively, and s, and s, stand for the amount of
translation in horizontal and vertical directions. The genera-
tion of combined matching scores using the block-wise

matching strategy can be summarized as follows:

Function BlockwiseMatch(G, P, b,,, b;, s,,5,)

B = ConstructBlocks(P, b,,,
for each block b in B do
foreacht, € [-s,s,], t, € [-5,5,]t, € [-s,5,] do
Align the upper-left corer of b to (b,+t,, by+t,) in G.
Calculate and store the mismatch into set M.

b,)

x

end
ms, =min (M)
end
Matching scores =2y, 5 IS,

Generating Matching Scores

The observations from the finger texture and finger vein
images acquired at the same time are effectively integrated to
achieve a performance that is not possible by existing sys-
tems. The vein and finger texture matching scores are com-
bined using following nonlinear method:
2-w)

S=(e+s,) (e+s,) Equation (11)

S.. represents the combined matching score from the match-
ing score s, and s, generated respectively from finger vein and
finger texture images. The constants € and w are determined
empirically. This method of nonlinear combination achieves
the best performance as shown from rigorous experimental
results. Another embodiment can also use the holistic criteria
to combirne the two match scores and generate the combined
scores as follows:

{(sy = w) + (s; % (L —w))} Equation [12]

S =Hlsy 1)+ (s (L= W)} + 2-s)

The parameter w can be any number and is also an empirically
estimated. The art of combining the two match scores is to
truly account for the reality of source modality and is another
new feature of this system.

Results

In order to ascertain the performance improvement and
utility of the system, rigorous experiments are performed on
the database. The finger image database used was composed
with 255,192 images from 156 volunteers, and the images
were acquired over a period of eleven months using the imag-
ing device as described. The finger images were also acquired
in second sessions with a minimum one month, maximum
over six months and on average 66.8 days interval. A total of
105 subjects turned up for the imaging during the second
(time) session. In each session, all the subjects provided 6
image samples from index finger middle finger respectively,
and each sample consisting of one finger vein image and one
finger texture image from left hand. Therefore, each subject
provided 24 images in one session.
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TABLE 1

Performance from finger vein matching with various
approaches with mask

Index and Middle

Approach Index Finger Middle Finger Finger
Even Gabor with 3.33% 6.99% 4.91%
Morphological
Repeated line 15.60% 18.18% 16.43%
tracking
Maximum 10.96% 11.08% 10.99%
curvature
Matched filter 4.84% 7.81% 5.31%
Even Gabor 3.82% 7.08% 4.61%

TABLE 2

Performance from finger texture matching with various approaches

Index and Middle

Approach Index Finger Middle Finger Finger
LRT (global) 6.58% 8.58% 7.79%
LRT (local) 5.50% 7.91% 6.86%
LRT (global with 3.95% 6.92% 5.75%
rotation)

LRT (local with 4.49% 7.08% 5.73%
rotation)

CompCede 13.92% 15.73% 14.76%

TABLE 3
Combined performance (EER) from experiment:
Index and Middle
Approach Index Finger Middle Finger Finger
Average 2.18% 5.50% 3.56%
Product 1.84% 3.83% 2.80%
Weighted Sum 1.80% 3.80% 2.65%
Dempster-Shafe 1.55% 3.98% 3.23%
Heuristics 1.42% 4.02% 2.72%
Nonlinear 1.35% 3.85% 2.45%
Likelihood ratio 3.33% 7.94% 4.84%
TABLE 4

Average rank one recognition accuracy from the experiments

Finger Vein Finger Texture Combined

Index  Middle Index Middle Index Middle
Dataset  Finger  Finger  Finger  Finger  Finger  Finger
I 93.49%  88.25% 93.97% 87.94% 98.10%  94.60%
I 90.08% 89.05% 96.03%
I 88.89% 87.86% 95.40%

Experimental Results from Individual Approaches

The key objective of the experiments was to ascertain the
robustness of various algorithms when the finger image data
from, two sessions is used. The time span between data/
imaging sessions is likely to introduce variations in the
images, mainly from temporal changes (if any, in vein and/or
texture patterns) and/or pose variations resulting from loosely
constrained finger imaging. Firstly, six finger images and six
finger texture images acquired during the first imaging ses-
sion were used to build up the training set while the corre-
sponding twelve images acquired during the second session
are uses as testing/validating data to ascertain the perfor-
mance. Therefore, the number of genuine score is 630 (105x
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6) and the number of imposter score is 65,520 (105x104x6)
for each of the finger vein and finger texture matching. Sec-
ondly, the different fingers from the same subjects were
treated as belonging to different class (i.e. 210 classes), and
the performance was also ascertained using the same protocol
as mentioned before which resulted in 1,260 (210x6) genuine
and 263,340 (210x209x6) imposter scores for each of the
verification cases. The experimental results using equal error
rate (EER) is summarized in table 1 and table 2 respectively
for vein and texture image matching. The receiver operating
characteristics (ROC) for the corresponding performances is
illustrated in FIG. 9-10.

The experimental results from table 1 and FIG. 9 confirm
that the scheme using even Gabor filters with the morphologi-
cal processing achieves the best performance among all the
prior state of the art (as demonstrated from experiments). The
repeated line tracking [5] and the maximum curvature
approach [6] does not perform well. The repeated line track-
ing has been shown to offer promising results [9] even on
noisy vein images but has been argued [10] for its limited
ability to extract thin vein structure from vein images. The
poor performance (table 1 and FIG. 9) of line tracking and
maximum curvature, on the finger vein database acquired in
more realistic condition, can also be attributed to the fact that
extracted vein feature representation is also/mainly contrib-
uted from the doubtful/confusion regions. In other words, the
matching from such regions is unlikely to generate erroneous
matches during imposter matching.

The performance from the middle finger vein and finger
texture image matching is worse than those from the index
finger images. This canbe possibly attributed to the relatively
higher inconvenience with the placement of straight fingers in
unconstrained imaging for the middle fingers than for the
index fingers (which often/could result in higher pose and
scale changes). FIG. 11 illustrates typical pose variations in
middle finger texture images to which are effectively
addressed in the image normalization and matching schemes.
The experimental results in table 2 and FIG. 10 demonstrates
that the LRT based matching performs significantly better
than compcode (in the literature) which suggests its advan-
tage in encoding line-like local features. The local matching
searches the lowest errors between the corresponding blocks
by using translations in the local area, this may involve high
probability of getting lower error while matching to both
genuine and imposter subjects as compared to the global one,
due to its relatively small block size (as compared to the
whole image). In summary, the localized matching scheme
used in the system is highly successful in the performance
improvement over the conventional globalized approach.
Such scheme can be preferred in another embodiment where
the additional rotated samples in registration database cannot
be used due to the storage and computational constraints.
Performance from Finger Vein and Finger Texture Combina-
tion

The experimental results from the system are now pre-
sented to illustrate the performance improvement that has
been achieved from the finger vein and finger texture images
acquired at the same time. The experimental results using
equal error rate (EER), are summarized in table 3. The
receiver operating characteristics from the various score com-
bination schemes is illustrated in FIG. 12. The weights for the
weighted sum combination were empirically computed only
from the training data. The experimental results consistently
suggest that the combination of finger vein and finger texture
images acquired at the same time to achieve significant per-
formance from the system. The comparative evaluation of the
achieved performance from the individual finger image
matching with those from the combined case i.e., considering
index and middle finger as separate classes, suggest the high
uniqueness of finger vein and finger texture even between the
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two fingers of the same individuals. Another observation that
can be noticed from the results in this section (table 3, FIG.
12) is that the nonlinear combination (almost) consistently
achieves better performance as compared to the other score
level combination approaches considered in this work.
Performance from Recognition Experiments

In this section, the experimental results for the recognition
performance using the system are summarized. The experi-
ments in this section are organized from the four categories of
dataset combinations to ascertain the recognition perfor-
mance from individual fingers and in their combination.
Firstly the dataset combination is used when the finger
images from the 105 subjects in two different sessions are
used for the identification. The cumulative match character-
istics (CMC) from this set of experiments are shown in FIG.
13(a) while the first row of table 4 illustrates the rank one
recognition accuracy (using nonlinear combination as it
achieves best results).

In the second category, the dataset from the index and
middle finger as belonging to separate class, i.e. 210 classes is
used, and report the recognition performance from the 210
query/test cases in table 4 (second row) while the correspond-
ing CMC is illustrated in FIG. 13(b). Another extension of
this is the third category in which the same dataset in third
category set, i.e. 210 classes, was used for the registration
while the recognition performance from the 312 class, i.e. 210
registered and 102 (51*2) unregistered classes, is reported in
table 4 (third row) while the corresponding CMC is illustrated
in FIG.13(c). The best rank one recognition performance was
achieved from the nonlinear combination of finger vein and
finger texture matching scores in all the three dataset combi-
nations. The experimental results presented in this section on
the finger recognition also consistently suggest the significant
improvement in the performance using the system.

A new device and a method of automated personal identi-
fication is provided that uses finger vein and finger surface
images acquired at the same time. The system acquires the
finger surface and finger subsurface features at the same time
using an imaging device. Such a system offers better anti-
spoofing capabilities and provides improved performance as
illustrated from the performance analysis presented. The
experimental results presented in previous section consis-
tently suggest that the method of automated finger vein iden-
tification in the system achieves significantly improved per-
formance over the earlier approaches on the finger vein
images acquired in most realistic and loosely constrained
conditions. The experimental results from the combination of
finger texture and finger vein images achieve significant
improvement in the performance, e.g. about 59%, 45%, and
50% improvements in terms of EER for the index finger,
middle finger and in combination respectively in experi-
ments. The effectiveness of this achieved performance from
theloosely constrained finger texture images can be attributed
to the implemented steps of image normalization, alignment,
robust feature extraction and importantly the matching strat-
egy which can further minimize the influence of resulting
scale and rotational variations in the loosely constrained
imaging setup. The holistic combination of matching scores
has also been highly successful as it outperforms Dempster-
Shafer and weighted sum results in almost all cases. The
novel nonlinear score combination method of matching score
combination, has shown to consistently outperform the other
fusion presented in the literature, in both verification and
identification scenario.

It will be appreciated by persons skilled in the art that
numerous variations and/or modifications may be made to the
invention as shown in the specific embodiments without
departing from the scope or spirit of the invention as broadly
described. The present embodiments are. therefore, to be
considered in all respects illustrative and not restrictive.
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What is claimed:

1. A system for extracting finger vein and finger texture
images from a finger of a person at the same time, the system
comprising:

an image capture device configured to capture a plurality of

images of at least one finger in a contactless manner,
where the plurality of images comprise at least one fin-
ger vein image acquired utilizing a near infrared illumi-
nation and at least one finger texture image acquired
utilizing a visible light illumination;

a feature extraction module configured to:

extract unique finger vein features and finger texture
features from the plurality of captured images,
wherein the finger texture features comprise at least
one fingerprint image;

compute a finger texture matching score from the finger
texture features, and a finger vein matching score
from the finger vein features; and

combine the finger vein and finger texture matching
scores to generate a combined matching score by
computing for the combined matching score S, such
that:

@)

S =(e+s,)"*(e+s,

where s, and s, are the finger vein and finger texture
matching scores, respectively, and € and w are empiri-
cally determined constants; and
a processing module configured to normalize the plural-
ity of captured images and integrate the extracted
finger vein features and finger texture features.
2. The system according to claim 1, wherein the feature
extraction module is configured to extract a region of interest
before extracting the unique finger vein features and finger
texture features.
3. The system according to claim 1, further comprising a
searching module configured to search a registration database
using the extracted finger vein features to determine the iden-
tity of the person.
4. The system according to claim 1, wherein the feature
extraction moduleis configured to generate a robust matching
score using the finger texture features to search against
matching scores of templates stored in the registration data-
base.
5. The system according to claim 1, wherein normalization
of the image includes rotational alignment, segmentation, or
enhancemert.
6. The system according to claim 1, wherein the unique
finger vein features are any one from the group consisting of:
index finger and middle finger.
7. A method for identifying a person using images of a
finger, the method comprising:
capturing a plurality of images of a finger of a person in a
contactless manner using an image capture device,
where the plurality of images comprise at least one fin-
ger vein image acquired utilizing a near infrared illumi-
nation and at least one finger texture image acquired
utilizing a visible light illumination;
extracting finger vein and finger texture features from the
plurality of captured images at the same time using a
feature extraction module, wherein the finger texture
features comprise at least one fingerprint image;

normalizing the plurality of captured images and integrat-
ing the extracted finger vein feature and finger texture
features using a processing module;
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computing a finger texture matching score from the finger
texture features, and a finger vein matching score from
the finger vein features using the feature extraction mod-
ule; and

combining the finger vein and finger texture matching
scores to generate a combined matching score using the
feature extraction module by computing for the com-
bined matching score S, such that:

S =(e+s, )" *(e45)? ™)

where s, and s, are the finger vein and finger texture match-
ing scores, respectively, and € and w are empirically
determined constants, to determine whether the person
is a spoof suspect.

8. The method according to claim 7, further comprising
rejecting the person if the finger vein matching score is low as
possible spoof suspect with spoof fingers.

9. The method according to claim 7, comprising an initial
step of generating matching scores from templates stored in a
registration database.

10. The method according to claim 7, wherein the finger
vein features are extracted from the captured images using a
plurality of multi-orientation Gaussian filters and morpho-
logical operators.

11. The method according to claim 7, wherein the finger
vein features are extracted using a plurality of even-Gabo
multi-orientation filters and morphological operators.

12. The method according to claim 7, wherein the com-
bined matching score is computed using a nonlinear fusion of
individual matching scores from the finger vein and finger
texture images.

13. The method according to claim 7, wherein the com-
bined matching score is computed using a holistic fusion of
individual matching scores from the finger vein and finger
texture images.

14. An apparatus for extracting finger vein and finger tex-
ture images from a finger of a person at the same time, the
apparatus comprising:

an image capture device configured to capture a plurality of

images of at least one finger in a contactless manner,
where the plurality of images comprise at least one fin-
ger vein image acquired utilizing a near infrared illumi-
nation and at least one finger texture image acquired
utilizing a visible light illumination;

a feature extraction module configured to:

extract unique finger vein features and finger texture
features from the plurality of captured images,
wherein the finger texture features comprise at least
one fingerprint image:

compute a finger texture matching score from the finger
texture features, and a finger vein matching score
from the finger vein features; and

combine the finger vein and finger texture matching
scores to generate a combined matching score by
computing for the combined matching score S_ such
that:

S =(e+s, )" (e+s) 2

where s, and s, are the finger vein and finger texture
matching scores, respectively, and € and w are empiri-
cally determined constants; and

a processing module configured to normalize the plural-
ity of captured images and integrate the extracted
finger vein features and finger text features.

* k% ok ok ok
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