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Figure 11
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1
METHOD AND SYSTEM FOR IDENTIFYING
A PERSON USING THEIR FINGER-JOINT
PRINT

TECHNICAL FIELD

The invention concerns a method and system for identify-
ing a person using their finger-joint print including the outer
skin around the proximal interphalangeal joint of a finger.

BACKGROUND OF THE INVENTION

Personal identification has numerous applications such as
physical access control, computer security and law enforce-
ment. Biometric based personal identification is regarded as
an effective method for automatically recognizing a person’s
identity with a high confidence. Biometrics are physiological
or behavioral characteristics used to distinguish between
individuals which can serve as a superior solution to this
problem. Many systems have been developed based on vari-
ous biometric characteristics. Biometrics systems have been

num of “1” pixels on the right of X =x
+

2

cropping a coarse sub-image [
image;

obtaining a corresponding edge image I, ;. from the coarse
sub-image [, ... Using a canny edge detector;

coding the corresponding edge image [, based ona local
convexity property to obtain a convexity coding image
I.., such that each pixel on the corresponding edge
image 1., is assigned a code to represent the local
convexity of this pixel;

obtaining a line X=x,, to best classify “~1" and “1” pixels
on the convexity image I__; and

taking the line X=x, as the Y-axis of the ROI coordinate
system and the line

from the captured

coarse

B height of coarse
yE——s

as the X-axis.
The formula to obtain x, may be:

X0 = argmin(
x

developed based on different kinds of biometrics, including
face, iris, fingerprint, palm-print, voice and signature. Each
biometric identifier has its own characteristics and applica-
tion domains and none of them can supersede all the others
under every circumstance. For example, although fingerprint
identification has been widely used for many years and works
well in most cases, it has its own drawbacks including diffi-
culty to acquire fingerprint features. For some types of
people, such as labor workers and the elderly, the inner parts
of the hands can be easily abraded that will seriously affect
the performance of fingerprint, palmprint, or finger basal
creases based systems. Iris based systems can achieve
extremely high accuracy, however, iris scanners are very
expensive. Palm print based systems must have a large size
acquisition device. As a result, new kinds of systems based on
various biometric identifiers are still developing.

Therefore there is a desire for a biometric method and
system that addresses some of the problems identified.

SUMMARY OF THE INVENTION

In a first preferred aspect, there is provided a method for
identifying a person using their finger-joint print including
the outer skin around the proximal interphalangeal joint of a
finger, the method comprising:
capturing an image of the finger-joint print of the person;
extracting a region of interest (ROI) image I, basedon a
local convexity property of the finger-joint print;

extracting features representing the orientation of the lines
in a finger-joint print image from the ROI image 1.,
using an extended Gabor phase coding scheme and the
extracted features are represented in competitive code
maps;

wherein angular distance between the competitive code

maps is compared with a reference set in a database to
identify the person.

The method may further comprise the initial step of placing
the finger onto a triangular block.

The method may further comprise defining a ROI coordi-
nate system to extract the ROI image I, by:
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A real part G of a neurophysiology-based Gabor filter may
be applied to the ROI image I, to extract the orientation
information of the ROI image 1.

The orientation information may be represented in a com-
petitive code map defined by:

compCode(x, y) = argmaxiabs(Igos(x. y) ¥ Gr(x, y, @, 6}, j= 0, ... .5}
4

where * represents the convolution operation and G repre-
sents the real part of neurophysiology-based Gabor function
G.

The angular distance D(P,QQ) may be defined by the follow-
ing equation:

Rows Cols

D (Pulx ) N Qu v, DX GP(, Y), O, )
pp. o= 2

Rows Cols

32 2 Pul, N Qux, y)

y=0 x=0

where

1, Px,y)=6and Q(x, y) £ 6

1, Px,y)#6 and Q(x, y) =6

0, Pz, y) = Q(x, )

min(P(x, y) - Q(x, y), Qx, y) — (P(x, y) - 6)),
if P(x, y)>Q(x,y) and P(x, y) # 6

min(Q(x, y) - P(x, y), P(x, y) - (Q(x, y) - 6)),
if P(x,y) < Q(x, y) and Q(x, y)+6

G(P(x, y), Qx, y) =

and N denotes an AND operator.

An A* path-finding searching algorithm may be used to
provide an approximate optimal solution to match the
extracted features stored as competitive code maps.
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In a second aspect, there is provided a system for identify-
ing a person using their finger-joint print including the outer
skin around the proximal interphalangeal joint of a finger, the
method comprising:

an image capture device to capture an image of the finger-
joint print of the person;

a first extraction module to extract a region of interest
(ROI) image I, based on a local convexity property of
the finger-joint print;

a second extraction module to extract features representing
the orientation of the lines in a finger-joint print image
from the ROI image I, using an extended Gabor phase
coding scheme and the extracted features are repre-
sented in competitive code maps;

wherein angular distance between the competitive code
maps is compared with a reference set in a database to
identify the person.

The system may further comprise a triangular block for

placement of the finger.

The present invention is a standalone system that advanta-
geously uses the 2D finger-joint print features for personal
identification. Through rigid experiments, this new biometric
identifier has the properties of uniqueness and stability, which
make it a very good biometric characteristic for personal
identification.

The present invention advantageously operates in real-time
and achieves a high recognition rate that is comparable to
other biometric systems, such as fingerprint recognition sys-
tem.

The present invention is more user friendly than other
kinds of systems, such as fingerprint recognition system. The
imaging of the present invention is touchless and unlike fin-
gerprint imaging, no imprint will be left.

The present invention has a small form factor compared to
some existing biometric systems, such as a palmprint recog-
nition system. This means it can be easily deployed in many
applications.

The present invention is very cost effective and can achieve
high performance comparable to other popular biometric sys-
tems.

The present invention is more suitable than other biometric
systems in some specific applications. For example, com-
pared with the fingerprint or palmprint recognition systems,
the present invention is more suitable for labor workers. The
inner surface of these workers’ hands may suffer severe abra-
sion and therefore fingerprint or palmprint recognition sys-
tems are unsuitable.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of the invention will now be described with
reference to the accompanying drawings, in which:

FIG.1 is a process flow diagram for matching a finger-joint
print in accordance with a preferred embodiment of the
present invention;

FIG. 2 is a structural diagram of a finger-joint print iden-
tification system;

FIG. 3 is a sample image captured by an image capture
device of the system of FIG. 2;

FIG. 4 is a coarse sub-image |
FIG. 3,

FIG. 5 is an edge image |
Tovarse Of FIG. 4;

FIGS. 6(a) and (b) illustrate a convex direction coding
scheme;
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FIG. 7 is a Region of Interest (ROI) coordinate system for
the coarse sub-image 1_,,,.. of FIG. 4 where the rectangle
indicates the ROI area corresponding to the coarse sub-image
I.oarse that is to be extracted;

FIG. 8 is a set of examples of the ROI images;

FIG. 91s aset of images where the top image is a ROl image
Izor and the bottom image is its competitive code map;

FIG. 10 is a chart illustrating the distribution of genuine
and imposter distances; and

FIG. 11 is a chart illustrating the False Rejection Rate
(FRR) and the False Acceptance Rate (FAR) plots.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, a personal identification system 18 is
provided that is based on a two-dimensional (2D) finger-joint
print. The finger-joint print refers to the outer skin around the
proximal interphalangeal joint of a finger. The system 18
generally comprises two parts: a finger-joint print image
acquisition device 19 to capture the finger-joint print image of
a person, and a software module 27 to process the captured
image for personal identification.

The process of the software module 27 includes: register-
ing and matching finger-joint print images. When registering
a finger-joint print, an image of the finger-joint print is cap-
tured 10. The finger-joint print image is acquired 11 and then
the Region of Interest (ROI) image I, s extracted 12 withan
extraction algorithm based on the local convexity property of
the finger-joint print. The features representing the orienta-
tion of the lines in a finger-joint print image is extracted 13
from the ROI image I,; based on the extended Gabor phase
coding scheme. The extracted features are represented in
competitive code maps 92 and stored in a database 15.
Another feature is retrieved from the newly acquired image
and is searched against images previously stored in the data-
base 15 to obtain angular distances during matching. To deter-
mine if there is match, the angular distances are compared 14.
If the angular distance is zero a perfect match is found. How-
ever, if the angular distance is within a predetermined accept-
able range, then this may also be considered a match.

Finger-Joint Print Image Acquisition Device

Referring to FIG. 2, the finger-joint print image acquisition
device 19 generally comprises a finger bracket 24, aring LED
light source, a lens, a common CCD camera 22 and a frame
grabber 21. The frame grabber 21 is an electronic device that
captures individual, digital still frames from the CCD camera
22. To obtain a stable finger-joint print image, a case is pro-
vided for the finger bracket 24 to form a semi-closed envi-
ronment. The finger bracket 24 is used to control the pose of
the finger. The device 19 ensures that the pose of the same
finger does not significantly vary between different capturing
sessions in order to simplify the recognition methods. The
finger bracket 2 has a triangular block 24 which constrains the
angle between the proximal phalanx 26 and the middle pha-
lanx 25 to a certain magnitude.

When capturing an image of the finger-joint, the user is
instructed to place their finger flat on the basal block of the
finger bracket 23 and to make the middle phalanx 25 and the
proximal phalanx 26 close against the two slopes of the tri-
angular block 23. The angle between the middle phalanx 25
and the proximal phalanx 26 is approximately the same as that
formed by the two slopes of the triangular block 23. After the
image is captured by the CCD camera 22 and frame grabber
21, it is transmitted to the computer 20 for further processing
by the software module 27. FIG. 3 shows a sample image 30
acquired by the device 19.
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ROI Image Extraction from Finger-Joint Print Images

In the software module 27, an ROI coordinate system is
defined that is able to align different finger-joint print images
for matching. For reliable feature measurements, an algo-
rithm determines the ROI coordinate system. The ROl images
are extracted using the ROI coordinate system. The X-axis of
the ROI coordinate system is relatively easily identified while
the Y-axis presents some difficulty. The “skin curves™ on the
two sides of the proximal interphalangeal joint have different
convexity properties. The details of the ROI image extraction
process are described.

A “coarse” sub-image |
nal image 30.

Usetul pixels only occupy a part of the image acquired that
corresponds to a “real” finger. The coarse sub-imageI_ ... 40
is cropped from the original image 30 for the convenience of
subsequent processing. The left and right boundaries of the
“coarse” sub-image [, ... 40 are evaluated by experience.
The top and bottom boundaries are evaluated according to the
boundary of the “real” finger. The boundaries are obtained
using a method such as a canny edge detector. The corre-
sponding coarse sub-image | 40 of the sample image 30
is depicted in FIG. 4.

A corresponding edge image I, 50 is obtained for the
coarse sub-image [, ... 40 using a canny edge detector. The
corresponding edge image I, 50 for the coarse sub-image
Tooarse 40 1s depicted in FIG. 5.

The corresponding edge image 1., 50 is convex direction
coded based on a local convexity property to obtain a convex-
ity coding image I .. illustrated by FIG. 6(b). Each pixel of the
corresponding edgeimagel, ... 50is given acode to represent
the local convexity of this pixel. The underling principle of
this coding scheme is as follows. Based on the observation of
finger-joint print images, an ideal model for “curves” on an
finger-joint print image is abstracted as shown in FIG. 6(a). In
this model, a finger-joint print “curve” is either convex left-
ward (squared points in FIG. 6(a) or convex rightward (circle
points in FIG. 6(a)). A pixel on a convex leftward curve is
given a code “1”; a pixel on a convex rightward curve is given
acode “~17, and the other pixels not on any curves are coded
as “0”. The present invention regards the edges in I, as
“curves” and this convex direction coding is performed on
ledge FIG. 6() illustrates the coding result for FIG. 6(a).

The algorithm is:

40 is cropped from the origi-

coarse

coarse

height of L.z,
Ymid = f;

initialize I, with the same size as [ 4, and assign each pixel a value zero;
scan each pixel on I 4., from left to right, from top to down:
for the current pixel I (i, j)
// 1,j represents the row and column of the current pixel in the
image Lz,
if Logg.(isj) == 0// it is a background pixel
ignore it;
else if [y (i+1,j-1) == 1 and [, (i+1,j+1) == 1 [/ itisa
bifurcation pixel
ignore it;
else if (I 4 (i+1,j-1) ==l and i <=y,,,;;) or (I
Land i>Y,,;)
Lo = 1;
else if (I g (i+1,j+1) == 1 and i <=y,,;5) or (I . (i+1,j-1) ==
Land i>Y,,5)
Loi,j) = -1;

edge(i+1 J+l) ==

The convexity coding image I illustrated by FIG. 6() is
obtained which reflects the local convexity property of the
“curves” on the original finger-joint print image. Most of the
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“1” pixels lie on the left part of the convexity coding image [
while most of the “~1" ones lie on the right part FIG. 6(b). A
line X=x, is obtained that can best classify “~1” and “1”
pixels on the convexity coding image .. The line X=x, that
can best classify “1” and “~1” pixels is fitted in the convexity
coding image I into left and right parts. The formula to
obtain x is:

num of "l" pixels on the right of X =x

= a.igrmn( num of "1" pixels

numof "—

1" pixels on the left of X = x]
num of "—1" pixels

The line X=x, is taken as the Y-axis of the ROI coordinate
system and the line

B height of coarse
’= 2

as the X-axis. A ROI image I, of a fixed size is extracted
from 1,,,., under this coordinate system. FIG. 7 illustrates
the ROI coordinate system set up for the coarse sub-image
Loarse 40 shown in FIG. 4. In FIG. 7, the rectangle 71 indi-
cates the area of the ROI image I, that will be extracted.
FIG. 8 shows some examples of ROl images extracted by the

method described above.
Feature Extraction and Coding

There are abundant line features in the finger-joint print
image. A Gabor function based competitive coding scheme
extracts the features of interest. A circular Gabor filter is an
effective tool for texture analysis. The formula is:

Glx, y, 0, 0) =

e —e 2

2
w 2,2 . 2
— 4"+ ’ _K_
8)(2( Ty )(euwx ]

27 Kk

where X'=(x—X,)cos 0+(y-y,)sin 0, y'=—(x—xy)sin 0+(y-y,)
cos 0; (Xq,¥,) is the center of the function; w is the radial
frequency in radians per unit length and 6 is the orientation of
the Gabor functions in radians. The x is defined by

N 241
K= 26-1)

where 8 is the half-amplitude bandwidth of the frequency
response. When o and 0 are fixed, o can be derived from
w=x/0. This Gabor function is referred to as a neurophysiol-
ogy-based Gabor function. It is the same as the general Gabor
functions but the choices of parameters is limited by neuro-
physiological findings and the DC (direct current) of the
functions are removed.

To extract the orientation information of the ROI image
Izop the real part of the neurophysiology-based Gabor filter is
applied to it. At each pixel 15 ,(x,y), Gabor responses R =l
(X,y)*Gx(x%,y,w,0,) are calculated at six different orientations
8,=jm/6, j={,1, ... 5}. * represents the convolution operation



US 8,208,692 B2

7
while Gy represents the real part of Gabor function G. The
competitive code at this pixel is then defined as follows:

compCode(x, y) = argmaxtabs(lgo; (x, ¥) * Gr (X, y, w, 7))}
i

The algorithm details are:
for each pixel I,/(x,y) on the ROI image 1,

R ={R;=Izo; (x,y) * Gz (x,y,0,0,)}, where 0, = jn / 6, j = {0,1,...5}
if std(R) / (max(R) — min(R)) < threshod //this pixel does not have a
definite orientatior

compceode(x, y) = 6;
else

compCode(x, y) = argmax{abs(R ;)}
J

The competitive code map 92 is also stored in a matrix
form. FIG. 9 shows an example of a ROl image [ ,,91 and its
corresponding competitive code map 92 obtained with the
algorithm described above.

Matching Competitive Codes

Given two competitive code representation of two finger-
joint prints, a matching algorithm determines the degree of
similarity between them. Angular distances are employed to
compare them. Let P and Q be the two feature matrices
(competitive code maps 92) and P,, and Q,, be the corre-
sponding masks used for indicating the overlapping areas
when one of the features is translated. Angular distance D(P,
Q) is defined by the following equation:

Rows Cols

D (Pl ) N Qu e, )X G(P(x, y), Q(x, )
pp, o= 2

Rows Col

35 % Pulr ) Qu, )
y=0 x=0
where

1, P(x,y)=6 and Q(x, y) 6

1, P(x,y)#+ 6 and Q(x, y) =6

0, Kx, y) = Qx, )

min(P(x, y) - Q(x, y), Qx, y) — (P(x, y) - 6)),
if P(x,y)> Q(x, y)and P(x, y) #6

min(Q(x, y) - P(x, y), P(x, y) — (Q(x, y) - 6)),
if P(x,y) < Q(x, y)and P(x, y)#6

G(P(x, y), Qx, y) =

M denotes an AND operator. Taking into account the pos-
sible translations in the extracted sub-image (with respect to
the one extracted during the enrolment), multiple matches are
performed with one of the features translated in horizontal
and vertical directions. The minimum of the resulting match-
ing scores is considered to be the final angular distance.

In the majority of cases, the ROI images cannot be per-
fectly matched. When comparing the competitive codes, a
range of translations is applied to obtain multiple matching
distances and the minimal one is regarded as the final angular
distance. This means that a minimal distance is searched for
within a “translation space”. It is very time consuming if this
is directly performed over the competitive codes. Therefore a
multi-scale matching scheme is used. At first, the pyramidal
trees for the two competitive codes are constructed based on
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a down sampling operation. If the normal coarse-to-fine
matching is used, for the majority of cases, it cannot provide
an optimal solution. This is because when such a searching
makes a bad choice of directions in the coarse-to-fine search,
it can never backtrack no matter how large the error becomes
at the fine scale levels. An A* (which is a path-finding algo-
rithm fully developed in Artificial Intelligence) like searching
algorithm is used which can provide an approximate optimal
solution. The A* path-finding searching algorithm provides
an approximate optimal solution to match the extracted fea-
tures stored as competitive code maps 92.

Experiments and Results

In order to evaluate the system 18, rigorous experiments
are performed on the specially acquired finger-joint print
image database from 165 subjects. All images were acquired
using the image capture device 22. The database 15 was
populated. In the dataset, 125 people are male. In addition, the
finger-joint print images were collected at two separate ses-
sions. At each session, the subject was asked to provide six
images, each of the left index finger, left middle finger, right
index finger and right middle finger. Therefore, each person
provided 48 images. The database 15 contains 7920 images
from 660 different fingers. The average time interval between
the first and second sessions was around 25 days.

To verify accuracy of the system 18, each finger-joint print
image is matched with all the other images in the database 15.
This resulted in 43,560 genuine and 31,359,240 imposter
matching distances respectively. FIG. 10 shows the distribu-
tion of genuine and imposter matching distances. FIG. 11
shows the performance of the system, in terms of the FRR
(false rejection rate) and the FAR (false acceptance rate)
characteristics. The EER (equal error rate) obtained by the
system is 1.13%, which is comparable with other hand-based
biometrics, such as hand geometry, 3D finger surface and
fingerprint.

The system 18 uses a 2D finger-joint print which has abun-
dant line features as a biometric identifier. The system 18 is
low cost system for real-time personal identification. The
system 18 includes a novel CCD camera based finger-joint
print image acquisition device 22 and an associated software
processing system 27. A preprocessing algorithm extracts the
ROI image I, from finger-joint print image for feature
extraction. The use of a 2D Gabor filter based competitive
coding is extended to represent a finger-joint print image
using its texture feature. When matching, a normalized angu-
lar distance for the matching measurement is applied. The
EER of the system is 1.13% using the current finger-joint
print database 15 of 7,920 images from 660 different fingers.
Experiments indicate that the system 10 can achieve compa-
rable results with other hand-based biometrics, such as fin-
gerprint, hand geometry or 3D finger surface. The system 18
may be used for personal identification or verification. If
other biometrics based systems are not suitable, the system 18
is a viable and cost-effective alternative.

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.

We claim:

1. A method for identifying a person using their finger-joint
print including the outer skin around the proximal interpha-
langeal joint of a finger, the method comprising:

capturing an image of the finger-joint print of the person;

extracting a region of interest (ROI) image [, based on a

local convexity property of the finger-joint print;
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extracting features representing the orientation of the lines

in a finger-joint-print image from the ROI image I,

using an extended Gabor phase coding scheme and the

extracted features are represented in competitive code

maps, wherein angular distance between the competitive

code maps is compared with a reference setin a database

to identify the person; and

defining a ROI coordinate system to extract the ROI image

Lrorby:

cropping a coarse sub-image [
image;

obtaining a corresponding edge image 1., from the
coarse sub-image [ ... using a canny edge detector;

coding the corresponding edge image I, based on a
local convexity property to obtain a convexity coding
image I__, such that each pixel on the corresponding
edge image 1 ., is assigned a code to represent the
local convexity of this pixel;

obtaining a line X=x, to best classify “~1”and “1” pixels
on the convexity image I__; and

taking the line X=x,, as the Y-axis of the ROI coordinate
system and the line

from the captured

coarse

height of ioarse
Y=

as the X-axis.
2. The method according to claim 1, further comprising the
initial step of placing the finger onto a triangular block.
3. The method according to claim 1, wherein the formula to
obtain x is:

num of "1" pixels on the right of X =x N

o= a.zgrmn( num of "1" pixels

num of "—1" pixels on the left of X = x]
num of "—1" pixels

4. The method according to claim 1, wherein a real part G,
of'a neurophysiology-based Gabor filter is applied to the ROI
image I, to extract the orientation information of the ROI
Iror

5. The method according to claim 4, wherein the orienta-
tion information is represented in a competitive code map
defined by:

compCode(x, y) = argmax{abs(lros(x, y)* Gr(x, y, 0, 0;)}, j =10, ... , 5}
4

where * represents the convolution operation and G rep-
resents the real part of neurophysiology-based Gabor
function G.
6. The method according to claim 1, wherein the angular
distance D(P,Q) is defined by the following equation:

Rows Cols

D (Pur(x 3) N Qux, )X GIP(x, 3), (v, )

=0 x=0

D, Q) = Rows Cols

3% X Pul, N Qux, y)

y=0 x=0
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-continued

where

1, P(x,y)=6and Q(x, y) #6

1, P(x, y) #6and Q(x, y) =6

0, Pz, y) = Q(x, »)

min(P(x, y) - Q(x, y), Qx, y) — (P(x, y) - 6)),
if P(x, y)>Q(x, y) and P(x,y)+6

min(Q(x, y) — P(x, y), P(x, y) - (Q(x, y) - 6)),
if P(x, y) < Q(x,y) and Q(x, y) 6

G(P(x, y), Qx, y) =

and () denotes an AND operator.

7. The method according to claim 1, wherein an A* path-
finding searching algorithm is used to provide an approxi-
mate optimal solution to match the extracted features stored
as competitive code maps.

8. A system for identifying a person using their finger-joint
print including the outer skin around the proximal interpha-
langeal joint of a finger, the system comprising:

an image capture device to capture an image of the finger-
joint print of the person;

a first extraction module to extract a region of interest
(ROI) image I, based on a local convexity property of
the finger-joint print; and

a second extraction module to extract features representing
the orientation of the lines in a finger-joint print image
from the ROI image I, using an extended Gabor phase
coding scheme and the extracted features are repre-
sented in competitive code maps;

wherein angular distance between the competitive code
maps is compared with a reference set in a database to
identify the person, and

wherein the first extraction module is configured to define
a ROI coordinate system to extract the ROI image I,

by:

cropping a coarse sub-image I__,... from the captured
image;

obtaining a corresponding edge image I, from the

coarse sub-image [ ... using a canny edge detector;

coding the corresponding edge image I, based on a
local convexity property to obtain a convexity coding
image I, such that each pixel on the corresponding
edge image 1, is assigned a code to represent the
local convexity of this pixel;

obtaining a line X=x, to best classify “~1”and “1” pixels
on the convexity image I__; and

taking the line X=x,, as the Y-axis of the ROI coordinate
system and the line

B height of ioarse
’= 2

as the X-axis.

9. The system according to claim 8, further comprising a
triangular block for placement of the finger.

10. A system for identifying a person using their finger-
joint print including the outer skin around the proximal inter-
phalangeal joint of a finger, the system comprising:

image capturing means for capturing an image of the fin-

ger-joint print of the person;

region extracting means for extracting a region of interest

(ROI) image I, based on a local convexity property of
the finger-joint print;
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feature extracting means for extracting features represent-
ing the orientation of the lines in a finger-joint print
image from the ROl image I, using an extended Gabor
phase coding scheme and the extracted features are rep-
resented in competitive code maps;

comparing means for comparing angular distance between
the competitive code maps with a reference set in a
database to identify the person; and

means for defining a ROI coordinate system to extract the
ROI image I, by cropping a coarse sub-image [,
from the captured image, obtaining a corresponding
edgeimage, .. from the coarse sub-image L., using
a canny edge detector, coding the corresponding edge

image L, based on a local convexity property to obtain

12

a convexity coding image I, such that each pixel on the
corresponding edge image 1 ., is assigned a code to
represent the local convexity of this pixel, obtaining a
line X=x,, to best classify “~1" and “1” pixels on the
convexity image and taking the line X=x, as the Y-axis of
the ROI coordinate system and the line

B height of coarse
’= 2

as the X-axis.



