
;e3ex^x6 T^oK BIOMETRIC DATA ACCEPTANCE METHOD BACKGROUND OF THE INVENTION
1. Field of the Invention The present invention relates to a biometric 2 7
N o v 2002 identification technique, and in particular to a biometric data
acceptance method for use in biometric identification. 2. Description of
the Related Art In network-based information services, identification of
individuals is one of the most important issues to ensure protection of
communications security against abuse) unauthorized use, tempering by
unauthorized persons, pretending to an authorized person, or the like. The
identification must be accurate but not too cumbersome. To meet such a
condition, there have been proposed a number of biometric identification
techniques. Biometric data is data representing a certain human
characteristic that is not changed over all one's life and is different
from person to person, typically fingerprints, hand geometry, retinal
scans, facial images and the like. Taking fingerprint identification as an
example, a user places his/her predetermined finger on a prism so as to
display its fingerprint to a scanner such as a CCD image sensor. The input
fingerprint image data is sent to a fingerprint verifier, in which feature
data is extracted from the input fingerprint    ~ 7 N 0 V 200 2 image data
and then it is compared against previously stored fingerprint feature data.
Since a fingerprint is a unique and distinctive pattern that presents
unambiguous evidence of a specific person, accurate and simple
identification of individuals can be achieved. Such a fingerprint
identification system has been disclosed in Japanese Patent Application
Unexamined Publication No. 4-33065. In the above-described fingerprint
identification system, it is necessary to previously register the feature
data of a reference fingerprint that is used for comparison. In general,
the scanner scans a user's finger on a prism to produce fingerprint image
data and, if the number of pixels having gray levels greater than a
predetermined gray level exceeds a predetermined value, it is determined
that the input fingerprint image data is acceptable. In order to register
the reference fingerprint with reliability, the user' s finger is usually
scanned a plurality of times. A plurality of input fingerprint images
obtained by the scanning operations are used to create the feature data of
the user's fingerprint. For example, an input fingerprint image having the
best quality is used to extract its feature data. Alternatively, a
combination of several input fingerprint images may be used to create the
feature data more suitable for comparison. Such a fingerprint input method
imposes the user to perform the fingerprinting operation a plurality of
times. More   2 ? ~~ 4V 2~Q~~ 



3 specifically, the user must repeatedly place the finger on the scanner
and move it off the scanner plural times to produce fingerprint patterns
caused by different fingerprinting operations. However, there may be cases
where some user continuously places the finger on the scanner without
moving it off to produce input fingerprint images by scanning it plural
times . In such a case, the correct fingerprinting operation is not
performed and therefore the fingerprint data obtained by such an incorrect
fingerprinting operation should not be accepted. SUMMARY OF THE INVENTION
An object of the present invention is to provide a biometric data
acceptance method and apparatus allowing the input biometric data obtained
by an incorrect operation of inputting biometric data not to be accepted.
According to the present invention, an apparatus for accepting a biometric
image for biometric identification,' includes: an input device for
inputting a biometric image; a memory for storing at least one reference
biometric image; and a determiner for determining whether an input
biometric image is acceptable, depending on whether a degree of similarity
between the input biometric image and a reference biometric image is
smaller than a predetermined threshold.   2 ~ N o~ zooz 4 The determiner
may determine that the input biometric image is acceptable when the degree
of similarity is smaller than the predetermined threshold. The determiner
may determine that the input biometric image is not acceptable when the
degree of similarity is not smaller than the predetermined threshold. The
apparatus may further include an output device for prompting a user to
re-enter a biometric image through the input device when the determiner
determines that a previously input biometric image is not acceptable. The
memory may store a reference biometric image that was accepted last time.
The memory may store a plurality of reference biometric images that were
inputted in the past, including a previously accepted biometric image. The
determiner may calculate a degree of similarity between the input biometric
image and each of the reference biometric images wherein, when a11
calculated degrees of similarity are smaller than the predetermined
threshold, the determiner determines that the input biometric image is
acceptable. According to another aspect of the present invention, a
fingerprint acceptance apparatus includes: an input device for inputting a
fingerprint image; a memory for storing at least one reference fingerprint
image; a similarity calculator for calculating a degree of similarity
between the input fingerprint image and a reference fingerprint image; and
a determiner for determining whether an input fingerprint image is
acceptable, depending on whether the degree of similarity is smaller than
~ ~ c~~~ 2002 5 a predetermined threshold. The input device may be an
optical scanner on which a user' s finger is to be placed. The input device
may include a semiconductor chip implementing a sensing function of sensing
a fingerprint image by one of electrostatic capacitance system,
heat-sensing system, and electric field sensing system. The similarity
calculator may calculate the degree of similarity between the input
fingerprint image and a reference fingerprint image using an expression
represented by 



~FrIG~/~G~, where G = { x I g ( x ) > T ( x E D } where g ( x ) is an input
fingerprint image, x is a coordinate vector of a pixel in a two-dimensional
image plane, and D is the whole image plane or a predetermined part thereof
, F = { x ~ f ( x ) > T , x E D } , wherein f ( x ) is a reference
fingerprint image, and ~ p ~ indicates the area of p or the number of
pixels thereof. The degree of similarity 7 ( f , g ) may be calculated by
an . expression represented by f I ~a,~~ ~.f fix) - T )I ~n,x~ ~f fix) -
T')dx )'~l,f)= D f I ~u,,~~ (b' (x) - T )cdx D -~1 y>0, ~~" y.~~Y) 0 y <_
0. The degree of similarity may be obtained by using one   2 7 N 0 V ~Og~ 6
of gray level correlation between the input fingerprint image and the
reference fingerprint image and the number of pixels having same binary
value in both the input fingerprint image and the reference fingerprint
image. The degree of similarity may be obtained by dividing the number of
pixels having same binary value in both the input fingerprint image and the
reference fingerprint image by the number of a11 pixels of the input
fingerprint image. The degree of similarity may be obtained by dividing the
number of pixels having same binary value in both the input fingerprint
image and the reference fingerprint image by the number of a11 pixels of
the reference fingerprint image. The degree of similarity may be obtained
based on a degree of partial similarity calculated as to a partial image
for the input fingerprint image and the reference fingerprint image.
According to further anther aspect of the present invention, a method
includes the steps of: a) storing at least one reference biometric image in
a memory; b) inputting a biometric image through an input device; c)
calculating a degree of similarity between the input biometric image and a
reference biometric image; and d) determining whether an input biometric
image is acceptable, depending on whether the degree of similarity is
smaller than a predetermined threshold. As described above, according to
the present invention, it is determined whether an input biometric image is
similar to a previously accepted biometric image and thereby it is   2 ? N
OV 2002  possible to determine whether the input biometric image should be
accepted. Therefore, for example, if a user continuously places the finger
on the scanner without moving it off, such an incorrect operation is
rejected and the input image is not accepted. In addition, according to the
present invention) when the incorrect input operation is performed, it is
possible to prompt the user to move it off and replace by a replacement
message. 



Therefore, reliable image data can be obtained and accepted. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram showing a schematic
configuration of a system employing a biometric data acceptance method
according to a first embodiment of the present invention; Fig. 2 is a
flowchart showing the biometric data acceptance method according to the
first embodiment; Fig. 3A is a diagram showing the contents of a reference
fingerprint image memory in a system employing a biometric data acceptance
method according to a second embodiment of the present invention; Fig. 3B
is a flowchart showing a biometric data   2 7 f~ O~J 2002  acceptance
method according to the second embodiment; Fig. 4 is a block diagram
showing a schematic configuration of a system employing a biometric data
acceptance method according to a third embodiment of the present invention;
Fig. 5 is a flowchart showing the biometric data acceptance method
according to the third embodiment; Fig. 6 is a flowchart showing a
biometric data acceptance method according to a fourth embodiment of the
present invention; and Fig. 7 is a block diagram showing a schematic
configuration of a biometric data acceptance system using a
program-controlled processor. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS In the case where a user performs
the fingerprinting operation plural times, it is almost impossible to place
the finger at the same position on the scanner for each fingerprinting.
Therefore, each input fingerprint pattern is naturally different . In other
words , if the user repeatedly place the finger on the scanner and move it
off plural times,   2 7 NOb' 2J~~~ 9 then the similarity between plural
input fingerprint patterns obtained by different fingerprinting operations
may be relatively low. Contrarily, if the user continuously places the
finger on the scanner without moving it off , then the similarity between
plural input fingerprint patterns may be high. It is the same with other
biometric data. According to the present invention, it is determined
whether the similarity between the current fingerprint pattern and the
previously input fingerprint pattern is high or low and, if the similarity
is high, then it is determined that the input fingerprint pattern is not
acceptable. If the similarity is not high, then it is determined that the
input fingerprint pattern is acceptable. The details of similarity decision
will be described hereafter. SIMILARITY DECISION A similarity decision
method included in an image data acceptance method according to the present
invention is comprised of pattern extraction step (A), similarity
calculation step (B), and similarity determination step (C). In the pattern
extraction step (A), a binary image processing method is used to extract an
input pattern G and a reference pattern F from an input image g(x) and a
reference image f(x), respectively. More specifically, the gray level of
each pixel in the input image g(x) is compared with a predetermined
gray-level threshold T. Pixels having a gray level greater than T are
extracted as the input pattern G from   2 7 N 0 V 2002  the input image g (
x ) . Therefore, the input pattern extraction is represented by the
following expression: G: - {x~ g(x) > T, x E D} ... (1), where x is a
coordinate vector of a pixel in a two-dimensional image plane and D is the
whole image plane or a predetermined part thereof. Similarly, the reference
pattern extraction is represented by the following expression: F: - {x~
f(x) > T. x E D} ... (2). In the similarity calculation step (B), the input
and reference patterns G and F are used to calculate the degree of
similarity, Y , between the input image g(x) and the reference image f ( x
) . If the input image g ( x ) is similar to the reference image f(x) , it
can be considered that almost all pixels of the input pattern G are
overlapped with the reference pattern F. Therefore, if the input image g(x)
is similar to the reference image f(x), then ~FfIG~/~G~ is nearly equal to
1.0, where ~ p ~ indicates the area of p or the number of pixels thereof ,
that is) ~F~1G~/~G~ "'1.0 ~ ... (3). Contrarily, if the input image g(x) is
not similar to the reference image f ( x ) , then ~ F ~1 G ~ / ~ G ~ is
much smaller than 1 . 0 , that is, 



~F~1G~/IG~  1.0 ... More specifically, the degree of similarity T(f, g)
between the input image g(x) and the reference image f(x) is   2 7 N OV
2002  calculated by using the following equation: f I ~u.~>W x) - T')I
~o.x) ~f ~x) - T )clx )'(l,f)= n fl~u.x>~f~x)-T)dx n -~1 y>0, ~m-<,~)') ~ y
50. ... In the similarity determination step (C) , it is determined based
on the degree of similarity 7 ( f , g ) whether the input image g ( x ) is
similar to the reference image f ( x ) . More specifically the degree of
similarity r ( f , g) is compared to a predetermined threshold of
similarity, Tsim. If 7(f, g) exceeds Tsim, then it is determined that the
user continuously places the finger on the scanner without moving it off
and thereby the input fingerprint image is not accepted. Contrarily, if
'Y(f, g) is equal to or smaller than Tsim, then it is determined that the
fingerprinting operation is properly performed and thereby the input
fingerprint image is accepted.  The degree of similarity r(f, g) may be
obtained, for example, by the following method: 1) using gray-level
correlation between the input image g(x) and the reference image f(x); 2 )
using the number of pixels having the same binary value " 1 " or " 0 " in
both the input image g ( x ) and the reference image f ( x ) ;   l ~ a a
~oo~ 12 3 ) dividing the number of pixels having the same binary value " 1
" or " 0 " in both the input image g ( x ) and the reference image f ( x )
by the number of pixels forming the whole input image; or 4 ) dividing the
number of pixels having the same binary value " 1 " or " 0 " in both the
input image g ( x ) and the reference image f ( x ) by the number of pixels
forming the whole reference image . Alternatively) after obtaining a degree
of similarity as to a partial image for the input image g(x) and the
reference image f(x) using one of the above methods, the degree of
similarity 7(f, g) between the input image g(x) and the reference image
f(x) may be calculated based on the degree of partial similarity. Based on
the similarity decision method as described above , preferred embodiments
of the present invention will be described in detail, taking the case of
fingerprinting as a typical example. FIRST EMBODIMENT 



Referring to Fig. 1, a biometric data acceptance system according to a
first embodiment includes a fingerprint image input section 1, a similarity
decision section-2, a reference fingerprint image memory 3, and an accepted
fingerprint image output section 4. The fingerprint image input section 1
is provided with a fingerprint sensor that scans the fingerprint of a user
s finger placed on a scan window to produce digital fingerprint image data.
The fingerprint sensor may employ an optical   2 7 ~ ov 2ooz 13 sensing
method or another sensing method. For example, the user's finger is placed
on a semiconductor chip to sense protrusions and depressions of its
fingerprint using electrostatic capacitance method, heat-sensing method,
electric field sensing method or the like. The reference fingerprint image
memory 3 stores fingerprint image data that was accepted last time as
reference fingerprint image data. The similarity decision section 2
determines whether the current input fingerprint image is similar to the
previously accepted fingerprint image stored in the reference fingerprint
image memory 3. If the input fingerprint image is similar to the reference
fingerprint image, then the similarity decision section 2 rejects the input
fingerprint image. Contrarily, if the input fingerprint image is not
similar to the reference fingerprint image, then the similarity decision
section 2 accepts the input fingerprint image to output it to the accepted
fingerprint image output section 4. At the same time, the similarity
decision section 2 updates the reference fingerprint image memory 3 by
replacing the stored fingerprint image data with the currently accepted
fingerprint image data. The similarity decision section 2 may be
implemented by a similarity decision program running on a microprocessor.
The similarity decision program may be previously stored in a control
memory (not shown) composed of a read-only memory (ROM) , a non-volatile
semiconductor memory, or the like.   2 ? N OV ~UUZ 14 Referring to Fig. 2,
when inputting fingerprint image data from the fingerprint image input
section 1, the similarity decision section 2 starts the similarity decision
program to calculate the similarity between the input fingerprint image and
the reference fingerprint image stored in the reference fingerprint image
memory 3 as described before. Based on the similarity, it is determined
whether the input fingerprint image is similar to the reference fingerprint
image stored in the reference fingerprint image memory 3 (step S1). When it
is determined that the input fingerprint image is similar to the reference
fingerprint image (YES at step S1) , the similarity decision section 2
rejects the input fingerprint image. When it is determined that the input
fingerprint image is not similar to the reference fingerprint image (NO at
step S1), the similarity decision section 2 accepts the input fingerprint
image to output it to the accepted fingerprint image output section 4 (step
S2). At the same time, the similarity decision section 2 updates the
reference fingerprint image memory 3 by replacing the stored fingerprint
image data with the currently accepted fingerprint image data ( step S3 ) .
SECOND EMBODIMENT A biometric data acceptance system according to a second
embodiment has basically the same system configuration as in the first
embodiment of Fig. 1 except that the reference fingerprint image memory 3
stores a plurality of reference fingerprint images and the similarity
decision section 2   2 ~ N o v 2002 



15 performs searching operation against the reference fingerprint images.
As shown in Fig. 3A, the reference fingerprint image memory 3 stores a
plurality of reference fingerprint images RI(1)RI(n), which are a11 or
partial fingerprint images that were inputted in the past, including the
previously accepted fingerprint image. To reduce the time required for
similarity decision, the number of reference fingerprint images stored in
the reference fingerprint image memory 3 is preferably reduced. The
similarity decision section 2 may be implemented by a similarity decision
program running on a microprocessor. The similarity decision program may be
previously stored in a control memory (not shown) composed of a read-only
memory (ROM) , a non-volatile semiconductor memory, or the like. Referring
to Fig. 3B, when inputting fingerprint image data from the fingerprint
image input section 1, the similarity decision section 2 starts the
similarity decision program. After initializing a variable i to 1 ( step
S11 ) , the similarity decision section 2 searches the reference
fingerprint image memory 3 for a reference fingerprint image RI(i) (step
S12). Thereafter, the similarity decision section 2 calculates the
similarity between the input fingerprint image and the read reference
fingerprint image RI(i) as described before. Based on the similarity, it is
determined whether the input fingerprint image is similar to the reference
fingerprint image RI(i) (step S13).   2 ~ N ~~r 2002 16 When it is
determined that the input fingerprint image is similar to the reference
fingerprint image RI ( i) ( YES at step S13), the similarity decision
section 2 rejects the input fingerprint image and the control goes back to
the step S11. When it is determined that the input fingerprint image is not
similar to the reference fingerprint image RI ( i ) ( NO at step S13), it
is determined whether the variable i exceeds a predetermined value n, which
is the number of the reference fingerprint images stored in the reference
fingerprint image memory 3 ( step S14 ) . When the variable i is not
greater than n (NO at step S14), the variable i is incremented by one (step
S15) and the control goes back to the step S12. In this manner, the steps
S12-S15 are repeatedly performed while incrementing i until the variable i
exceeds n. When the variable i exceeds n, that is, all reference
fingerprint images stored in the reference fingerprint Image memory 3 have
been read ( YES at step S14 ) , it means that no reference fingerprint
image is similar to the input fingerprint image. Therefore, the similarity
decision section 2 accepts the input fingerprint image to output it to the
accepted fingerprint image output section 4 (step S16). At the same time,
the similarity decision section 2 updates the reference fingerprint image
memory 3 by adding the currently accepted fingerprint image data to the
previously stored fingerprint image data ( step S17). THIRD EMBODIMENT   2
7 N 0'd ~~sd? 17 A biometric data acceptance system according to a third
embodiment has basically the same system configuration as in the first
embodiment of Fig. 1 except that a message output function is added.
Therefore) blocks similar to those previously described with reference to
Fig. 1 are denoted by the same reference numerals and the details are
omitted. As shown in Fig. 4 , a message output section 5 is connected to
the similarity decision section 2. When the similarity decision section 2
determines that the input fingerprint image is similar to the reference
fingerprint image, the similarity decision section 2 controls the message
output section 5 so that the user is prompted to replace the finger on the
scanner by display or sound. For example, the message output section 5 may
include a display, a speaker, and/or a light-emitting diode. The similarity
decision section 2 may be implemented by a similarity decision program
running on a microprocessor. The similarity decision program may be
previously stored in a control memory ( not shown ) composed of a read-only
memory ( ROM ) , a non-volatile semiconductor memory, or the like.
Referring to Fig. 5, when inputting fingerprint image data from the
fingerprint image input section 1, the similarity decision section 2 starts
the similarity decision program to calculate the similarity between the
input fingerprint image and the reference fingerprint image stored in the
reference fingerprint image memory 3 as described before. Based on the
similarity, it is determined whether the input fingerprint image 



Z ? N 0'I 2~?~? 18 is similar to the reference fingerprint image stored in
the reference fingerprint image memory 3 (step S21). When it is determined
that the input fingerprint image is similar to the reference fingerprint
image ( YES at step S21 ) , the similarity decision section 2 controls the
message output section 5 so that the user is prompted to replace the finger
on the scanner by display or sound (step S22) and the control goes back to
the step S21. When it is determined that the input fingerprint image is not
similar to the reference fingerprint image (NO at step S21), the similarity
decision section 2 accepts the input fingerprint image to output it to the
accepted fingerprint image output section 4 ( step S23 ) . At the same
time, the similarity decision section 2 updates the reference fingerprint
image memory 3 by replacing the stored fingerprint image data with the
currently accepted fingerprint image data ( step S24 ) . FOURTH EMBODIMENT
A biometric data acceptance system according to a fourth embodiment has
basically the same system configuration as in the first embodiment of Fig.
1 except that the reference fingerprint image memory 3 stores a plurality
of reference fingerprint images , the similarity decision section 2
performs searching operation against the reference fingerprint images , and
a message output function is added. As shown in Fig. 3A, the reference
fingerprint image memory 3 stores a plurality of reference fingerprint
images RI(1)   2 ~ ~o~ 2ao~ 19 RI(n), which are all or partial fingerprint
images that were inputted in the past, including the previously accepted f
fingerprint image . To reduce the time required for similarity decision )
the number of reference fingerprint images stored in the reference
fingerprint image memory 3 is preferably reduced. The similarity decision
section 2 may be implemented by a similarity decision program running on a
microprocessor. The similarity decision program may be previously stored in
a control memory ( not shown ) composed of a read-only memory ( ROM ) , a
non-volatile semiconductor memory, or the like. Referring to Fig. 6, when
inputting fingerprint image data from the fingerprint image input section
1, the similarity decision section 2 starts the similarity decision
program. After initializing a variable i to 1 (step S31) ( the similarity
decision section 2 searches the reference fingerprint image memory 3 for a
reference fingerprint image RI(i) (step S32). Thereafter, the similarity
decision section 2 calculates the similarity between the input fingerprint
image and the read reference fingerprint image RI(i) as described before.
Based on the similarity, it is determined whether the input fingerprint
image is similar to the reference fingerprint image RI(i) (step S33). When
it is determined that the input fingerprint image is similar to the
reference fingerprint image RI(i) (YES at step S33), the similarity
decision section 2 controls the message output section 5 so that the user
is prompted to replace the   2 ~ N~~ Zp02 20 



finger on the scanner by display or sound (step S34) and the control goes
back to the step S31. When it is determined that the input fingerprint
image is not similar to the reference fingerprint image RI ( i ) ( NO at
step S33), it is determined whether the variable i exceeds a predetermined
value n, which is the number of the reference fingerprint images stored in
the reference fingerprint image memory 3 ( step S35 ) . When the variable i
is not greater than n (NO at step S35), the variable i is incremented by
one (step S36) and the control goes back to the step S32. In this manner,
the steps S32, S33, S35, and S36 are repeatedly performed while
incrementing i until the variable i exceeds n. When the variable i exceeds
n, that is, all reference fingerprint images stored in the reference
fingerprint image memory 3 have been read ( YES at step S35 ) , it means
that no reference fingerprint image is similar to the input fingerprint
image. Therefore, the similarity decision section 2 accepts the input
fingerprint image to output it to the accepted fingerprint image output
section 4 (step S37). At the same time, the similarity decision section 2
updates the reference fingerprint irnage memory 3 by adding the currently
accepted fingerprint image data to the previously stored fingerprint image
data (step S38). As described before, the similarity decision section 2 may
be implemented by a similarity decision program running on a
program-controlled processor.   2 ? N OV Z002 21 As shown in Fig. 7, for
example, the biometric data acceptance system according to the third
embodiment as shown m Fig. 4 may be implemented by replacing the similarity
decision section 2 with a program-controlled processor6. The similarity
decision program is stored in a program memory 7 such as a read-only memory
(ROM), a magnetic disk, a non-volatile semiconductor memory, or the like.
When inputting fingerprint image data from the fingerprint image input
section 1 , the program-controlled processor 6 reads the similarity
decision program from the program memory 7 and starts the similarity
decision process as described in Fig. 5. As described above, according to
the present invention, it is determined whether an input biometric image is
similar to a previously accepted biometric image and thereby it is possible
to determine whether the input biometric image should be accepted.
Therefore, for example, if a user continuously places the finger on the
scanner without moving it off, such an incorrect operation is rejected and
the input image is not accepted. In addition , according to the present
invention , when the incorrect input operation is performed, it is possible
to prompt the user to move it off and replace by a replacement message.
Therefore, reliable image data can be obtained and accepted.   21 ~~ ~~!
2.~~1~. 22 Claims: 1. An apparatus for accepting a biometric image for
biometric identification, comprising: an input device for inputting a
biometric image; a memory for storing at least one reference 



biometric image; and a determiner for determining whether an input
biometric image is acceptable, depending on whether a degree of similarity
between the input biometric image and a reference biometric image is
smaller than a predetermined threshold. 2. The apparatus according to claim
1, wherein, when the degree of similarity is smaller than the predetermined
threshold, the determiner determines that the input biometric image is
acceptable. 3 . The apparatus according to claim 2 , wherein , when the
degree of similarity is not smaller than the predetermined threshold, the
determiner determines that the input biometric image is not acceptable. 4.
The apparatus according to claim 1, further comprising: an output device
for prompting a user to re-enter   2 ~ ~ pV 2002 23 a biometric image
through the input device when the determiner determines that a previously
input biometric image is not acceptable. 5. The apparatus according to
claim 1, wherein the memory stores a reference biometric image that was
accepted last time. 6. The apparatus according to claim l, wherein the
memory stores a plurality of reference biometric images that were inputted
in the past, including a previously accepted biometric image. 7. The
apparatus according to claim 6, wherein the 



determiner calculates a degree of similarity between the input biometric
image and each of the reference biometric images wherein, when a11
calculated degrees of similarity are smaller than the predetermined
threshold, the determiner determines that the input biometric image is
acceptable. 8. A fingerprint acceptance apparatus for accepting a
fingerprint image) comprising: an input device for inputting a fingerprint
image; a memory for storing at least one reference fingerprint image; a
similarity calculator for calculating a degree of   2 7 I~ G'~ LOUD 24
similarity between the input fingerprint image and a reference fingerprint
image; and a determiner for determining whether an input f fingerprint
image is acceptable , depending on whether the degree of similarity is
smaller than a predetermined threshold. 9. The fingerprint acceptance
apparatus according to claim 8, wherein, when the degree of similarity is
smaller than the predetermined threshold, the determiner determines that
the input fingerprint image is acceptable. 10. The fingerprint acceptance
apparatus according to claim 9 , wherein ) when the degree of similarity is
not smaller than the predetermined threshold, the determiner determines
that the input fingerprint image is not acceptable. 11. The fingerprint
acceptance apparatus according to claim 8 ( wherein the input device is an
optical scanner on which a user's finger is to be placed. 12. The
fingerprint acceptance apparatus according to 



claim 8 , wherein the input device comprises a semiconductor chip
implementing a sensing function of sensing a fingerprint image by one of
electrostatic capacitance system, heat-sensingsystem, and electric field
sensing system.   2 7 E~! 0'V 2002 25 13. The fingerprint acceptance
apparatus according to claim 8 , wherein the similarity calculator
calculates the degree of similarity between the input fingerprint image and
a reference fingerprint image using an expression represented by F~1G~/~G~,
where G = { x, g ( x ) > T , x E D } where g ( x ) is an input f
fingerprint image, x is a coordinate vector of a pixel in a two-dimensional
image plane, and D is the whole image plane or a predetermined part thereof
( F = { x ~ f ( x ) > T ( x E D } , wherein f ( x ) is a reference
fingerprint image, and ~ p ~ indicates the area of p or the number of
pixels thereof. 14. The fingerprint acceptance apparatus according to claim
13 ( wherein the degree of similarity Y ( f , g ) is calculated by an
expression represented by )'~/>f) f I ~u.x~ ~ r fix) - T )I ~n.~) fib' fix)
- T')dx D f l~n.~~~g~x)-T)dx D _~1 y>0, f (~~ -,.~ ~Y) 0 y <_ 0. 15. The
fingerprint acceptance apparatus according to claim 8 , wherein the degree
of similarity is obtained by using one of gray-level correlation between
the input fingerprint   2 ? N o v 2002 26 image and the reference
fingerprint image and the number of pixels having same binary value in both
the input fingerprint 



image and the reference fingerprint image. 16. The fingerprint acceptance
apparatus according to claim 8 , wherein the degree of similarity is
obtained by dividing the number of pixels having same binary value in both
the input fingerprint image and the reference fingerprint image by the
number of a11 pixels of the input fingerprint image. 17. The fingerprint
acceptance apparatus according to claim 8 ( wherein the degree of
similarity is obtained by dividing the number of pixels having same binary
value in both the input fingerprint image and the reference fingerprint
image by the number of all pixels of the reference fingerprint image. 18.
The fingerprint acceptance apparatus according to claim 8 , wherein the
degree of similarity is obtained based on a degree of partial similarity
calculated as to a partial image for the input fingerprint image and the
reference fingerprint image. 19. The fingerprint acceptance apparatus
according to claim 8) further comprising: an output device for prompting a
user to re-enter a fingerprint image through the input device when the
determiner   2 7 n~~ o v 2002 27 determines that a previously input
fingerprint image is not acceptable. 20. The fingerprint acceptance
apparatus according to claim 8 ( wherein the memory stores a reference
fingerprint image that was accepted last time. 21. The fingerprint
acceptance apparatus according to claim 8, wherein the memory stores a
plurality of reference fingerprint images that were inputted in the past,
including a previously accepted fingerprint image. 22. The fingerprint
acceptance apparatus according to claim 21 , wherein the similarity
calculator calculates a degree of similarity between the input fingerprint
image and each of the reference fingerprint images wherein, when a11
calculated degrees of similarity are smaller than the predetermined
threshold, the determiner determines that the input fingerprint image is
acceptable. 



23 . A method for accepting a biometric image, comprising the steps of: a)
storing at least one reference biometric image in a memory; b) inputting a
biometric image through an input device;   2 7 N 0 V 200Z 28 c) calculating
a degree of similarity between the input biometric image and a reference
biometric image; and d) determining whether an input biometric image is
acceptable) depending on whether the degree of similarity is smaller than a
predetermined threshold. 24. The method according to claim 23, wherein,
when the degree of similarity is smaller than the predetermined threshold,
it is determined that the input biometric image is acceptable. 25. The
method according to claim 24, wherein, when the degree of similarity is not
smaller than the predetermined threshold, it is determined that the input
biometric image is not acceptable. 26 . The method according to claim 23 ,
wherein the degree of similarity is calculated using an expression
represented by F~1G~/~G where G = {x~ g(x) > T, x E D} where g(x) is an
input biometric image , x is a coordinate vector of a pixel in a
two-dimensional image plane , and D is the whole image plane or a
predetermined part thereof ( F = {x ~ f ( x ) > T ( x E D} ( wherein f ( x
) is a reference biometric image, and ~p~ indicates the area of p or the
number of pixels thereof. 27 . The method according to claim 26 , wherein
the degree  



Z 7 ~ ~ V ~uu~ 29 y of similarity Y ( f , g ) is calculated by an
expression represented by )'~/~f)= f I ~u,~) ~f fix) - T )I (n,~) O fix) -
T )dx _D f I ~n,~> ~~ fix) -T )chc D -~1 Y>0, lmxyY) 0 Y50. 28 . The method
according to claim 23 , wherein the degree of similarity is obtained by
using one of gray-level correlation between the input biometric image and
the reference biometric image and the number of pixels having same binary
value in both the input biometric image and the reference biometric image.
29 . The method according to claim 23 , wherein the degree of similarity is
obtained by dividing the number of pixels having same binary value in both
the input biometric image and the reference biometric image by the number
of a11 pixels of the input biometric image. 30 . The method according to
claim 23 , wherein the degree of similarity is obtained by dividing the
number of pixels having same binary value in both the input biometric image
and the reference biometric image by the number of all pixels of the   2 7
N ov 200Z 30 reference biometric image. 31. The method according to claim
23 ( wherein the degree of similarity is obtained based on a degree of
partial similarity calculated as to a partial image for the input biometric
image and the reference biometric image. 32. The method according to claim
23, further comprising the steps of: 



prompting a user to re-enter a biometric image when it is determined that a
previously input biometric image is not acceptable. 33 . The method
according to claim 23 , wherein the memory stores a reference biometric
image that was accepted last time. 34 . The method according to claim 23 (
wherein the memory stores a plurality of reference biometric images that
were inputted in the past , including a previously accepted biometric
image. 35 . The method according to claim 34 , wherein a degree of
similarity between the input biometric image and each of the reference
biometric images wherein, when a11 calculated degrees of similarity are
smaller than the predetermined threshold, it is determined that the input
biometric image is    2 ? N 0 Y 200 31 acceptable. 36 . A recording medium
storing a program for instructing a computer to perform a biometric image
acceptance method, the program comprising the steps of: a) storing at least
one reference biometric image; b) inputting a biometric image through an
input device; c) calculating a degree of similarity between the input
biometric image and a reference biometric image; and d) determining whether
an input biometric image is acceptable, depending on whether the degree of
similarity is smaller than a predetermined threshold. 37 . The recording
medium according to claim 36 ( wherein, when the degree of similarity is
smaller than the predetermined threshold, it is determined that the input
biometric image is 



acceptable. 38 . The recording medium according to claim 37 , wherein ,
when the degree of similarity is not smaller than the predetermined
threshold, it is determined that the input biometric image is not
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