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The invention relates to a method for producing a
reference image for pattern recognition tasks.

Pattern recognition tasks are becoming increasingly

important. They play a role in conjunction with

industrial robots for highly automated production

tasks, and in particular for automatic identification

of personm=lf The fields of use_ in this case include,
o : comtiok .

inter alia, access meRiLoxing, automatic cash

dispensers and all types of communications equipment.

Suitable personal features for identification include,
for example, the pattern of the blood vessels in the
retina, the structure of the iris, the length and shape
of the fingers, the face, the voice . or else
fingerprints. The options for identifying persod%si.on
the basis of these features are described, for example,
in IEEE Spectrum, February 1994, “It had to be you”.
Fingerprints are in this case probably the  best
researched, and thus most reliable, features. They can
also be determined in a manner which is convenient for
the user while, for example, the pattern of the retina
can be recorded only by using a procedure which is
unpleasant for the person being identified, and which
can thus be used only in those cases in which this
effect is irrelevant, or is even desirable.

As has been verified by careful series of experiments
and statistics, each individual’s fingerprints are
individually specific. Even in cases of identical
twins, the fingerprints are not identical, although
they appear to be very similar. The pattern of the
fingerprints is formed by the so-called papillary lines
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- 10 position and orientation with respect to one another

are established.

The minutiae obtained in this way describe the
fingerprint completely. They are used as the basis for

15 comparing the fingerprint to be identified with stored
reference patterns. '

The hit probability of the recognition process depends
- on the quality of these reference

)
20 patterns.a ; %/W

The invention is therefore based on the object of
specifying a method by means of which high quality
reference patterns can be produced.
25 .
This is achieved according to the invention by a method
for producing a reference image for pattern recognition
tasks, comprising the following method steps:
- a number of at least partially overlapping images
30  of the pattern which is to be recognized is

4

recorded,_

- a symbolic intermediate representation is produced
for each of the recorded'images,

- the symbolic intermediate representations of two

35 images are compared with one another, and the

relative shift and rotation. of the images with
respect to one another are determined,

- transformation is used to make the two
interﬁediate ‘representations coincide in the
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resSpec ofid anhot
intermediate representations are synthes1zed to

form an overall image,

- the overall image is compared with in each case

one further intermediate representation and a
further overall image is produced from this until,

in the end, an overall image is obtained which

comprises all the intermediate representations
with a useable matching level, and which is used
as a reference image.

The probability of the area of the image in question
being contained completely in the “virtual” area of the
reference can thus be made as high as desired.

The quality of the features which are located in
regions of the reference image which have been recorded
more than once are [sic] considerably increased by
averaging.

The invention can be used particularly advantageously
if the pattern to be recognized is a fingerprint.

The process for adding to and improving the reference
image can also be continued in the course of the
recognition processes by adding each recognized
fingerprint - each recognized pattern - to the
reference image, thus increasing the quality of the
reference. Furthermore, in this way, limited changes
such as minor injuries in the area of the fingerprint,
are recorded and taken into account.

The invention will be explained in more detail with
reference to a figure which shows a pattern of a
fingerprint. The dark lines in the image correspond to

- the finger lines or papillary 1lines whose profile
defines the fingerprint. However, the entire pattern is .
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They are used as the basis for 15 conparing the finger .
identified with stored reference pajterns. Th H m"‘ty of
the recognition process depends significantly on t hese

reference 20 patterns. A secondary aspect of quallty Is in this case
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5 recognition process is, in fact, based on the hature
and number of the minutise contained in this print,
such as the finger line ends 1, 2, 4, 5, the points 3,
- 9, the islands 6, the short lines 7 and the forks 8,
5 10, 11.

3 The type, position and orientation of these minutiae
are, on the other hand, relatively ‘insensitive to the
said distortion, and are thus suitable for an automated
recognition process.

15 _ _
In this process, the digitized fingerpriht'image, that
is to say the image which is in the form of gray-level
information relating to individual pixels, is digitized
in a first step, with each pixel being  assigned the
20 level black or white.

Line segments, which are distinguished by optimum
characteristics for further processing, are generated
from the binary image by thinning - line
25 extraction - using a method which is known from the
literature (for example R.W. Zhou et al. Patt. Rec.
Lett. 16(1995)1267-1275) . Digitization and line
extraction are carried out both for the positive image

I3

data and for the inverted image data since, by
30 investigating the inverted image data, the independent
information contained in the spaces in between the

L¢3

finger lines can be used for line synthesis.

Line extraction results in two sets of line data, one
35 of which describes the finger 1lines and the other
describes the spaces in between the finger lines. Owing
to the image recording technique, interference and
special features of the digitization process, such line

data contain plausiblé and artificial line segments,
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The following rules are used to establish the probable
finger lines from the line segments:

- long finger lines are more trustworthy than short
ones, - _

- the trustworthiness of a finger line is increased
by the presence of parallel finger lines at a typical
distance or by the presence of finger line valleys at
half that distance,

- short finger lines, which are at right angles to
long finger lines, lose credibility,

- finger lines whose ends approach one another are
connected to one another.

This establishment process results in a 1list of
features (minutiae) and, for each feature, details of
the type, position, line width, orientation and quality
measure which is determined from the number of rules
used in the establishment process.

The features are classified by means of a neural
network. For this purpose, the value of the individual
pixels - typically approximately 176 -, is applied to
the inputs of a “feed forward neural network”
(“Parallel Distributed Processing”, D. Rumelhart et
al., MIT Press 1986), with the pixels being combined to
form an input vector I for the formal description. The
neural network uses this to calculate an output vector
O over an intermediate layer, with the output vector 5
in the exemplary embodiment comprising five elements,
which cover the five basic types of features in a
fingerprint. These are: “white fork to the right, white
‘fork to the 1left, ridge (line), black fork to the
right, black fork to the left”.

&nd thesEhelirwer.é.felgmérnt& based
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between simple (uninteresting) lines and minutiae.

: 10
z Before this neural network can be used for
classification, it must be trained. This is done using
the ™error back propagation algorithm” (“Parallel
Distributed Processing”, D. Rumelhart et al., MIT Press
15 1986). |

In this case, patterns having a predetermined'

classification are fed into the neural network, which

iteratively learns the relationship between the pattern
20 and the classification.

The neural network which has been trained in this way
forms an output vector for each image detail applied to
it, comprising the values of the five output neurons.

25 The ratio between these values defines the type and the
quality of the original pattern.

If the value of an output neuron is in this case very
high in comparison to the other values, then a very

30 high quality »result has been obtained and the
- corresponding feature was thus clearly associated with

)

/)

the basic type which is defined by this output neuron.
If, however, all the output neurons have approximately
the same value, then it has not been possible for the

35 neural network to assign the original image to any
feature type.

The result of the recognition process is lérgely
independent of the position of the feature in the image
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established directly, since the neural network comes to
virtually the same conclusion for overlapping image
details which admittedly contain the same feature, but
at different points. |

Thus, in order to determine the exact position of a
feature, the results are compared with one another for
assessment of overlapping' image details and the
location of the feature is selected as being the center
of the image detail - whose assessment by the neural
network results in a maximum.

This maximum may 'be determined, £for example, by
counting the results of the neural network to form
surrounding, overlapping image details around the image
detail under consideration. If the sum of the results
in the surrounding area is a maximum in compariéon to
the sums in the surrounding area of the adjacent image
details, then the center of this image_.detail is

defined as the ¢leax position of the feature.
. azcéﬁaﬁz

ﬂwwgaémnul
As an alternative to this, it is also possible to use
the quality of the results from adjacent overlapping
image details to determine the exact position of
features.

These quality results are regarded as a scalar field,
and a global' maximum is established. The location of
the maximum is defined as the position of the feature.

The results from the neural network, that is to say the
confirmed minutiae, are compared with feature lists for
known fingerprints, so-called candidates.

To this end, connecting vectors are formed between the
minutiae of the fingerprint to be identified, that is

Fipgécpidde in

an
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the trace in the same way: all the connecting vectors

which do not end within the associated tolerance band

on one of the candidate minutiae are rejected.

- '10 The remaining connecting vectors are entered in a two-
dimensional vector space for assessment of the match
between the two prints, with each connecting vector
being represented as -a point with 1length and
orientation coordinates.

15 _
Similaf connecting vectors thus result in accumulation
of points at the appropriate location in this vector
space, forming a so-called cluster.

20 If a pronounced cluster can be found, then the trace
and the candidate can be regarded as being'similar.

The gquality of the similarity between the two
fingerprints is in this case described by the sum total

25 of the connecting wvectors, their ratio to the maximum
possible number, the number of connecting vectors
located outside the cluster, and the density of the
minutiae recorded. '

30 Thus, two fingerprints are, for example, regarded as
being similar or as having a high probability of being
a match, if connecting vectors exist for at least 75%
of the minutiae and if at least 80% of these minutiae
lie within a predetermined tolerance band in the said
35 vwvector space.

L

If, on the other hand, connecting veétors have been
determined for only a small proportion of the minutiae
since no identical minutiae for the candidate have been
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vector space.

Depending on the application, a 1list of the best
. matching candidates (for example in the criminology
s 10 field) or else - if it exists - an individual match
& (for example for access monitoring 5ystems) is output.

That candidate which has the best ratio of identical
vectors to minutiae is then 'defined as the matching

15 fingerprint. However, this is only the case if the
result for this candidate differs significantly from
the results for the other candidates.

An essential precondition for a successful recognition
20 process is in this case a high-quality reference image
(candidate) .

This reference image is_bbtained using the same methods
as the fingerprint to be identified, and it is also

25 wused as the basis for a feature list which describes -
the fingerprint.

If possible, the reference image should cover the'
entire fingerprint and should therefore include all the
30 features which are relevant for the recognition

9 og

process. However, this is not the case when using

wee

commercially ' available fingerprint sensors with a
comparatively small sensor area, unless the finger is
placed exactly centrally on the sensor during the
35 initialization process. The effective sensor area is

thus reduced, and the recognition process made more
difficult.
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According to the invention, a number of partially
overlapping images are now joined together to form a
reference image which covers a larger area than the
sensor area. This results in the following advantages:

The probability that the area of the image in question
is included completely in the ™“virtual” area of the
reference can thus be made as high as desired..

The quality of the features which are located in
regions of the reference image that are recorded more
than once is considerably increased by averaging.

The method presupposes that symbolic line information
can be obtained in a stable and reproducible manner
from the images. This is the case, for example, when
the images relate to plan drawihgs, fingerprints or the
outlines of machine parts.

During the synthesis process of two overlapping images
to form a new referenee image, symbolic intermediate
representations of the images are first of all produced
in a known manner - by digitization and establishment
of probable lines or forms.

After this, the relative position displacement and
rotation of the images with respect to one another are
established and are compensated for by  appropriate
transformation of one of the images.

The gquality of the match between the intermediate
representations is then assessed as follows:
corresponding pairs of points are looked for on the
basis of pronounced points on the lines“(branch points

t he
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- one of the two curves reaches the edge of the

0

10 image

é - no point B which is within a predefined limit away
from the point A can be found with respect to a
point A on a line within half the step width on
the corresponding curve (image 2).

15 ‘
The overall length of the curve segments, which have
thus been made to coincide, is regarded as é measure of
the match between the two symbolic representations.

- 20 If the measure of the match exceeds a predetermined
value, the two representations are joined to form an
overall image, which are compared in the described
manner with further intermediate representations, and
are joined together to form further overall images.

25
The process for adding to and improving the reference
image can also be continued in the course of the
recognition ©processes by adding each recognized
fingerprint - each recognized pattern - to the

L

30 reference image, thus increasing the quality of the
reference. Furthermore, limited changes, such as minor

(83

injuries in the area of the fingerprint, are in this
way recorded and taken into account.

35 A synthetic reference, which overcomes the area
limitation of the original reference, can be produced
from a number of images which have been recognized on
the basis of this criterion in the reference image.
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10 distancé-or HBy MfF IPnerﬁﬁqr &y image for

pattern recognltlon tasks, comprising the

5 following method steps:

- a number of at least partially overlapping images
of a pattern which is to be recognized is
recorded,

- a symbolic intermediate representation is produced :

B

10 - for each of the recorded images [illegible],

uj

u
I

the symbolic intermediate representations of two

images are compared with one another, and the

relative shift and rotation of the images with
respect to one another are determined,

15 - transformation is used to make the two
intermediate representations coincide in the
overlapping area and to determine the quality of
the match,

-  if the quality of the match is adequate, the two

20 intermediate representations are synthesized to

- form an overall image,
- the overall image is compared with in each case
one further intermediate representation and a
further overall image is produced from this until,

25 " in the end, an overall image is obtained which

comprises all the intermediate representations

with a useable matching level, and which is used
as a reference image.

4 X

)

= 30 2. The method as claimed in claim 1, characterized in

E that the pattern to be recognized is a
' fingerprint.

'3. The method as claimed in claim 1, characterized in

35 that the reference image is at least partially

produced in the <course of the recognition
processes.
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in this way The fbnmsnaﬁoﬂutfﬁﬁawé§tq&,fgr ﬁ@%ﬂoh”aﬁsrd9§§$&u898&'ed to
I f .the fiye output neurons.
it, CO”p%!S'PQfLPSnXé ¥5348" ror pa%%ern recognition tasks.

Pattern recognition tasks are becoming increasingly
= important. They play a role in conjunction with
i ihdustrial robots for highly automated production -
< 10 tasks, and in particular for automatic identification
of personaei The fields of 5§e in this case lnclude,
inter alia, access meRitoring, automatic cash / cuzéZf

dispensers and all types of communications equipment.

15 Suitable personal features for identification include,
for example, the pattern of the blood vessels in the
retina, the structure of the iris, the length and shape
of the fingers, the face, the voice or else
fingerprints. The options for identifying persoﬁ%ei on§7?/4uu¢Zi

20 the basis of these features are described, for example,
in IEEE Spectrum, February 1994, “It had to be you”. -
Fingerprints are in this case probably the best
researéhed, and thus most reliable, features. They can
also be determined in a manner which is convenient for

25 the user while, for example, the pattern of the retina

' can be recorded only by using a procedure which is
unpleasant for the person being 1dent1f1ed and which
can thus be used only in those cases in whlch this
effect is irrelevant, or is even desirable.

= 30 |

< As has been verified by careful series of experiments

- and statistics, each individual’s fingerprints are
individually specific. Even in cases of identical
twins, the fingerprints are ~not identical, although

35 they appear to be very similar. The pattern of the
fingerprints is formed by the so-called papillary lines
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25 "The ratio between these values defines the type and the quality of
*the original pattern. | f the value of an output neuron is in this

case very hi | n.conparison to the other val ues; then I 0 high
qual ity regﬁﬁ:éghggb een obtained and the corr§§p8ﬁ3¥§&%9 ature
was thus clearly associated w.th - the-basic type which is defined by

t hi s out put neuron. | f, however, all the output neurons have
approxi mat elor riddde waibeh vatecprodiecedt bhathaoinbeehopiingbld ftero t he 35
neural netwark _ 10 Aassj the original imge to any feature type.
May 29 2000 Lavers Of Sk | DE 009901303 -
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In this case, the so-called minutiae are primarily of

5 interest for the identification process, these being

end points, branches, islands or other singularities.

The fingerprint to be identified is thus investigated

= to determine which minutiae it has, the minutiae which
have been determined are allocated to a type, and their

= 10 position and orientation with 'respect to one another

' are established.

The minutiae obtained in this way describe the
fingerprint completely. They are used as the basis for

15 comparing the fingerprint to be identified with stored
reference patterns.

The hit probability of the recognition process depends

abeeéuteéy;::;%;e&y on the quality of these reference
nL eau% -
20 patterns. )7fa;77 éﬁi | | |

-

A secondary aspect of Quality is in this case the size
of the reference image.

25 In order to produce a reference image which is as large
as possible, it is known from US 4 933 976 A for a
sequence of overlapping individual images to be
recorded from a finger while it is being rolled over a
conventional prismatic arrangement, and for these

1

30 individual images then to be Jjoined together for a

larger overall image. In this method, it is assumed
= .~ that the individual images have only been linearly
. displaced with respect to one another, and not rotated.

35 According to WO 98 02844 A, the compilation of a
mosaic-like image from individual images is known for
general imdge processing applications.
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The'result of the recognition process is largely | ndependent of the
‘position of the feature I n the i mage det ai | under consi derati on.
Thi s |ntr|n5|c | | advant ageous characteristic of _peyral rks
means, 5 hoM&v % 0t he position of a feature cannotheHngoggbgglished
directly, S|nce the neural network Gores-to virtually the sane

concl usion for overlapping inage details which admttedly contain the
sane feature, but at different points. 10 Thus, in order to
determne t f r ar ed

wi th one anot fﬁsegefbﬂaggég%ﬁ%% g@%$|§%%&9€ 6¥H%§%E§%§}ﬁgg%d t he
Locapion ofmﬂuhdd%uhwe msaselegﬁedthQhﬂrﬁﬂgme qualety15re6ﬁrpn@e i mage
detail %% taeigf‘s%%w bRY (Pf@d\!k?é’di aleo  £oPR! Wiikgd$S Hrich | hhd cRBXi mum

ma

Thi s maxi nmu det erm ne for exanple, by counting.the results of
t he neural Liq ¥Qﬁrﬁ9¥ﬂaE&R?dﬁﬁW|hﬁ °BG§+P§$p%ﬁg i FhgRLlgeeRd s
around the|ﬁayxbduc1bkﬁzmann§ukn consideration. |If the sumof the results

[}

This is achieved according to the invention by a method
for producing a reference image for pattern recognition
= 10 tasks, comprising the following method steps:

- a number of at least partially overlapping imageé
of the pattern which is to be recognized is
recorded,

- a symbolic intermediate representation is produced

15 for each of the .recorded images,

- the symbolic intermediate representations of two
images are compared with one another, and the
relative shift and rotation of the images with
respect to one another are determined,

20 - transformation is used to make the two
intermediate representations <coincide in the
overlapping area and to determine the quality of
the match,

- if the quality of the match is adequate, the two

25 intermediate representations are synthesized to
form an overall image,

- the overall'image is compared with in each case
one further intermediate representation and a
further overall image is produced from this until,

= 30 in the end, an overall image is obtained which
comprises all the intermediate representatiohs

as

with a useable matching level, and which is used
as a reference image.

35 The probability of the area of the image in question
being contained completely in the “virtual” area of the
reference can thus be made as high as desired.

AMENDED SHEET



in the surrounding area is a nmaxi numin conparison to the sunms in the
“surroundi ng area of the adjacent inage details, then the center of this

i mage detail,is i ned as the position of the feature an
alternative&ﬁytéﬁigdﬁq is al so possible o use t he ggaPPP9°&P°?ﬁe
results from adjacent overlapping - 4mage details to determ ne the exact

position of 30 features. These quality results are regarded as a
scal ar field, and a gl obal maximumis established. The |ocation of

the maxi mumqgpy, defyid1edas dihe giRsi it uled NGHiRA Une 330cated in.
regions of the reference image which have been recorded
more than once are [sic] considerably increased by

5 averaging. |

The invention can be used particularly advantageously
= if the pattern to be recognized is a fingerprint.

< 10 The process for adding to and improving the reference
image can also be continued in the course of the
recognition processes by adding each recognized
fingerprint - each recognized pattern - to the
reference image, thus increasing the quality of the
15 reference. Furthermore, in this way, limited changes
such as minor injuries in the area of the fingerprint,

are recorded and taken into account.

The invention will be explained in more detail with
20 reference to the figures, in which, by way of example:

Figure 1 shows a pattern of a fingerprint,
Figure 2 shows a basic illustration of the synthesis
process,

25 Figure 3 shows an illustration relating to the
assessment of the quality of the match between the
intermediate representations, and
Figure 4 shows an illustration relating to the
synthesis of an overall image.

The dark lines in the image in Figure 1 correspond to

= the finger 1lines or papillary 1lines whose profile
defines the fingerprint. However, the entire pattern is

not used for automatic classification of a fingerprint,

35 since distortion can occur in this overview pattern as

a result of ‘the recording technique, the recording

pressure and aging of the person in question. The
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- 9- The results fronlthe neural network, that i? to say the

confirmed m conpared with feature lists for

fingerprints@ 0- ca candi dat es. 5 To this end, connec?#gg&£%8§ors are
formed between the m nutiae of theSfingerprint to be identified, that
i's to say the trace in criminal-investigation specialists j argon,
and the i dentPEQENAtAGN RreFeIheisandiniafact, hasasbconvdihe batwuge

consi der ed. anahehu@sér ot {:Hés%ﬂrﬂnﬁweEbhEQMQSt oA ttmfshearfﬁestra' ned
by a tol erance | aced around each o t e mnutiae of

i-ch i
the trace i nSBRE &sné %ﬁngwhﬂ?rt 2 ofRest tng2vedro ﬁy t e \RRERER03not end
wi thin the a9soditat eflslahds abge thmndshort oniaee of ahe enedifiaties MBputi ae
are rejecd edqnls The renmai ni ng connecting vectors are entered in a two-
di nensi onal veétor “space for assessnent of the nmatch bet ween the two
prints, with each connecting vector

The type, position and orientation of these minutiae
< are, on the other hand, relatively insensitive'to the

said distortion, and are thus suitable for an automated
= 10 recognition process. '

In this process, the digitized fingerprint image, - that
is to say the image which is in the form of gray-level
information relating to individual pixels, is digitized

15 in a first step, with each pixel being assigned the
level black or white.

Line segments, which are distinguished by obtimum
characteristics for further processing, are generated

20 from the binary image by thinning - line
extraction - using a method which is known from the
literature (for example R.W. Zhou et al. Patt. Reé.
Lett. 16(1995)1267-1275). Digitization and line
extraction are carried out both for the positive image

25 data and for the inverted image data since, by
investigating the inverted image data, the independent
information contained in the spaces in between 'the
finger lines can be used for line synthesis.

= 30 Line extraction results in two sets of line data, one
of which describes the finger lines and the other
describes the spaces in between the finger lines. Owing

4

to the image recording technique, interference and.
special features of the digitization process, such line
35 data contain plausible and artificial line segments,
that is to say line segments produced by the
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being. represented as a point wth | engt h and 20 orientation

- coor di nat es. Simlar connecting vectors thus result in accunulation
of points at, th riate location in this vector . n1ng a
so-cal l ed cl ?rg"‘ %H I f a pronounced cluster can bga}?@@%‘éo n t he
trace and the candi date can be regar<ded as being simlar. The

quality of the simlarity between the two 30 fingerprints is in this
case descri taé:t:bxtqmetmeimaﬂt oeshod suépshe aGUhnébe'Sﬁg Ve osegmediss ratio

to the maxi %ﬁ{ qﬁmggl ctors
| ocat ed outgalie?%e%uster an 1ﬂuégc]leznsmy o% trﬁ %lﬁe recor ded.

35 Thus, two flngerprlnts are, for exanple, regarded as bei ng
sinmilar or agmdapshboriRgIbubksbabie ifsedftdetsgablish the probable

5 finger lines from the line segments:
- long finger lines are more trustworthy than short
ones,
- - the trustworthiness of a finger line is increased
by the presence of parallel finger lines at a typical
= 10 distance or by the presencé of finger line valleys at
half that distance,
- short finger lines, which are at right angles to
long finger lines, lose.credibility,
- finger lines whose. ends approach one another are
15 connected to one another.

This establishment process results in a 1list of
features {(minutiae) and, for each feature, details of
the type, position, line width, orientation and quality

20 measure which is determined from the number of rules
used in the establishment process.

The features are classified by means of a neural

network. For this purpose, the wvalue of the individual

25 pixels - typically approximately 176 -, is applied to

the inputs of a “feed forward neural network”

(“*Parallel Distributed Processing”, D. Rumelhart et

al., MIT Press 1986), with the pixels being combined to

form an input vector I for the formal description. The

¢ 30 neural network uses this to calculate an output vector

‘0 over an intermediate layer, with the out?ut vector 5

in the exemplary embodiment comprising five elements,

which cover the five basic types of features in a

fingerprint. These are: “white fork to the right, white

35 fork to the 1left, ridge (line), black fork to the
right, black fork to the left”.
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the mnutiae
pr edet er m ne
ot her hand,
proportion o

DE 009901303
a match, if connecting vectors exist for at |east 75%

d,ipf | east 80% of these m nuti ae lie within a
ggpoﬁgrgﬁgg band in the said vect or spack® §699°1§9?

of

on the

connecting vectors have be8n- determned for only a snal

f the m nuti ae since no identical m.nutiae for the

candi dat e haV@hé§§nf°rkft@n§hﬂdﬂmghﬁfmmrésﬁeCHd35qrﬂhesk%fﬁﬂtnﬁﬂg
tol erance 10o£bails, sphbes 1% B EResX i Ehe- fgi[}ir%é aEEng%e%ﬂ#&”g%(%??h

occurs if, although cannecting vectors are f { )
them have HFFRiLENPE tBfgEFIengation.qoMBdack ifork tamdchenusi ghit not

any clusters
5

15

20

25

leBt” coyeebpobn8Bae€s. branching of the finger line.

A ridge (line) does not describe a feature, but leads
to the network having an increased recognition quality
since this improves the capability to distinguish
between simple (unintéresting) lines and minutiae.

Before this neural network can be used for

classification, it must be trained. This is done using

the “error back propagation algorithm” (“Parallel
Distributed Processing”, D. Rumelhart et al., MIT Press
1986).

In this case, patterns having a predetermined
classification are fed into the neural network, which
iteratively learns the relationship between the pattern
and the classification.

The neural network which has been trained in this way
forms an output vector for each image detail applied to
it, comprising the values of the five output neurons.
The ratio between these values defines the type and the
quality of the original pattern.

If the value of an output neuron.is in this case very
high in comparison to the other values, then a very
high quality result has been obtained and the
corresponding feature was thus clearly associated with
the basic type which is defined by this output neuron.

" If, however, all the output neurons have approximately

35

the same value, then it has not been possible for the
neural network to assign the original image to any
feature type.
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A5 ° . Depending on the application, a |list of the best mat chi ng

*candi dates (for exanple in the crimnol ogy field) or else - if it

exi sts - an_jndi mat ch . (for exanple for acces ' '

syst ens) isM%§t§§t§%®® That candi date which has theﬁgggpbbgé?ggof

I denti cal vectors to mnutiae is tthen defined as the matching
fingerprint. However, this is only the case if the result for this
candi date dmhberxeﬁqﬁﬁfiqﬁnnﬁhefrxﬂwdﬂhitimnreBn¢¢35$ori$helerge1Y

candi dates. j ﬁen@an%swtmh ﬁ&&ﬂﬂité?”tﬁé’rf@aﬁﬁ'féeﬁfEherﬁﬁﬁg@'t'0”
process is. |n thi.s case_a hi alit erence | nage candi ate) 30

Thi s ref er eRé&aidage ?%d%ﬁtalﬁeésagﬁﬁ@tﬂﬁ§ sané”ﬁbﬁhodéntrlnﬁécﬁﬁ Y
fingerprint adeatadgé@ns f tRdraebdristis a§0neurayse¢aa>ﬁ1&he hashs,for a

feature J1s{ W Gegqrbegy,  ob0E. (LROLET 1

fe;%ure cannot be
established directly, since the neural network comes to
virtually the same conclusion for overlapping image
- details which admittedly contain the same feature, but

at different points.

Thus, in order to determine the exact position of a
feature, the results are compared with one another for
assessment of overlapping image details and the
location of the feature is selected as being the center

15 of the image detail whose assessment by the neural
network results in a maximum.

This maximum may be determined, for example, by
counting the results of the neural network to form

20 surrounding, overlapping image details around the image
detail under consideration. If the sum of the results
in the surrounding area is a maximum in comparison to
the sums in the surrounding area of the adjacent image
details, then the center of this image detail is

25 defined as the &lear position of the feature. 7., ;5?

As an alternative to this, it is also possible “to use

the quality of the results from adjacent overlapping

image details to determine the exact position of
¢ 30 features.

These quality results are regarded as a scalar field,

and a global maximum is established. The 1location of

the maximum is defined as the position of the feature.
35
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I1f possible, the reference inmage should cover the entire fingerprint
and should therefore include all the AVENDED SHEET
May 29 2000 DE 009901303

- 11 - %ﬁﬁn%ﬂeép%&nch are relevant for the recogn|t|0809901€$5%ess.
However, this is not the case when usi%hg- commercially avail abl e
fingerprint sensors with a conparatively small sensor .area, unless the
finger is 5 Mleacssukestfyommethe ahéyrah nebwarksothdtr isgtohsay the

i tial i zat i ogh Q69 Sy 6 £4] CoEE VEORERPOE BLER kBature! NUSteedyzed, and
t he recognition process nade nore ficul
known fingerprints, so—called candldates.

5 To. this end, connecting vectors are formed between the
minutiae of the fingerprint to be identified, that is
to say the trace in criminal-investigation specialists

- ' ~jargon, and the identical minutiae in the candidate
| respectively being considered. The set of these
= 10 connecting vectors is then constrained by a tolerance
band, which is placed arocund each of the minutiae of:
the trace in the same way: all the connecting vectors -
which do not end within the associated tolerance band
on one of the candidate minutiae are rejected.
15
The remaining connecting vectors are entered in a two-
dimensional vector space for assessment of the match
between the two prints, with  each cpnnécting vector
being represented as a point with length and
20 orientation coordinates.

Similar connecting vectors thus result in accumulation
of points at the appropriate location in this wvector
space, forming a so-called cluster.

25
If a pronounced cluster can be found, then the trace
and the candidate can be regarded as being similar.

The quality of the similarity between the two
< 30 fingerprints is in this case described by the sum total

of the connecting vectors, their ratio to the maximum
- possible number, the number of connecting vectors

located outside the cluster, and the density of the

minutiae recorded.

35
Thus, two fingerprints are, for example, regarded as
being similar or as having a high probability of being
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.10 Thus, in known nethods, that area of a reference inage whi ch can be
evaluated is determned and, if this is smal l er than a predeternined
val ue, the i consi der ed. 15 According pgt

i nventi on, W%ﬁ%‘?@ of partially over |l appi ng i rrages gare no

j oi ned together to forma ref erend® i-mage G which covers a Iarger area
than the - sensor area. This results in the follow ng advantages: 20
The probabi |3 tpatabe tife esrweqﬁmquﬁge& gxdgéstiygn at lpasitnclaked

conpletely idethRe" Wlhh‘ﬁfil %rﬁﬁ Pf hbe leastr gy evEethdBe! Mg dmde as

hi gh as desired. I|t ﬁeatures whi ch, are | ocated in 25
regi ons of th’eerEFEPéﬁcé‘ |Pl’é e*@ rE° BEBRGEd AR in thE, S eis
consi der abl yyé e £asscdy averaglng.

5

If, on the other hand, connecting vectors have been
determined for only a small proportion of the minutiae

- since no identical minutiae for the candidate have been
found within the respectively predetermined tolerance

= 10 bands, then no match exists. This lack of any match
also occurs if, although connecting vectors are found,
the majority of them have different lengths or
orientations, and thus do not form any clusters in
vector space. '

15
Depending on the application, a list of the best
matching candidates (for example in the criminology
field) or else - if it exists - an individual match
(for example for access monitoring systems) is output.
20

That candidate which has the best ratio of identical

vectors to minutiae is then defined as the matching

fingerprint. However, this is only the case if the

result for this candidate differs significantly from
25 the results for the other candidates.

An essential precondition for a successful recognition
process is in this case a high-quality reference image
(candidate) .

= 30
This reference image is obtained using the same'methods
= as the fingerprint to be identified, and it is also
used as the basis for a feature list which describes
the fingerprint.
35

If possible, the reference image should cover the
entire fingerprint and should therefore include all the

AMENDED SHEET



.The' net hod presupposes that synbolic line information Kla, Klb, K2a,
* K2b, LA, LB can be obtained in a stable 30 and reproduci bl e manner fromthe

i mages. Thi case, for exanple, when the inagegs I 0 plan
Hal a,;ztgh% 00 B85 0b9bBY3ok0 P!

drawings, fingerprints or the outlines of machine part
the synthesis process of two overl appilhg=-i mages B to form a new
reference ~ image G synbolic i nternmedi ate representations of the

i mges are fieadtunsgs which amgy 2vebevant for the recognition DE
009901303 process. However, this -i32 not thél lcad¥eddygRe | isdnignown
manner - by dh%ltlzatlon and , . )
ercially available fingerprint sensors with a
comparatively small sensor area, unless the finger is
5 placed exactly centrally on the sensor during the
initialization process. The effective sensor area is
thus reduced, and the recognition process made more

< difficult.

z 10 Thus, in known methods, that area of a reference image
which can be evaluated is determined and, if this is
smaller than a predetermined value, the image is not
considered.

15 Acéording to the invention, a number of partially
overlapping images B are now joined together to form a
reference image G which covers a larger area than the

sensor area. This results in the following advantages:

20 The probability that the area of the image in question
is included completely in the “virtual” area of the
reference can thus be made as high as desired.

The quality of the features which are located in
25 regions of the reference image G that are recorded more
than once is considerably increased by averaging.

The method presupposes that symbolic line information
Kla, Klb,'KZa, K2b, LA, LB can be obfained in a stable
. 30 and reproducible manner from the images. This is the
case, for example, when the 1images relate to plan
- - drawings, fingerprints or the outlines of machine
parts.

35 During the synthesis process of two overlapping images
B to form a new reference image G, symbolic
intermediate representations of the images are first of
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.establ-i shment of probable lines or forns. After this, the relative
- position displacenent and 5 rotation of the images with respect to one

anot her arey,y Bptafdd shed and are conpensated for by gpppHepLipdiz®3

transformation of one of the inages. - The quality of the match between
the intermediate 10 representations &4 rhen assessed as foI | ows:
correspondi ng pairs-of points are | ooked for on_th I s of pronounced
poi nt's ontféi%lﬁég dpgednch pgi nfReWn  mapResng B&rﬂ%ﬁlﬁiﬁﬁﬁF?% R t wo
represent at ie¥tsablishmeatt esh bbb airMiaseKlor afwkrmielb, and K2a and K2b 15
whi ch originate fromthese points AP, are traced with the sane step
width in both representations until one . of the following criteriais

satisfied: After- thishe thel peilatsiveEPpositilpm hdisplesememte anshched 20

wi thin agtol gfaNCe\M HHOYhe images with respect to one another are
established and are compensated for by appropriate
transformation of one of the images.

The quality of the match between the intermediate
: 10 representations is then assessed as follows:

corresponding pairs of points are looked for on the
basis of pronounced points on the lines (branch points
and end points) found in the two representations.
Corresponding curves Kla and Klb, and K2a and K2b,

.15 which originate from these points AP, are traced with
the same step width in both representations until one
of the following criteria is satisfied:

- the end points EP of both curves are reached
20 within a tolerance window
- one of the two curves reaches the edge of the
image '
- no point which is within a predefined limit away
from the first point can be found with respect to
25 a first point on a line Kla, K2a within half the
step width on the corresponding curve Klb, K2b
(Figure 3).

The overall length of the curve segments Kla and Klb,
- 30 and K2a and K2b, which have thus been made to coincide,

is regarded as a measure of the match between the . two
= symbolic representations.

If the measure of the match exceeds a predetermined
35 value, the two representations BA, BB, LA, LB are
joined to form an overall image SL, which are compared.
in the described manner with further intermediate
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.- ‘~one of the two curves reaches the edge of the I mage -
“no point which is within a predefined Iimt away fromthe first

point can b ouyRd ,Wintnh respect to 25 a first poi Kla,
K2a within ﬁg&f léltghgwIoto step width on the correspoﬁ%lﬁg gurh\b/ggKlb K2b

(Figure 3). The overall length B3 the curve segnents Kla and Kilb, 30
and K2a and K2b, which have thus been made to coincide, i's regarded -as
a neasure ofrephiesentealiossweerpnithe a7® J°1§?ﬁbolt1°@q43é19rrese¢ﬁat fer®.

I'f the neasyge+Bbrt BYMRNAN igueReds a predetermined 35 value, the two
representations BA, BB, LA L are joined to forman overall imge
SL, which are conpared in the described manner with further

i nt ermedi at @he process for adding to and improving the reference

5 image can also be continued in the course of the
recognition processes by adding each recognized
fingerprint - each recognized pattern - to the

s reference image, thus increasing the quality of the
reference. Eurthermore, limited changes, such as minor

z 10 injuries in the area of the fingerprint, are in this
way recorded and taken into account. | '

A synthetic reference G, which overcomes the area
limitation of the original reference, can be produced

15 from a number of images B which have been recognized on
the basis of this criterion in the reference image.
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- - 13 - representati ons, and are joined together to form

further oveh%&Lgéga%géh A so The process for adding toDengobgB;gM?ng t he

reference 5 be continued _in the cCourse o he
recognition processes by addi ng- léaeh recognized fingerprint -

?ﬁgreas{ﬁgow e[ Re- to r ef te?gnce. ml’m"wmumwn Eggschanges,

such as minor 10 injuries in the area of the'fifgefprlnt®, *are in this

way recorded and_taken i.nto _account. . A synthetic reference G which
overcones t e ar & methody £2Fi oRTBAUCABIor Rgi RGFEFEPERentBaIBANERE
produced pattern recognition tasks, comprising the

5 - following method steps:

- a number of at least partially overlapping images
(B of a pattern which is to be recognized is
: : recorded,
| - a symbolic intermediate represéntation is produced
z 10 for each of the recorded images by digitization
and establishing probable lines or shapes,

S - the symbolic intermediate representations of two
images (B) are compared with one another, and the
relative shift and rotation of the images with

15 : respect to one another are determined,

- transformation is used to make the two
intermediate representations coincide in the
overlapping area and to determine the quality of
the match,

20 - if the guality of the match is adegquate, the two
intermediate representations are synthesized to
form an overall image (G),

- the overall image is compared with in each case

one further intermediate representation and a

25 further overall image is produced from this until,
in the end, an overall image is obtained which
comprises all the intermediate representations
with a useable matching level, and which is used
as a reference image.

- 30
2. The method as claimed in claim 1, characterized in
- that the ©pattern to be recognized is a
fingerprint.
35 3. The method as claimed in claim 1, characterized in

that the reference image is at least partially
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15 * from a nunber of. i mages B whi gnl zed on t he basis
-of this criterion in the referenc! II MI nmlll I\/ay 29 2000
DE 00990130§% ay 2 ro 000 - * tenfe 9RIdFL303 1.

A et hod ucing a ref er ence |mage for pattern
recognition tasks conprising —tRlé 5 foll ow ng nethod steps:

- a nunber of at Ieast parti al Ig over | appi ng i nages (B) of a
pattern which is pxodiecedcodm zetthes couxssrded, the xnecpgnidiian
intermedi ate represeadg@séon is produced 10 for each of the recorded

i mages by digitization
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.and establishing probable Iines or shapes, - the synbolic

“internmedi ate representations of two i mges (B) are conpared with
one anot her, and the - relative,ghift and rotation of the inmages
with 15 respect to one another are determ ned, - transformation
is used aRtra@ke the two internediate representations
coi nci de I the overl.apping area and to determne the quality
of . the match, 20 - if the quality of the match is adequate,

]Ehe t wo A eretﬁ_Meige;ﬁpaicﬁ' Fiegr esmh tptbdaleliage asyré feseres ﬁ.(;mage ]
orm an over, I G FPp e _overall, imge IS co red.wth in
each case £or pg%ggggfuF?ﬁ%?n%ﬁfgéné%?%¥%’réﬁ?e&gﬁféti8ﬁggiap§lgg
further dvedadiviidhgd | smagsduced e r comblineduntiol , form an pwerhdlend, an
overal | i mageags,ORAIdER IR as 3 ref d Segmqdl the internediate

' abl

representations wth a use e matching [ evel, and which is used
as a reference i nage. 30 2. The nethod as clained in claim1,

characteri zqthus) the size tdBtrefdfenddtimides, tWhib8 unteLogBlvzeds is a
- been governed by the sensor area, for fingerprints; for

10 example, can be increased, and the recognition rate can
- thus be improved.



_Pinderprint. 35 3. The nethod as clainmed in claim1, characterized in

that the reference inage is at |east partially May 29 2000.
DE 009901303 - 1942 produced in the course
of the recognition processes. ' -
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