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Description

CROSS-REFERENCE TO RELATED APPLIATIONS
Not Applicable

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to cat-
egorizing and matching complex images or patterns,
such as fingerprint patterns. In particular, the present
invention relates to automatically placing such patterns
into predetermined categories for use in matching and
identifying the patterns.

[0002] The present invention is particularly useful to
automatically classify fingerprint patterns into catego-
ries to aid in matching such fingerprint patterns. The
present invention is discussed herein in the context of
a device and method for analyzing fingerprint images.
However, those familiar with image processing will rec-
ognize that the invention may be applied to analyzing
any image.

[0003] A fingerprint pattern is the pattern of ridges at
the tip of a person's fingers. Each fingerprint is unique.
No two individuals have the same fingerprints. There-
fore, fingerprints may be used to identify particular indi-
viduals by matching fingerprint patterns.

[0004] For example, one use of fingerprint matching
is to verify the identity of an individual, such as when
granting access to a controlled building or area. The in-
dividual's fingerprint patterns may be compared against
a stored set of fingerprint patterns to verify that the per-
son seeking access is actually the person for whom ac-
cess has been authorized.

[0005] Another use for fingerprint pattern matching is
to establish the likely identity of a person who has a par-
ticular fingerprint pattern. This use is often employed in
criminal investigations. Contact between a person's fin-
gers and an object may leave a replica of the person's
fingerprint pattern on the surface of the object. If a fin-
gerprint pattern found on an object can be matched with
a fingerprint pattern of a known individual, then it is vir-
tually certain that individual touched the object on which
the fingerprint pattern was found.

[0006] Thus, when a fingerprint pattern is detected at
a location of a crime, the police often want to establish
the identity of the person possessing that fingerprint pat-
tern. However, establishing that identity requires com-
paring the unknown fingerprint with the fingerprints that
are already stored on file.

[0007] That comparison process is extremely com-
plex and time consuming. There may be a significant
number of individuals whose fingerprint patterns are on
file. In addition, each finger has its own fingerprint pat-
tern. Therefore, comparing a particular fingerprint pat-
tern with a stored collection of fingerprint patterns may
require comparing the unknown fingerprint pattern with
up to ten fingerprints in each of potentially millions of

10

15

20

25

30

35

40

45

50

55

stored records.

[0008] Because of the value in establishing the iden-
tity of a person with a particular fingerprint pattern, and
the complexity of the comparison process, various tech-
niques have been developed to attempt to simplify the
comparison process.

[0009] The earliest simplification was to establish
three categories of fingerprint patterns. Each fingerprint
pattern can be classified into one of these categories.
These categories are based on the appearance of the
fingerprint pattern. They are the loop category, the whorl
category, and the arch category. Using such categories,
the search for an individual possessing a particular fin-
gerprint pattern is somewhat simplified. If the unknown
fingerprint pattern is of a whorl type, then only the whorl
patterns on file need to be compared. However, with on-
ly three categories, there still may be millions of finger-
print patterns on file (reference patterns) to compare
with the unknown pattern. This categorization technique
remains widely used.

[0010] Several techniques for automating the process
of comparing fingerprint patterns have been developed.
Current techniques compare the fingerprint images di-
rectly. Some techniques compare specific features of
the fingerprint patterns, such as the minutiae. A finger-
print comprises a pattern of ridges and valleys, and mi-
nutiae. Minutiae are the points at the end of the ridges.
[0011] One technique for comparing the fingerprint
pattern minutiae compares the locations of the minutiae
in the X-Y plane of the fingerprint pattern. While this
technique is straightforward, a disadvantage of this
technique is that the unknown print and the reference
print must be carefully aligned for proper comparison.
Such alignment may be particularly difficult if the un-
known print is only a portion of the complete fingerprint
pattern. In addition, this technique is susceptible to er-
rors if the fingerprints being compared were taken under
different circumstances. Consider the circumstance
when two fingerprint images made by the same finger
are being compared. If greater pressure was applied to
the finger when making one print than when making the
other, the minutiae may be in different places, and the
relationship among the minutiae may differ. The minuti-
ae may be spread farther apart in the fingerprint pattern
made using greater pressure. Finally, this technique re-
quires that the reference fingerprint image and the un-
known fingerprint image be identical in size.

[0012] Another technique for comparing minutiae pat-
terns is to compare the relative angles of the ridges as-
sociated with the minutiae. This technique lessens er-
rors due to X-Y displacement. However, this technique
is rotationally sensitive. Because an unknown finger-
print pattern may be only a partial print, the rotational
orientation of the fingerprint pattern may be uncertain.
In addition, this technique may be sensitive to changes
in minutiae orientation that may arise when the finger-
prints being compared were taken under different cir-
cumstances.
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[0013] Yet another technique for comparing minutiae
is to compare minutiae within each of several small re-
gions of the fingerprint pattern. By using relatively small
areas of the fingerprint, this technique limits the effect
of the minutiae spreading when greater pressure is ap-
plied to the finger when making the fingerprint By exam-
ining small regions of the fingerprint, the distortions in
the fingerprint pattern due to spreading from different
finger pressure when making the print are less pro-
nounced. However, the problems of minutiae spreading
are not completely eliminated. In addition, this technique
is still rotationally sensitive, and the patterns must be
aligned to identify the individual regions for comparison.
[0014] The above automatic fingerprint matching
techniques are directed to matching specific fingerprint
patterns. In addition to the difficulties noted above, each
of those automatic matching techniques requires a very
large amount of computational effort. Such large efforts
require large computers and/or substantial time to per-
form.

[0015] One method of fingerprint identification uses
the directions field with a spatial spectrum. For con-
structing the directions field, an optical configuration us-
es a coherent correlator with a spatial filter consisting of
sectional diffraction gratings. Such a method is pro-
posed in Soifer, et al., Fingerprint Identification Using
the Directions Field, Proceedings of the 13t Internation-
al Conference on Pattern Recognition, Vienna, Austria,
25 - 29 August 1996, pages 586 - 590. In the method
proposed by Soifer et al., it is suggested that the anal-
ysis should be based on the directions field, and that in
analyzing fingerprints using the Fourier-spectrum, the
angular spectrum distribution is used. While reducing
some of the computational requirements by using opti-
cal correlation, constructing the directions field and
computing a Euclidean distance between the feature
vectors nevertheless requires a sufficiently large
amount of computational activity that rapid comparison
of a very large number of fingerprint patterns it is not
possible. In addition, directly using the directions field
causes the analysis to be dependent on the rotational
orientation of the fingerprint pattern.

[0016] Different pattern recognition techniques have
been applied to matching other, simpler, types of pat-
terns. For example, techniques have been developed to
compare an unknown object with a library of reference
patterns. Such techniques have been developed for ob-
ject recognition systems, for automatically recognizing
objects such as trucks, tanks, or particular types of ships
or aircraft.

[0017] One patternrecognition technique used in con-
nection with such patterns is to use a Fourier image or
frequency representation in comparing the image of an
unknown object with each of several stored images,
each of which corresponds to a particular object For ex-
ample, there may be an interest in identifying whether
an unknown aircraft is an airplane or a helicopter. The
images of one or more known airplanes and one or more
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known helicopters are stored in a computer. The image
of the unknown aircraft is correlated with the stored im-
ages to identify the closest fit. This correlation can be
accomplished with Fourier transforms, as will be under-
stood by those skilled in the image processing arts.
[0018] The pattern recognition technique last de-
scribed above compares the representations of the ob-
jects. The process has proved quite effective when com-
paring relatively simple patterns, and when comparing
a relatively small number of different patterns. However,
this technique has not been successfully applied to iden-
tifying complex patterns such as fingerprint patterns.
[0019] As noted above, fingerprint patterns are, ex-
tremely complex. Therefore, the calculations involved in
correlating such patterns are very complicated, and re-
quire a substantial amount of computational capability.
In addition, when comparing an unknown fingerprint
with fingerprints on file, a very large number of finger-
print patterns must be compared. Therefore, the last de-
scribed technique becomes difficult and time consuming
for comparing an unknown fingerprint pattern with fin-
gerprint patterns on file.

[0020] In a method of classifying a first unknown im-
age, such as a fingerprint image, into one of a plurality
of categories, the method includes taking a frequency
image of the first unknown pattern, to create a first fre-
quency image, and dividing the first frequency image in-
to a plurality of frequency image regions. The method
then assigns a region value to each of the frequency
image regions based on the magnitude of the frequency
image energy in that region. The method of the present
invention is characterized by then combining the region
values of the first frequency image into a first numerical
pattern, and comparing the first numerical pattern with
each of a plurality of numerical patterns, each of the plu-
rality of numerical patterns being representative of the
frequency image of an image category.

[0021] Itis an object of the present invention to sim-
plify the process of matching an unknown fingerprint to
a database of fingerprint patterns.

[0022] Itis an object of the presentinvention to reduce
the number of stored fingerprint patterns with which a
detailed comparison of an unknown fingerprint must be
made.

[0023] Itis an object of the present invention to auto-
matically classify complex patterns, such as fingerprint
patterns, into predetermined categories.

[0024] Itis an object of the present invention to auto-
matically classify fingerprint patterns into appropriate
ones of a large number of categories of fingerprint pat-
terns.

[0025] It is an object of the present invention to auto-
matically classify fingerprint patterns regardless of the
spatial alignment of the fingerprint.

[0026] It is an object of the present invention to auto-
matically classify fingerprint patterns regardless of the
angular orientation of the fingerprint.

[0027] It is an object of the present invention to auto-



5 EP 0 996 925 B1 6

matically classify fingerprint patterns regardless of the
size of the fingerprint.

[0028] The present invention is a method and appa-
ratus for automatically placing a first unknown image,
such as a fingerprint image, into one of a plurality of cat-
egories. The present invention generates a frequency
representation of the fingerprint image. The frequency
representation is sampled on the basis of the energy in
disjoint regions of the frequency representation, to gen-
erate a set of region values. A representation of the sets
of region values is generated. This spatial representa-
tion is correlated with each of a plurality of stored rep-
resentations, each corresponding to a predetermined
fingerprint category.

[0029] To categorize an unknown image, the inven-
tion includes storing in a library a plurality of represen-
tations of value series, each of which series is repre-
sentative of the frequency image of an image category.
The categorization process and apparatus takes a fre-
quency image of a first unknown pattern to create a first
frequency image. The resultant frequency plane of the
first frequency image is divided into a plurality of fre-
quency image plane regions. Each of the frequency im-
age plane regions may be an angular segment radiating
from the origin of the frequency image plane. A region
value is assigned to each of the frequency image plane
regions based on the amount of frequency image ener-
gy in that region. The region values for the first frequen-
cy image are combined to generate a first series of re-
gion values. The first series of region values is com-
pared in a comparator with each of the stored value se-
ries. The comparator preferably encodes the first series
of region values into a spatial image, and correlates that
spatial image with the spatial images corresponding to
each of the stored value series.

In a preferred method of placing a first unknown finger-
print into one of a plurality of categories, the method in-
cludes storing a plurality of representations of finger-
prints, each of which is representative of a fingerprint
category. That storing step comprises, for each of a plu-
rality of representative fingerprints, taking the two di-
mensional frequency image of a representative finger-
print for each fingerprint category, and dividing the im-
age plane of the frequency image into a plurality of re-
gions. A region value is assigned to each of the image
plane regions based on the energy present in the fre-
quency image in that region. The region values for the
first frequency image are combined to generate a rep-
resentative fingerprint value series. A spatial represen-
tation of the representative fingerprint value series is
generated. A one dimensional frequency representation
of the spatial representation of the representative fin-
gerprint value series is generated. The one dimensional
frequency representation is stored. According to the in-
vention, the two dimensional frequency image of a first
unknown fingerprint is taken, to create a first unknown
frequency image. The image plane of the first unknown
frequency image is divided into a plurality of regions. A
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region value is assigned to each of the image plane re-
gions based on the energy present in the first unknown
frequency image in that region. The region values for
the first unknown frequency image are combined to gen-
erate a first unknown fingerprint value series. A spatial
representation of the first unknown fingerprint value se-
ries is generated. A one dimensional frequency repre-
sentation of the spatial representation of the first un-
known fingerprint value series is generated. The one di-
mensional frequency representation is correlated with
each of the stored one dimensional frequency represen-
tations representative of the different fingerprint catego-
ries.

BRIEF DESCRIPTION OF THE FIGURES

[0030] Figure 1 shows a block diagram of a fingerprint
classifier incorporating the present invention.

[0031] Figure 2 shows three exemplary fingerprint
patterns.

[0032] Figure 3a shows a simplified pattern of what
might be a portion of a fingerprint.

[0033] Figure 3b is a three dimensional depiction of
the energy in the Fourier transform (the diffraction pat-
tern) of the pattern of Figure 3a.

[0034] Figure 3cis atwo dimensionalimage of the fre-
quency plane of the pattern shown in Figure 3b.
[0035] Figure 4a shows a simplified pattern of what
might be a portion of a fingerprint.

[0036] Figure 4b is a three dimensional depiction of
the energy in the Fourier transform (the diffraction pat-
tern) of the pattern of Figure 4a.

[0037] Figure4cisatwodimensionalimage of the fre-
quency plane of the pattern shown in Figure 4b.
[0038] Figure 5a shows a simplified pattern of what
might be a portion of a fingerprint.

[0039] Figure 5b is a three dimensional depiction of
the energy in the Fourier transform (the diffraction pat-
tern) of the pattern of Figure 5a.

[0040] Figure 5cis atwo dimensionalimage of the fre-
quency plane of the pattern shown in Figure 5b.
[0041] Figure 6a is a two dimensional image of the
transform plane of the Frequency image of the finger-
print image shown in Figure 2a.

[0042] Figure 6b is a two dimensional image of the
transform plane of the Frequency image of the finger-
print image shown in Figure 2b.

[0043] Figure 6¢ is a two dimensional image of the
transform plane of the Frequency image of the finger-
print image shown in Figure 2c.

[0044] Figure 7 is a simplified diagram of a two dimen-
sional transform of a fingerprint image.

[0045] Figure 8 shows a graphical representation of
the pattern of region values of the simplified transform
image of Figure 7.

[0046] Figure 9 shows a graphical representation of
a different exemplary pattern of regional values for a
transform image.
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[0047] Figure 10 shows a graphical representation of
a third exemplary pattern of regional values for a trans-
form image.

[0048] Figure 11 is a block diagram of an optical cor-
relator such as may be used in conjunction with the
present invention.

DETAILED DESCRIPTION
Overview

[0049] Figure 1is a block diagram of a fingerprint pat-
tern classifier incorporating the present invention.
[0050] The fingerprint image is created using any of
the conventionally available fingerprint imager devices
20. The initial image may be taken from a ink impression
placed on paper. An optical image or photograph of the
inked image may then be taken. Alternatively, the image
may be taken optically by pressing the finger onto a
glass plate.

[0051] The image is preferably digitized for ease of
processing in modern digital image processing equip-
ment. The digitizing may be performed by an image dig-
itizer 22.

[0052] Frequency image apparatus 24 generates a
frequency image or representation of the digitized fin-
gerprintimage. The frequency image apparatus 24 con-
verts or transforms the digitized fingerprint image from
the spatial domain into the frequency domain. The fre-
quency imager 24 may use the Fourier transform to gen-
erate that frequency representation.

[0053] A sampler 26 samples the frequency domain
image. The sampler 26 divides the frequency image
plane of the frequency domain image of the fingerprint
into a plurality of regions. The sampler 26 then assigns
a region value to each of the frequency image regions,
based on the energy in the frequency domain image in
that region.

[0054] A comparator 28 compares the pattern or se-
ries of region values of the frequency domain image of
the fingerprint pattern with each of several sets of rep-
resentative sets of regional values. Each representative
pattern of region values is stored in a library and corre-
sponds with a representative fingerprint for a particular
category or classification of fingerprint. This comparison
may be performed by correlating the region value pat-
tern derived from the Fourier transform of the unknown
fingerprint with the representative region value pattern.
The comparator may generate a spatial representation
of the series of region values, and then generate a one
dimensional frequency representation of that spatial
representation. The comparator 28 may then compare
that one dimensional frequency representation with
stored one dimensional frequency representations,
each of which corresponds to the series of region values
representing a category of fingerprint patterns.

[0055] A category analysis computer 30 identifies the
"best fit" of the comparisons performed in the compara-
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tor 28. Those familiar with the art will recognize that in
certain circumstances, the category analysis computer
30 and the comparator 28 may be the same computer
apparatus.

Fingerprint Patterns

[0056] Figure 2 shows three exemplary fingerprint
patterns. Each fingerprint pattern comprises a plurality
of ridges and valleys between the ridges. At each point
in the fingerprint pattern the ridges have a particular di-
rectional orientation, and particular frequency (ridges
per inch). As each fingerprint pattern has a unique pat-
tern of ridges, the combination of the spatial frequencies
and their orientations is unique for each fingerprint.
[0057] Using the presentinvention, the frequency do-
main is used to classify fingerprint patterns into prede-
termined categories. In particular, a frequency repre-
sentation of the fingerprint pattern is used to classify the
fingerprint pattern.

[0058] Because a fingerprint's ridges occur in fre-
quencies (ridges per inch) and orientations, the frequen-
cy image of the fingerprint pattern has useful information
relating to the fingerprint pattern. The frequency image
or representation may be generated using the Fourier
transform of the fingerprint image.

[0059] To generate the frequency image, a portion of
the Fourier transform of the fingerprint image may be
used. As is understood by those familiar with Fourier
transforms, the Fourier transform takes a spatial image
having x and y components, and converts it to a frequen-
cy image having magnitude and phase information. For
the present apparatus and method, the magnitude por-
tion of the transform is used.

[0060] Fourier transforms are well understood. Nu-
merous references are available that discuss the prin-
ciples of Fourier transforms. One such reference is
Gonzalez and Wintz, Digital Image Processing, Addi-
son-Wesley Publishing Company (1977) (particularly
Chapter 3).

[0061] Figure 3a shows a simplified pattern of what
might be a portion of a fingerprint. This portion of the
fingerprint pattern constitutes a series of ridges and val-
leys having a particular directional orientation. Figure 3b
is a three dimensional depiction of the energy in the fre-
quency representation of the pattern of Figure 3a. Fig-
ure 3c is a two dimensional image of the frequency im-
age plane of the representation shown in Figure 3b.
[0062] In the simplified pattern shown in Figure 3a,
the ridges have a uniform frequency and orientation.
Therefore, the frequency image is simply two peaks.
Each peak has a magnitude, and a location in the fre-
quency representation plane. Only one of the peaks is
significant, since the frequency image of a real input is
symmetric about the origin. Those familiar with frequen-
cy imaging will note that black and white have been re-
versed in Figures 3b, 3c, 4b, 4c, 5b, and 5¢ from that
which is conventionally used, to aid in illustrating the
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present invention.

[0063] The location of the transform peaks indicate
both the frequency of the ridge pattern, and the orienta-
tion of the ridge pattern. As is understood by those fa-
miliar with Fourier transforms, as the frequency of the
ridge pattern increases the peaks of the transform move
toward the edge of the transform plane. Conversely, as
the ridge frequency decreases (the ridges are spaced
farther apart) the peaks of the frequency representation
move toward the center of the frequency image plane.
At the center of the frequency image plane is the origin
of the frequency image plane, where the x and y axes
meet. The movement of the peak toward the edge of the
plane as the frequency increases and toward the center
of the plane as the frequency decreases occurs inde-
pendently in both the x-axis projection and the y-axis
projection. This occurs because the two dimensional
frequency representation is separable. Thus, when the
input pattern is rotated, the frequency transform peak is
rotated on the transform plane. Thus, the transform has
new frequency projections on the x and y axes.

[0064] Figure 4a shows a simplified pattern of what
might be a different portion of a fingerprint pattern. The
orientation of the ridges of the pattern of Figure 4a differs
from the orientation of the ridges of the pattern of Figure
3a. Consequently, the peak of the frequency image, as
shown most clearly in the two dimensional image of the
frequency image plane shown in Figure 4c, is rotated
relative to the peaks shown in the frequency image
plane shown in Figure 3c. However, it is noted that the
frequency of the ridges in the pattern shown in Figure
4a is the same as the frequency of the ridges in the pat-
tern shown in Figure 3a. Therefore, the frequency image
peak in Figure 4c is the same distance from the origin
of the frequency plane as the frequency image peak
shown in Figure 3c.

[0065] Figure 5a shows a simplified ridge pattern in
which the ridges are closer together than the patterns
shown in Figures 3a and 4a. Thus, the frequency of the
ridges in the pattern of Figure 5a is higher than the fre-
quency of the pattern of ridges in Figures 3a and 4a.
Consequently, the peak of the frequency image function
is farther from the origin of the frequency image plane,
and closer to the edge of the frequency image plane, as
is seen in Figure 5c. In addition, the orientation of the
ridge pattern shown in Figure 5a differs from that of ei-
ther the pattern of Figure 3a or that of the pattern of Fig-
ure 4a. Thus, the peak of the frequency representation
shown in Figure 5c is rotated on the frequency image
plane relative to the peak of the frequency representa-
tion shown in Figure 3c, and also with respect to the fre-
quency representation shown in Figure 4c.

Digitizing Fingerprint Images

[0066] The digitizer 22 converts the fingerprint image
to a digital image. Digital images may be easily proc-
essed using current digital computer equipment. The
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image may be converted to a digital image consisting
of, for example, 256 x 256 individual pixels, or 512 x 512
individual pixels.

[0067] To avoid ambiguity generated by, or arising
from, shades of gray that may appear in the fingerprint
image, the fingerprint image is preferably converted to
a pure black and white, or binary, image. So creating a
binary image to be transformed, improves the signal to
noise function in the frequency domain. The conversion
to a binary image may be performed using conventional
adaptive thresholding algorithms. The conversion of the
gray scale image to a binary or black and white image
may also be performed by the digitizer 22. The tech-
nigues and methods for doing so are well understood in
the image processing arts.

[0068] A fingerprint image is commonly taken by ap-
plying black ink to the fingertip and pressing the inked
fingertip onto white paper. Using that technique, the
ridges of the fingerprint pattern appear as black on a
background of white, leaving a large amount of white
paper around the perimeter of the fingerprint pattern.
[0069] The frequency representation imager 24 (de-
scribed below) is likely to interpret significant areas of
white as regions of low frequency images, which will
cause a large peak to appear in the frequency image
function at and around the origin of the frequency image
plane. Such a large peak at the center of the frequency
image plane may interfere with the analysis of the higher
frequency information that appears on the plane. There-
fore, itis desirable to invert the original fingerprintimage
from black on white to white on black. In the inverted
image, the ridges of the fingerprint pattern appear white,
and the valleys appear black. The fingerprint images of
Figure 6 have been inverted in this manner. This image
inversion may be performed by the image digitizer 22.
[0070] Nevertheless, the fingerprintimage is still likely
to have significant portions that could be interpreted as
low frequency patterns. These portions are more a func-
tion of the characteristics of imaging and printing proc-
esses than of the actual fingerprint. Such portions will
create a high peak in the frequency image at the origin.
Such a peak may distort the analysis of the higher fre-
quency information, which is the information of interest.
[0071] To eliminate this peak at the origin of the fre-
quency transform image, the fingerprint image may be
normalized. In normalization, the image is processed to
produce an image in which the net energy of the fre-
quency image is zero.

Transforms of Fingerprint Patterns

[0072] Of course an actual fingerprint is much more
complex than the patterns shown in Figures 3a, 4a, and
5a. This is apparent by observing the actual fingerprint
patterns shown in Figures 2a, 2b, and 2c. Nevertheless,
the frequency image of the actual fingerprint pattern
may be taken, and certain characteristics of the frequen-
cy transform may be noted.
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[0073] The frequency image of the fingerprint image
is generated by a frequency representation imager 24.
The digitized fingerprint image from the digitizer 22 is
input to the frequency representation imager or frequen-
cy transformer 24. Different types of transform imagers
are available. Such apparatus may use optical imaging
to generate the frequency image. A portion of the optical
image processing system shown in US patent number
4,573,198, issued to Robert H. Anderson, provides op-
tical imaging to create a frequency domain image of a
spatial image. See particularly the Background section
of that reference.

[0074] Figures 6a, 6b and 6¢ show frequency image
representations of the actual fingerprint images shown
in Figures 2a, 2b and 2c, respectively. The frequency
representation of the fingerprint image shown in Figure
2a is shown in Figure 6a. Similarly, the frequency rep-
resentation of the fingerprint image shown in Figure 2b
is shown in Figure 6b. The frequency representation of
the fingerprintimage shown in Figure 2c is visible in Fig-
ure 6c¢.

[0075] If the input fingerprint image has not been nor-
malized, the energy peak at the origin of the transform
plane may be eliminated by "zeroing out" the central por-
tion of the transform or frequency image plane. For ex-
ample, a region containing the origin may be "zeroed
out." In many circumstances it may be simpler to elimi-
nate the frequency image at the origin than to process
the original image sufficiently that the peak is not pro-
duced.

[0076] As noted above, the peaks of the frequency
representations are symmetric about the origin (a
straight line drawn through the origin will have equal val-
ues on both sides of the line). In referring to Figure 6a,
the frequency image of the fingerprint image shown in
Figure 2a shows this symmetry. The same patterns that
appear in the second quadrant of the frequency plane
also appear in the fourth quadrant. Similarly, frequency
energy peaks that appear in the first quadrant of the fre-
quency plane also appear in the third quadrant. Thus,
only one half the frequency image plane needs to be
analyzed. For the following discussion, the portion of the
frequency image plane above the x axis will be exam-
ined.

[0077] Referringto the fingerprintimage shown in Fig-
ure 2a, it is apparent that the majority of the ridge lines
are diagonal. Thus, in the frequency image representa-
tion of that fingerprint image, shown in Figure 6a, the
transform energy peaks cluster near the corners of the
frequency plane, away from the axes.

[0078] Examination of the fingerprint pattern shown in
Figure 2b shows that the ridges of the fingerprint pattern
are more vertical than are the ridges of the fingerprint
pattern shown in Figure 2a. Thus, the frequency repre-
sentation of the fingerprint pattern shown in Figure 2b,
which is shown in 6b, has clusters of energy peaks clos-
er to the x-axis than does the frequency representation
shown in Figure 6a. Additional clusters of energy peaks
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in the frequency representation shown in Figure 6b at
the y-axis indicate substantially horizontal ridges in the
fingerprint image of Figure 2b. These horizontal compo-
nents can be seen near the bottom of the fingerprint im-
age shown in Figure 2b.

[0079] As can be seen by examining the fingerprint
image of Figure 2c, the orientations of the ridges are
much more distributed at different angles. Thus, the fre-
quency representation shown in Figure 6¢ is much more
distributed on the frequency plane. However, there is
one very strong diagonal component to the fingerprint
image shown in Figure 2c. Thus, there is a correspond-
ing strong collection of frequency energy peaks in the
second and fourth quadrants of the frequency plane.
[0080] As can be seen by comparing Figure 2a with
Figure 6a, Figure 2b with Figure 6b, and Figure 2c with
Figure 6¢, the ridges within a particular fingerprint pat-
tern are of a substantially uniform spacing or frequency.
Therefore, the frequency representation of each finger-
print image tends to cluster at a substantially uniform
distance from the origin of the frequency image plane.

Sampling

[0081] In accordance with the present invention, the
frequency image is sampled. To do so, the sampler 26
divides the frequency image plane into a plurality of fre-
quency image plane sections or regions. The informa-
tion contained in each region of the frequency represen-
tation is quantified to generate for each region a region
value. The individual regional quantities or values are
combined to produce a pattern of regional values. This
pattern of values can then be compared with a plurality
of representative patterns, each of which represents a
particular fingerprint classification category. From this
comparison, a "best fit" match can be determined for
classifying the fingerprint under examination.

[0082] In a preferred embodiment of the present in-
vention, the frequency image plane is divided into a plu-
rality of angular regions. These angular regions may
each encompass an arc as small as 1 degree, or even
smaller. Again, since the frequency image is symmetric
about the origin, only one half of the frequency image
needs to be analyzed. Therefore, using a 1 degree an-
gular region produces 180 regions to be analyzed in the
transform plane. In certain applications, because of
computational challenges associated with analyzing
180 regions, it may be beneficial to divide the half plane
of the frequency image plane into approximately 20 to
40 regions. In that case, with angular regions, each re-
gion would encompass an arc of between 9 degrees and
4.5 degrees. The angular regions are preferably equal
in size.

[0083] Smaller frequency image regions provide
greater numbers of regions. With a greater number of
regions, each producing its regional value, the string of
regional values becomes longer. Those longer value
patterns allow a finer degree of discrimination among
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patterns, by providing more categories or classes into
which to place each pattern. However, the smaller re-
gions increases the probability that two fingerprints
made at different times from the same finger may be
classified differently because of variations in the finger-
print pattern due to different circumstances under which
they are taken.

[0084] For exemplary purposes only, a highly simpli-
fied frequency image is shown in Figure 7. To further
simplify the description, the half plane above the x-axis
is divided into four regions only, instead of the recom-
mended 20 to 40 or more regions. Each region in the
simplified image of Figure 7 therefore represents a 45
degree arc or angular portion of the frequency image
plane. A different value can be assigned to each angular
region of the frequency image plane based on the infor-
mation represented by the energy that appears in that
region of the frequency image.

[0085] For example, the energy in the region may be
examined. The energy in a particular arc or angular re-
gion of the transform plane is indicative of the number
of ridges having a particular orientation in the fingerprint
pattern.

[0086] By using angular regions of the frequency im-
age, the comparison process may compare fingerprints
of different sizes. As noted above, the closer the ridges
of the fingerprint pattern are to one another, the farther
from the origin the frequency image elements are. A
smaller image of the fingerprint will produce a frequency
image that has elements farther from the origin of the
frequency image plane. Thus, the size of the fingerprint
image is related to the distance from the origin of the
frequency image. However in analyzing the total nor-
malized energy in an angular region, the size of the orig-
inal fingerprint image is irrelevant.

[0087] In addition, the distance of each energy peak
from the origin of the frequency plane may be deter-
mined and analyzed, if it is not necessary to compare
fingerprintimages of different sizes. As noted above, the
distance an energy peak is from the origin of the fre-
quency plane indicates the frequency of the ridges in
the fingerprint image. The farther from the origin of the
frequency plane the peak is, the higher the ridge fre-
quency. Higher ridge frequency indicates that the ridges
are closer together. However, it appears that the ridge
frequency or ridge spacing is not a particularly useful
discriminator among fingerprints. Not a great deal of var-
iation among the ridge frequency is observed among dif-
ferent fingerprints. Furthermore, because different pres-
sure may be applied when making a fingerprint using
the same finger, relying on the distance between ridges
(and the resulting ridge frequency) may undesirably
place two fingerprints applied by the same finger in dif-
ferent categories. This arises because one application
of a fingerprint may be made using substantial pressure,
which may cause the fingerprint to spread out. The
spreading causes the ridges to be separated by a great-
er amount than a fingerprint made by the same finger
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using lesser pressure.

[0088] The clustering of frequency energy, or energy
peaks in the frequency representation in a particular an-
gular region of the frequency plane, however, does pro-
vide useful information for classifying fingerprints. As is
evident from the preceding information, a clustering of
frequency energy peaks, or concentration of frequency
image energy, in a particular region indicates that the
ridges in the fingerprint image tend to have a particular
orientation. Therefore, the quantity of energy in each
particular region is useful in providing a manner of dis-
criminating among fingerprint categories. The energy in
a particular region also provides information about the
extent to which the ridges of a particular orientation
dominate or are present in the basic fingerprint image.
[0089] A regional value is determined by examining
the energy in each region of the frequency plane. Each
energy peak has a magnitude. The total magnitude of
all the energy peaks in the region may be determined.
That total may be the regional value. The regional value
is representative of the concentration of the energy in
the region. Thatin turn is indicative of the extent to which
the fingerprint image possesses ridges having a partic-
ular orientation.

[0090] The regional value assigned to each region of
the transform plane is generally digitized. For example,
the regional value may be binary, using a single digitiz-
ing threshold. Alternatively, up to a virtually unlimited
number of thresholds may be used to provide a wide
range to the digital values available for the regional val-
ues.

[0091] For the simplicity of the present discussion, a
binary discrimination for the regional values will be con-
sidered. The following discussion will refer to the simpli-
fied transform representation shown in Figure 7, which
is highly simplified, and includes far fewer frequency
plane regions than would be used in an actual imple-
mentation. Referring to Figure 7, it is seen that there are
energy peaks in each of the four angular regions 41, 42,
43, 44. It will also be assumed for simplicity that each of
these energy peaks has substantially the same magni-
tude. Such peaks indicate that the fingerprintimage has
at least some ridges in virtually all orientations. Consist-
ent with the frequency images shown in Figures 6a, 6b,
and 6c¢, the frequency points in the simplified transform
plane shown in Figure 7 are clustered at substantially
the same distance from the origin of the frequency im-
age plane. This clustering indicates that the ridges have
a substantially uniform spacing, yielding a similar fre-
quency among the different ridges.

[0092] There are significantly more energy peaks in
regions 41 and 44 than there are in regions 42 and 43.
The total energy in each of the regions 41 and 44 of the
frequency image is greater than the total energy in the
regions 42 and 43. This clustering of energy in the re-
gions relatively nearer the x-axis of the frequency image
plane indicates that the fingerprint of which this is a fre-
quency representation has more ridges that are closer
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to vertical than ridges that are close to horizontal.
[0093] A regional value may be assigned to each re-
gion of the frequency image plane to signify the number
and magnitude of frequency energy peaks within that
region. The total energy represented by all the energy
peaks in the region is determined. To establish a binary
value for each region, a thresholding algorithm may be
applied to the energy level in each region. Thus, the first
region 41 may be determined to have a value of 1, while
the second region 42 may be determined to have a value
of 0. Similarly, the third region 43 may be determined to
have a value of 0, while the fourth region 44, may be
determined to have a value of 1. Thus, the frequency
image representation of the fingerprint pattern has a re-
gion value pattern or series of 1001.

[0094] Using this region value series, the frequency
representation of the fingerprintimage may be encoded
into a spatial image. The region value series may be
converted into a spatial representation. Thus, the series
of region values that is derived from the frequency do-
main representation of the original fingerprint image
may be represented in the spatial domain. For example,
referring again to the extremely simplified frequency
representation of Figure 7, the region value pattern or
series may be graphically represented as shown in Fig-
ure 8a.

[0095] As noted previously, the frequency image is ro-
tationally symmetric. Thus, the transform pattern below
the x-axis would be a mirror image of the image shown
above the x-axis in Figure 7. Thus, if the regional nu-
merical pattern were continued around the full 360 de-
grees, the pattern would be 10011001. The extended
(360 degree) pattern may be graphically shown as in
Figure 8b.

[0096] Figure 9 shows a graphical representation of
a pattern or string of binary regional values such as
might be determined from a frequency representation
divided into a larger number of regions. Of course, each
of the regions encompasses a smaller arc of the fre-
quency image plane. This example shows a pattern
from a frequency image (half plane) that has been sam-
pled into ten regions. Thus, each region encompasses
an arc of 18 degrees. The illustrated pattern is
0100101110. Again, Figure 9 is a highly simplified ex-
ample to aid in illustrating aspects of the present inven-
tion. The series of values represented in Figure 9 is not
related to the simplified frequency domain image shown
in Figure 7.

[0097] Figure 10 shows a graphical (spatial) repre-
sentation of a pattern or string of regional values, each
of which may have one of four values. Each regional
value represents the amount of energy (total energy) in
a region of the frequency representation of the finger-
print image. The total energy may be determined by
summing the magnitudes of all the energy peaks in the
region. Using more than two values for each region al-
lows a finer degree of discrimination as to the concen-
tration of energy peaks in each region. Again, an exam-
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ple is shown of a pattern for a transform half plane that
has been divided into ten 18 degree regions. The illus-
trated pattern in Figure 10 is 2133100232.

Comparison

[0098] The numerical pattern or series of region val-
ues obtained from the frequency image of the fingerprint
pattern may then be compared with the numerical rep-
resentations of exemplary or representative frequency
images, each representing a particular fingerprint cate-
gory. This comparison may be performed by the com-
parator 28 (see Figure 1).

[0099] Each stored numerical pattern corresponds to
a representative exemplary fingerprint pattern for the
particular category. Thus, referring again to the simpli-
fied example of Figures 7 and 8, one category of finger-
prints might be represented by the regional value 1001,
while another category may be represented by the pat-
tern 0110.

[0100] The one dimensional transform of the numeri-
cal pattern of the unknown fingerprint may then be com-
pared against each of the numerical series of regional
values of the representative patterns to establish a "best
fit." By way of illustration, the spatial pattern shown in
Figure 8 may be compared with the patterns stored in a
library of reference patterns. Each of the patterns stored
in the library represents a particular category of finger-
print patterns.

[0101] This library of reference numerical patterns
may be generated in any of a number of fashions. One
technique is to identify the representative fingerprint of
a category. The frequency image of that representative
fingerprint pattern can then be taken. The frequency im-
age plane may then be divided into the same regions
that will be used in examining the unknown pattern, and
regional samples from the developed frequency repre-
sentation may be taken by examining each region of the
frequency image plane. The resulting series or pattern
of regional values may be stored as the representative
pattern for the category.

[0102] Alternatively, a collection of fingerprints of the
identified category may be analyzed by performing the
frequency image conversion or transformation on each
ofthe fingerprintimages of the identified category. A pat-
tern of regional values for each of the frequency images
may be identified, and the most common series of re-
gional values for that set of fingerprints may be deter-
mined. That most common series or pattern of values
may be stored as the representative pattern for the cat-
egory.

[0103] Thus, in accordance with the present inven-
tion, rather than comparing the frequency representa-
tion of the unknown fingerprint image directly with a
stored frequency representation of a fingerprint image
to identify the unknown fingerprint image, the numerical
pattern established by segmenting or sampling the
transform is compared with a representative numerical
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pattern.

[0104] As is understood by those familiar with image
and numerical processing, the comparison of the re-
gional value series or numerical patterns may be made
by multiplying the numerical pattern of the unknown im-
age (the image to be categorized) with each of the rep-
resentative numerical patterns stored in the library. The
greater the degree of identity between the patterns be-
ing multiplied, the higher the product of the multiplica-
tion.

[0105] It may now be recognized that the spatial rep-
resentation of the series of regional values is a relatively
simple two dimensional spatial image. That spatial im-
age was created from the frequency representation of
the original fingerprintimage. Thus, a simple spatial im-
age has been created that is representative of the un-
known fingerprint image.

[0106] Similarly, each of the stored region value pat-
terns that represent the different fingerprint categories
may be graphically represented in the spatial domain.
Such spatial representations resemble the representa-
tions shown in Figures 8 - 10.

[0107] As is also well understood by those familiar
with image processing, a desirable method of compar-
ing two spatial images is to perform a correlation func-
tion using the one dimensional frequency representa-
tions of the spatial images that represent the numerical
patterns. Such a correlation function is equivalent to
multiplying the patterns or numerical series for every
possible position or the two series as one of the series
is slipped over the other. Thus, the patterns may be com-
pared by performing a correlation between the one di-
mensional frequency representation of the numerical
pattern derived from the Fourier transform of the un-
known fingerprint and the one dimensional frequency
representations representative of the numerical pat-
terns stored in the reference library.

[0108] The one dimensional frequency representa-
tion of the spatial representation of the region values
may be obtained using the Fourier transform function.
Such conversion is well understood by those familiar
with automated image processing.

[0109] Since the image may be rotated relative to the
stored reference patterns it is necessary to compare the
representations for all possible rotations. This can be
accomplished by appending the unknown input repre-
sentation to itself, forming a sequence twice as long as
the original representation. By correlating this augment-
ed sequence with the stored reference sequences the
best match can still be identified independent of rotation.
Thus, the process will correctly classify the fingerprint
image even if its correct rotational orientation is not
known. This can be particularly valuable when attempt-
ing to identify partial fingerprints in which it is not clear
what the rotational orientation of the fingerprintimage is.
[0110] As is known by those familiar with the Fourier
transform arts, a sampled, band limited Fourier trans-
form (which holds for any finite sequence of samples)
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automatically generates the augmented unknown input
sequence, forming a "wrap-around" universe where the
beginning of the sequence "connects" to the end of the
same sequence (actually the sequence is replicated out
to infinity in both directions). For most applications se-
quences are modified to eliminate this "wrap around" ef-
fect prior to Fourier transform processing, but for the
present device and method, it simplifies the matching
processing. Thus the Fourier transform based correla-
tion process matches a pattern against the reference,
shifts the pattern, matches again, and shifts, and so
forth. Every position of the pattern, at all rotations, is
compared against the reference pattern. Thus, a Fourier
transform based correlation function may be applied to
match patterns that may be rotationally offset. The cor-
relation may be performed by a Fourier transform cor-
relator. The Fourier transform processor may be optical
or digital. Optical Fourier transform processors compare
the unknown pattern of regional values with the refer-
ence patterns of regional values at high speed. A digital
Fast Fourier Transform (FFT) processor may also be
used to perform a series of comparisons.

[0111] The correlation between the pattern of regional
values for the unknown fingerprint pattern and the ref-
erence patterns may be performed optically using an op-
tical Vander Lugt correlator. Vander Lugt correlators are
well understood in the art. Vander Lugt correlators are
described in Vander Lugt, Anthony, Optical Signal
Processing (Wiley, New York) (ISDN 0-471-54682-8).
[0112] A simplified block diagram of an optical corre-
lator that may be used as the comparator 28 is shown
in Figure 11. The input image of the series of regional
values is patterned onto a uniform coherent light beam
by an input spatial light modulator (SLM) 50. The input
spatial light modulator 50 is a device that can vary the
light intensity as a function of position. A laser diode and
collimator 52 supplies the light. The light from the laser
diode 52 is polarized by a polarizer 54.

[0113] The patterned light from the input SLM 50 is
reflected by a curved, concave, mirror 56 that converts
the pattern into its spatial frequency components. Those
familiar with the art will appreciate that a curved mirror
naturally and instantaneously performs a 2-dimensional
frequency image transformation. The resulting frequen-
cy representation of the numerical pattern is then mul-
tiplied, point-by-point, by a filter spatial light modulator
60 that is patterned with a filter. That filter is a matched
filter of a known representative numerical series for a
category of fingerprint patterns. That pattern is then re-
flected by a second curved, concave, mirror 62, return-
ing the pattern to the spatial domain. The light reflected
by the mirrors 56, 62 passes through polarizers 58, 64.
[0114] The spatial pattern from the second mirror 62
is detected by a 2-dimensional imaging sensor, such as
an array of charge coupled devices (a CCD array) 66.
The pattern at the CCD plane is the mathematical cor-
relation of the unknown input value series or pattern ap-
plied to the input SLM 50 and the known pattern of the
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filter plane applied to the filter SLM 60. The light intensity
of the peaks at the correlation (CCD) plane is propor-
tional to the degree of match. Detector electronics 68
read the data from the detectors of the CCD array 66.

[0115] A post processor 70 may provide the evalua-
tion of the correlation plane, the selection of filters to
use, and outputs the data. The correlator 28 provides
raw correlation plane outputs. The post processor 70 se-
lects areas where the light peaks are located in the cor-
relation plane. The post processor compares the corre-
lation intensity with the expected correlation intensity of
a perfect match, thus obtaining a confidence level. The
post processor 70 then may select a new filter to apply
to the filter SLM 60, based on the results of previous
filters. The selection and application of the filters for the
filter SLM 60 is performed through filter drive electronics
72. The post processor 70 also outputs the results of the
pattern recognition task. The post processor 70 is gen-
erally the same as the category analysis computer 30.
[0116] An exemplary spatial light modulator such as
may be used for the SLM 50 is shown in US Patent No.
5,386, 313 (Szegedi et al.), which is assigned to the
same assignee as the present invention. An optical cor-
relator that can be beneficially used in implementing the
present invention is described in US Patent No.
5,311,359 (Lucas et al.), which is also assigned to the
same assignee as the present invention, and is hereby
incorporated herein by reference. An additional descrip-
tion of an optical correlator is found in US Patent No.
5,452,137 (Lucas), also assigned to the same assignee
as the present invention.

[0117] Alternatively, a conventional digital computer
may be used to perform the correlation function. The
digital computer may use generally available software
for performing an FFT correlation function.

Conclusion

[0118] The apparatus and process described above
generates a frequency representation of the fingerprint
image. The frequency representation is then divided into
regions, and the energy in each region of the frequency
representation is quantified to generate a series of re-
gion values. The series of region values may then be
expressed graphically in the spatial domain. That spatial
representation of the fingerprint image may then be
compared with stored information to identify a "best fit"
category into which the fingerprintimage may be placed.
By generating relatively simple images to compare, the
apparatus and method permits use of conventional im-
age processing and comparison techniques. This allows
practical automatic comparison of complex images such
as fingerprints.

[0119] The transformation of the fingerprintimage into
its frequency representation eliminates the need to cor-
rectly identify the exact x-y position of the fingerprint pat-
tern image. This elimination of x-y sensitivity arises be-
cause of the examination of patterns, rather than indi-
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vidual features of the fingerprint image.

[0120] As discussed above, the rotational symmetry
of the transform image renders the process of the inven-
tion insensitive to rotational variation of the fingerprint
patterns.

[0121] As also discussed above, the comparison
process is immune to changes in the size of the original
fingerprint image. Different size images may be com-
pared. The angular orientation of the ridges remains the
same, regardless of the size of the image. The energy
peaks of the frequency representation will remain in the
same arc as the fingerprint image is enlarged or re-
duced.

[0122] In addition, the comparison is immune to vari-
ations in the fingerprint due to different pressure on ap-
plication are eliminated using the angular regions in the
transform plane. Different pressures used in making a
fingerprint cause the ridges to spread apart, which sim-
ply moves the transform points closer or farther away
from the origin of the transform plane. But the angular
orientation of the ridges is not generally significantly af-
fected. Therefore, the transform points for two finger-
prints taken from the same finger, but with different pres-
sure, appear in the same angular region.

[0123] Once the fingerprint pattern to be identified has
been placed into a category using the process and ap-
paratus described above, a more detailed comparison
process may be employed to specifically identify the fin-
gerprint pattern. That more detailed process may be ei-
ther a manual process, or may employ automatic pattern
matching techniques.

[0124] In many instances, the detailed comparison of
fingerprint patterns is best conducted by a skilled human
fingerprint technician. The automatic classifier de-
scribed above places the fingerprint into a category of
fingerprints with similar patterns. Those fingerprints are
the fingerprints most likely to match the unknown finger-
print pattern. The technician need only compare in detail
the unknown fingerprint with other fingerprints that are
classified in that category. Thus, the technician has few-
er fingerprint patterns requiring detailed comparison.
That allows the technician to focus his or her attention
on the fingerprints most likely to produce a match. That
also reduces the amount of time the technician must
spend trying to find a match for a particular fingerprint.
[0125] Automatic fingerprint matching techniques al-
so benefit from initial classification of the fingerprint. An
automatic fingerprint matching process is more likely to
produce a correct match if the matching process is fo-
cused on the category of fingerprint patterns most likely
to match. In addition, such focus on a smaller number
of fingerprint patterns reduces the computational effort
required in performing the detailed comparison.

[0126] Those skilled in image processing and analy-
sis will recognize that the techniques of the present in-
vention may be used on any image. These techniques
are particularly useful for categorizing extremely com-
plex images, such as fingerprints. In addition, those
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skilled in image processing and analysis art will recog-
nize that various modifications can be made to the pre-
ferred embodiment described above. Therefore, the
scope of the invention should not be limited to the em-
bodiment described above but by the appended claims.

Claims

1. A method of classifying a first unknown image into
one of a plurality of categories, the method including
taking the frequency image of a first unknown pat-
tern to create a first frequency image; dividing the
first frequency image into a plurality of frequency
image regions; assigning a region value to each of
the frequency image regions based on the frequen-
cy image energy in that region; the method charac-
terized by the steps of:

combining the region values for the first fre-
quency image into a first numerical pattern; and

comparing the first numerical pattern with each
of a plurality of numerical patterns, each of the
plurality of numerical patterns being represent-
ative of the frequency image of an image cate-

gory.

2. The method of Claim 1, wherein the step of com-
paring the first numerical pattern with each of the
plurality of numerical patterns comprises encoding
the first set of region values into a first spatialimage,
and correlating that first spatial image with spatial
images corresponding to each of the plurality of nu-
merical patterns.

3. The method of Claim 2, wherein the correlating step
comprises performing an optical correlation.

4. The method of Claim 3, wherein the step of dividing
the frequency image plane into a plurality of regions
comprises dividing the frequency image plane into
a plurality of angular segments, each radiating from
the origin of the frequency image plane.

5. The method of Claim 1, wherein the first image is a
first fingerprint image.

6. The method of Claim 5, wherein the step of com-
paring the first numerical pattern with each of the
plurality of numerical patterns comprises encoding
the first set of region values into a first spatialimage,
and correlating that first spatial image with spatial
images corresponding to each of the plurality of nu-
merical patterns.

7. The method of Claim 6, wherein the correlating step
comprises performing an optical correlation.
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Patentanspriiche

1.

Ein Verfahren zum Klassifizieren eines ersten un-
bekannten Bildes in eine Vielzahl von Kategorien,
wobei das Verfahren folgendes umfaf3t: Aufnehmen
des Frequenzbildes eines ersten unbekannten Mu-
sters zur Erzeugung eines ersten Frequenzbildes;
Teilen des ersten Frequenzbildes in eine Vielzahl
von Frequenzbildzonen oder -regionen; Zuweisen
eines Regionswertes zu jeder der Frequenzbildre-
gionen basierend auf der Frequenzbildenergie in
dieser Region; wobei das Verfahren gekennzeich-
net ist durch die folgenden Schritte:

Kombinieren der Regionswerte flir das erste
Frequenzbild in ein erstes numerisches Mu-
ster; und

Vergleichen des ersten numerischen Musters
mit jedem einer Vielzahl von numerischen Mu-
stern, wobei jedes der Vielzahl von numeri-
schen Mustern reprasentativ ist fir das Fre-
quenzbild einer Bildkategorie.

Das Verfahren nach Anspruch 1, wobei der Schritt
des Vergleichens des ersten numerischen Musters
mit jedem einer Vielzahl von numerischen Mustern
folgendes aufweist:

Codieren des ersten Satzes von Regionswer-
tenin ein erstes raumliches Bild (spatial image)
und Korrelieren dieses ersten raumlichen Bil-
des mit rdumlichen Bildern entsprechend je-
dem der Vielzahl von numerischen Mustern.

Das Verfahren nach Anspruch 2, wobei der Korre-
lationsschritt die Durchflihrung einer optischen Kor-
relation umfafit.

Das Verfahren nach Anspruch 3, wobei der Schritt
des Teilens der Frequenzbildebene in eine Vielzahl
von Regionen das Teilen der Frequenzbildebene in
eine Vielzahl von Winkelsegmenten umfalt, wobei
jedes von dem Ursprung der Frequenzbildebene
ausgeht oder aussendet.

Das Verfahren nach Anspruch 1, wobei das erste
Bild ein erstes Fingerabdruckbild ist.

Das Verfahren nach Anspruch 5, wobei der Schritt
des Vergleichens des ersten numerischen Musters
mit jedem der Vielzahl von numerischen Mustern
das Kodieren des ersten Satzes von Regionsoder
Bereichswerten in ein erstes Raumbild umfaf3t, und
Korrelieren des ersten Raumbildes mit Raumbil-
dern entsprechend jedem der Vielzahl von numeri-
schen Mustern.

Das Verfahren nach Anspruch 6, wobei der Korre-
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lationsschritt das Ausflihren einer optischen Korre-
lation ist oder umfafdt.

Revendications

Procédé pour classer une premiére image inconnue
dans l'une d'une pluralité de catégories, le procédé
comprenant les étapes consistant a prendre I'image
fréquentielle d'un premier motif inconnu pour créer
une premiére image fréquentielle, diviser la premie-
re image fréquentielle en une pluralité de régions
d'image fréquentielle, affecter une valeur de région
a chacune des régions d'image fréquentielle sur la
base de I'énergie de I'image fréquentielle dans cette
région, caractérisé en ce qu'il comporte les étapes
consistant a :

combiner les valeurs de région pour la premiére
image fréquentielle en un premier motif
numeérique ; et

comparer le premier motif numérique a chacun
d'une pluralité de motifs numériques, chacun
de la pluralité de motifs numériques étant re-
présentatif de I'image fréquentielle d'une caté-
gorie d'image.

Procédé selon la revendication 1, dans lequel I'éta-
pe consistant a comparer le premier motif numéri-
que a chacun de la pluralité de motifs numériques
comprend le codage du premier ensemble de va-
leurs de région en une premiére image spatiale, et
la corrélation de cette premiére image spatiale avec
des images spatiales correspondant a chacun de la
pluralité de motifs numériques.

Procédé selon la revendication 2, dans lequel I'éta-
pe de corrélation comprend la réalisation d'une cor-
rélation optique.

Procédé selon la revendication 3, dans lequel I'éta-
pe consistant a diviser le plan de I'image fréquen-
tielle en une pluralité de régions comprend la divi-
sion du plan de I'image fréquentielle en une pluralité
de segments angulaires, dont chacun rayonne de-
puis l'origine du plan de I'image fréquentielle.

Procédé selon la revendication 1, dans lequel la
premiére image est I'image d'une premiere em-
preinte digitale.

Procédé selon la revendication 5, dans lequel I'éta-
pe consistant a comparer le premier motif numéri-
que a chacun d'une pluralité de motifs numériques
comprend le codage du premier ensemble de va-
leurs de région en une premiéere image spatiale, et
la corrélation de cette premiére image spatiale avec
des images spatiales correspondant a chacun de la
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pluralité de motifs numériques.

Procédé selon la revendication 6, dans lequel I'éta-
pe de corrélation comprend la réalisation d'une cor-
rélation optique.
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