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Computer-implemented Method for Obtaining a Combined Image

The present invention relates to obtaining a computer-implemented method for obtaining a
combined image from two images according to independent claim 1 and a device according

to independent claim 15.
Prior art

Combining images taken of, for example, different portions of an object like a fingerprint of
a user or a face of the user is a commonly known task, particularly in cases where the user
is to be identified using respective images. For aligning different portions of an object from
different images, the “Ransac algorithm” was developed as explained in a “Mosaic Ap-

proach to Touchless Fingerprint Image with Multiple views” by Alkhathami et al.

The method described in the prior art is applicable for aligning parts of objects from different
images. However, the approach only provides for an approximate aligning of the respective
portions of different images. This has drawbacks in the context of identification accuracy if

such aligned portions of images are used for identifying a user.

There is consequently a consistent need for improving the creation of combined images,
particularly in the context of user identification using several images from the same bio-

metric feature of the user, like his or her fingerprint or his or her eye.
Object

Starting from the known prior art, the object of the present invention is to improve the accu-
racy with which combined images are obtained from at least two images of a biometric

feature.
Solution

This object is solved by the computer-implemented method for obtaining a combined image
from two images according to independent claim 1 and the device comprising at least one
processor and a memory comprising computer-executable instructions according to inde-
pendent claim 15. Preferred embodiments of the invention are provided in the dependent

claims.
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According to the invention, a computer-implemented method for obtaining a combined im-
age from two images is provided, the computer-implemented method comprising:
obtaining a first original image and a second original image of a biometric feature of a user,
the biometric feature comprising a plurality of characteristics;

determining a frequency of at least some of the characteristics in the first original image and
in the second original image;

resizing, based on the determined frequency, the first original image and/or the second
original image to obtain a first image and a second image;

identifying, in the first image and in the second image, the characteristics and store the first
and second image and the identified characteristics;

for at least some of the identified characteristics in the first image, identifying corresponding
identified characteristics in the second image;

deriving an affine transformation for transforming the at least some of the identified charac-
teristics in the second image into the corresponding identified characteristics in the first
image;

modifying at least a portion of the second image using the Fourier transformation and ob-
taining a combined image comprising at least one portion of the first image and the at least

one modified portion of the second image.

The frequency of the at least some of the characteristics in the first original image and the
second original image can be obtained by, for example, applying a Fourier transformation
to the characteristics or portions of the images in which the respective characteristics are
present. For example, distances between characteristics, like for example ridges of a fin-
gerprint, can be transformed by applying a discrete Fourier transformation into the space of

reciprocal distances (i.e. “frequencies”).

Resizing the first original image and/or the second original image to obtain a first image and
a second image can comprise that only one of the first and the second image is resized
based on the determined frequency. For example, the first image may be maintained in its
original size and only the second image may be resized so as to match the frequency de-
termined for the first original image. In other embodiments, only the first original image is
resized and the second image is maintained or both images are resized based on the re-
spective frequency. For example, in one embodiment it can be provided that at least one of
the first and the second original images is resized based on the frequency so as to obtain
a resolution of the characteristics that results in a geometric property of the characteristics

to fulfil a particular requirement. In the case of the characteristics constituting ridges, for
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example, the resizing may be done so that a distance between ridges corresponds to a
particular dpi value such as, for example, 250, 300 or 500 or 650 dpi. Alternatively or addi-
tionally, it may be provided that one of the images is resized so that the frequency of the

resized image matches the frequency of the other image.

This resizing can constitute a preliminary or approximate matching of the images, in one

embodiment.

In case only one of the first and the second original images is resized based on the fre-
quency, the other original image may be maintained identical. In any case, after that step,
the first original image and the second original image (irrespective of which them has been

resized) are referred to as first and second images.

The affine transformation can comprise movements, rotations or stretchings or shrinkings
or any combination thereof of the at least a portion of the second image. Thereby, a more
accurate matching of the corresponding portions and the first and second image is obtained
so that the combined image is obtained from the first and second image with increased
accuracy, allowing for using the combined image for, for example, identifying a user based

on the biometric feature.

In one embodiment, the method further comprises obtaining a final combined image, com-

prising applying a curvature transformation to the combined image.

The curvature transformation can comprise, for example, modifying portions in the com-
bined image so as to more closely match the shape of the three-dimensional object consti-
tuting the biometric feature or on which the biometric feature is provided. If, for example,
the biometric feature is a fingerprint of a user, the curvature transformation can comprise
transforming the combined image so as to more approximately match an image of the whole
biometric feature if taken from a particular perspective. For example, the shape of the finger
which may be assumed to be generally cylindrical influences how the biometric feature as
a whole would appear if a single image of the whole biometric feature were taken from a
particular perspective or viewpoint. By applying the curvature transformation to the com-
bined image, this can properly be taken into account, further increasing the identification
accuracy. In this context, the first (original) image may be identified as a center image taken
from a center region where the finger is photographed from the front and the second image
may be a side image that neighbors the center region of the finger and even though obtained

from the front, would usually exhibit distortions if taken together with the image of the center
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region. By applying the curvature transformation, this can be taken into account thereby

further increasing the accuracy of the final combined image.

The method can comprise binarizing the first original image and the second original image
and determining the frequency of the characteristics from the binarized first image and the
binarized second image. Binarizing can comprise obtaining a black/white image. This can
improve the accuracy with which the characteristics can be identified for resizing and/or

determining the affine transformation.

The method can further comprise using the affine transformation for modifying at least a
portion of the second image and obtaining the combined image in a non-binarized state.
This can improve the identification accuracy while the accuracy would reach the combined

images obtained based on binarized first and second images can be increased.

In one embodiment, the biometric feature is a fingerprint and the plurality of characteristics
are minutiae or wherein the biometric feature is an iris of an eye and the plurality of charac-
teristics are pigments of the iris. For these biometric features, determining a combined im-
age in the manner as provided according to embodiments of the present invention as ex-
plained above and below provides improved identification accuracy if the combined image

is used for identifying a user.

It can be provided that determining the frequency is performed using first characteristics

and wherein deriving the affine transformation is performed using second characteristics.

The first and second characteristics are preferably distinct from each other so that system-
atic errors that exist for the first and second characteristics (for example regarding their
identification in an image) are not influencing both the resizing step and the determination
of the affine transformation so that the overall error of obtaining the combined image can
be reduced, thereby further increasing the identification accuracy.

In a more specific embodiment, the biometric feature is a fingerprint and the first character-

istics are ridges and the second characteristics are minutiae of the fingerprint.

In one embodiment, deriving the affine transformation comprises determining, based on at
least one fitting criterion, a subset of best fitting identified characteristics in the first image
and corresponding characteristics in the second image and using the subset to derive the
affine transformation. The fitting criteria can, for example, be a threshold value associated

with for example a geometric property of the characteristics or the like. If the characteristics
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exhibit a property below this threshold value, they may be discarded whereas characteris-
tics exhibiting a property that exceeds the threshold value can be further used for determin-
ing the affine transformation for example because they can be assumed to be more reliable.
In this case, the number of characteristics used can either be preset or not. Particularly, all
pairs of corresponding characteristics of the first and second image that exceed the thresh-
old value can be used irrespective of their number. It is noted that also the opposite is
possible, i.e. only pairs of corresponding characteristics that exhibit values or properties
below the threshold value are used for determining the affine transformation and pairs hav-
ing values above the threshold are discarded. Alternatively, the fitting criterion can be a
reference value and those characteristics that exhibit corresponding properties or values
that come closer or closest to the reference value can be used. The number of characteris-
tics used can be limited to a particular (for example preset) number of for example 3, 4, 5
or more so that those characteristics that most closely come to the reference value are used
for determining the affine transformation. In any case, by using such fitting criterion, the

affine transformation is obtained with increased accuracy.

In one embodiment, the fitting criterion comprises at least one of a geometric property of
the characteristics, a quality of an area comprising at least one of the characteristics. The
geometric property can for example be a length or angular position or orientation of the
characteristics. If the characteristics are, for example, ridges, their length can be used as
fitting criterion. If the characteristics are minutiae, their distance can be used as fitting crite-
rion. Particularly, the distance between minutiae in a particular image (first image and/or
second image) can be used as geometric property. The fitting criterion can, for example, be
a threshold value that indicates a threshold distance between minutiae in a particular image.
Minutiae having a distance to each other that is larger than this threshold value can be
determined to be used for determining the affine transformation. Minutiae having a distance
to each other that is smaller than this threshold value can be determined to not be used for
determining the affine transformation. Alternative or additionally, among all minutiae avail-
able in the respective image, those can be further used that exhibit the largest distance to
each other and that have a matching minutiae in the other image. This is particularly advan-
tageous because the longer the distance between minutiae is, the more reliable, for exam-

ple, an angle of rotation as one parameter of the affine transformation can be determined.

The quality of the area in which the characteristics are provided can for example comprise
a uniformity in ridge orientation or a deviation of ridge frequency within or across the re-

spective area. A fitting criterion can be that for example the ridge orientation does not
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change by more than a particular amount or is closest to a particular amount. Alternatively
or additionally, the fitting criterion can comprise a deviation in the ridge frequency across

the area to be below a particular value or to come closest to a particular value.

Using such criteria can ensure that preferably the most uniform characteristics are used

which increases the accuracy in obtaining the affine transformation.

In one embodiment, the subset comprises at least three identified characteristics and at

least three corresponding characteristics.

An affine transformation in images (two-dimensional) can have up to five independent var-
iables which comprise a stretching along each dimension (for example x and y axes), a
displacement along each direction (x and y axes) and an angle of rotation. Considering that
the resizing step equalizes the relative size of the characteristics shown in the images, the
stretching can in some cases be omitted so that only three free variables remain for deter-
mining the affine transformation. Using at least three identified characteristics and corre-
sponding characteristics in the first and second image to determine the affine transformation

thus ensures that the same is determined reliably.

It can be provided that more than three identified characteristics and corresponding char-
acteristics (i.e. more than three pairs of characteristics of the first and second image) are
used where affine transformations are calculated for each group of three pairs. The resulting
affine transformation can then be determined as, for example, mean value of the obtained

affine transformations which can further improve the accuracy of the affine transformation.

It can be provided that deriving the affine transformation comprises using a neural network
to determine at least one value characterizing the transformation. As determining the affine
transformation requires the matching of points in images and their respective identification,
the use of a neural network can reduce the processing time required. However, instead of
using neural networks, the invention also encompasses embodiments where deterministic
algorithms are used for each step of the method. In this context, deterministic algorithms
are any algorithms that do not make use of a neural network and/or result in a predictable

outcome when the input is known.
In one embodiment, identifying the corresponding characteristics is performed iteratively.

Iteratively identifying the corresponding characteristics can comprise using a first identified

characteristic in the first image and comparing it to the identified characteristics in the first
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image until a match is found. Subsequently, a second identified characteristic that is differ-
ent from the first identified characteristic in the first image is compared to the remaining
identified characteristics in the second image until a match is found. This can be performed
iteratively until all identified characteristics in the first image are associated with a corre-
sponding characteristic in the second image or until there are no more characteristics iden-
tified in the first image or the second image available. For the further process, only matching
pairs of identified characteristics in the first image and corresponding characteristics in the
second image are used. This takes into account the fact that characteristics can be identi-
fied in both the first and the second image that are not present in the second or first image,

respectively.

In one embodiment, obtaining the first original image and the second original image com-
prises using an optical sensor to obtain the first original image and the second original im-

age.

The optical sensor can for example be a camera. The first and/or second image can be
obtained using either only the camera and the illumination of the environment or additionally
a flashlight associated with the camera can be used to improve the illumination conditions.

This can further improve the accuracy with which the combined image can be obtained.
In one embodiment, the method further comprises:
obtaining a third original image of the biometric feature of the user;

determining a frequency of at least some of the characteristics in the first original image and

in the third original image;

resizing, based on the determined frequency, the first original image and/or the third original

image to obtain a first image and a second image;

identifying, in the first image and in the third image, the characteristics and store the first

and third image and the identified characteristics;

for at least some of the identified characteristics in the first image, identifying corresponding

identified characteristics in the third image;

deriving an affine transformation for transforming the at least some of the identified charac-

teristics in the third image into the corresponding identified characteristics in the first image;
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modifying at least a portion of the third image using the affine transformation and obtaining
a combined image comprising at least one portion of the first image and the at least one
modified portion of the second image and the at least one modified portion of the third im-

age.

With this embodiment, the combined image exhibits an increased area of the biometric fea-

ture and can therefore aid in increasing the identification accuracy.

In a further embodiment, the first original image is a center image of a center region of the
biometric feature and the second original image is an image of a first neighboring region of
the center region and the third original image is an image of a second neighboring region
of the center region, wherein, optionally, the first neighboring region and the second neigh-

boring region are on approximately opposite sides of the center region.

For example, the center image may be an image of a particular region (referred to as center
region) of the finger and the second image and the third image may be taken from a region
that is adjacent to the center region to the left (second image) and to the right (third image).
Also alternative embodiments like the second image being taken from a neighboring region
that is above the center region and the third image being taken from a neighboring region
that is below the center region can be realized or arbitrary combinations thereof. Preferably,
the first neighboring region and the second neighboring region or the second original image
and the third original image do not overlap. Thereby, the amount of redundant information

is reduced which can improve the accuracy of obtaining the combined image.

According to the invention, a device is provided that comprises at least one processor and
a memory comprising computer-executable instructions that, when executed by the proces-
sor, cause the device to execute a computer-implemented method according to any of the
above embodiments.

The device can for example be a mobile device like a smartphone or laptop with an inte-
grated optical sensor like a camera and optionally flashlight. With this device, and by em-
ploying the inventive computer-implemented method, the accuracy with which combined

images can be obtained for identification of users can be increased.

Brief description of the drawings

Figure 1 shows a schematic depiction of images taken and a combined image
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Figure 2 shows a flow diagram of a computer-implemented method according to one
embodiment
Figure 3 shows a flow diagram applying a fitting criterion to determine pairs of char-

acteristics to be used to determine the affine transformation

Figure 4 shows a schematic depiction of a device according to one embodiment

Detailed description

Figure 1 shows a schematic depiction of a first original image 101 and a second original
image 102, that are combined according to embodiments of the invention to form a com-

bined image 103 according to one embodiment of the invention.

The first original image 101 and the second original image 102 comprise, among others, a
biometric feature of a user. In the example shown, this biometric feature is a fingerprint 112
of afinger 111 (and correspondingly for the finger 121 and the fingerprint 122 for the second
image 102). The biometric feature comprises one or more characteristics 114, 124. At least
one or more characteristics may be minutiae or ridges of the fingerprint or, for example if
the biometric feature is the iris of a user, pigments of the iris as these are suitable for

uniquely identifying the user to which the respective biometric feature belongs.

The first original image 101 and the second original image 102 can be taken by an optical
sensor of a computing device (not shown), for example, a camera or the like. The computing
device with which the images 101 and 102 have been taken may, for example, be a
smartphone or other mobile device though the invention is not limited in this respect. The
first original image and the second original image are taken at different orientations of the
finger relative to the optical sensor that took the images. This is only exemplary shown by
the particular characteristic 113 (a minutia) that is shown in the first original image 101, but
is not visible in the second original image 102, whereas in the second original image 102,
minutiae 123 are visible that have not been captured by the optical sensor when taking the
first original image. The first and second original images, may, for example, be obtained by
holding a finger in front of the camera. Due to slight changes in the relative alignment of the
finger and the optical sensor, consecutive images like the first original image 101 and the
second original image 102 can be taken where generally, one or more characteristics in the

first original image are not visible in the second original image and vice versa.
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For identification purposes, however, it is preferred that as many characteristics of the bio-
metric feature as possible are available for identification so as to increase the identification
accuracy. On the other hand, it is necessary that all biometric features are preferably rep-
resented in a manner where their relative arrangement (like angulation, scaling or the like)
correspond to a single “large” image being taken of the biometric feature where all charac-

teristics are visible at once.

For example, a first original image showing a first subset of characteristics taken under a
first relative arrangement of the biometric feature and the optical sensor cannot simply be
placed alongside a second original image that was taken under different conditions and
shows different characteristics of the biometric features so as to determine, from all visible
characteristics, the identity of the user. This is because this approach would result in a
misalignment of the characteristics of the biometric feature of the first original image and
the second original image relative to each other that does not correspond to the position of
the respective characteristics in the real biometric feature of the user, thereby leading to
false identifications, particularly in cases where there are large deviations in the relative
alignment of the biometric feature relative to the optical sensor when taking the first and the

second original image.

In order to avoid this, the computer-implemented method, according to the invention ob-
tains, from the first original image 101 and the second original image 102, a combined im-
age 103 where portions of the first original image and portions of a modified second image
are stitched together. This is achieved by modifying at least portions of the second image
in a way so that the modified portion corresponds, with respect to the arrangement of the
characteristic of the biometric feature shown in the portion of the second image, to the po-
sition of the characteristic or biometric feature that would have been obtained if the second
image were taken under the same conditions (relative arrangement of the biometric feature

and optical sensor) as or together with the first original image 101 as a single image.

The combined image 103 may, therefore, be made up from portions of the first original
image and portions obtained from modifying the second image, as denoted with 131 and
132. Particularly, the portions of the second image 132 that are modified and added to the
first image or portion 131 of the first image, may be those that comprise characteristics 123

that have not been visible in the first image 101.

In total, the combined image does not only comprise those characteristics 114 and 124 of

the biometric feature that are visible in both images, but also comprises the characteristics

10
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113 that are only visible in the first original image 101 and the characteristics 123 that are
only visible in the second original image 123. Thereby, the number of characteristics of
biometric feature that are visible and properly aligned to each other in the combined image
is preferably larger than the number of characteristics visible in either the first original image
or the second original image, allowing for using more characteristics of the biometric fea-

ture, for, for example, identifying a user.

Figure 2 shows a flow diagram of a computer-implemented method 200 for obtaining a
combined image from first and second original images (like images 101 and 102 referred to

above) and use of this combined image to identify a user.

The method begins in step 201 in which first and second original images are obtained from
a biometric feature of a user. The first and second original images may for example be taken
from a fingerprint (as biometric feature) of a user using a camera of a mobile device like a
smartphone. The first and second original image are, without limitation, images taken from
different portions of the biometric feature that have characteristics (like ridges or minutiae).
For example, the first original image may be taken from the fingerprint of a user from a first
direction and the second original image may be taken from the fingerprint of a user from a
second direction so that (see description of Figure 1) both images may exhibit some corre-
sponding portions or overlapping portions of the biometric feature but are not identical so
that some portions of the biometric feature present in the first original image are not present

in the second original image and vice versa.

It can be provided that the first and second original image are stored for example in a
memory associated with or provided in a device performing the method. For example, the
first and second original image may be stored in a non-volatile memory of the smartphone
with which the first and second original image have been obtained. This, however, is not
necessarily the case and the first and second original image may instead only be stored in

a volatile memory for further processing.

In a next optional step 202, the first and/or second original image may be binarized. The
first and second original image will usually be taken as full color image. Binarization can
comprise transforming the first and/or second original image to a black and white image,
respectively, which can increase the accuracy with which the further steps of the method
according to Figure 2 can be performed because, for example, for neural networks it is

easier to determine features in an image where the contrast is comparably high. This is

11
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achieved by binarizing the respective images. However, the step 202 is only optional and

the method can also proceed without further binarizing the respective images.

In step 203, frequencies of at least some of the characteristics in the first original image and
in the second original image are identified either from the original images or from the bina-
rized original images. The determination of the frequency of the characteristics encom-
passes firstly an identification of the position of the respective characteristics and secondly
application of a (discrete) Fourier transformation of the image information. A Fourier trans-
formation can comprise fully applying a Fourier transformation to the first and second orig-
inal images. This will result in a sum of frequency contributions that together form the image
information in the space of frequencies. The connection between the frequency space and

the original space of the first and second original images is known to the skilled person.

The characteristics used for determining the frequency can, for example, be the ridges pro-

vided in a fingerprint of a user.

It can be provided that only the first and second and/or first to third terms of the Fourier
transformation (particularly the first summands of a discrete Fourier transformation, i.e. the
highest order contributions in the Fourier transformation) are used in the transformation
because lower order summands (corresponding to even higher frequencies) typically pro-
vided less absolute value to the Fourier transformation and are only representative of minor

fluctuations compared to the preceding summands.

Having determined the frequency of the characteristics in step 203, the first original image
and/or the second original image is resized in step 204. This resizing is based on the fre-
quency determined in step 203. If for example the distance of the ridges of a fingerprint is
used to determine a frequency of a respective characteristic, it can be provided that the
resizing of the first and/or second image is performed so that the ridge distance may for
example correspond to a given dpi value. The dpi value may for example be 200 or 250 or
400 or 500 or 600 dpi. Generally, the dpi value is arbitrary but fixed and can be determined
based on other needs like for example the overall size of the image to be processed for

identifying a user with sufficient accuracy.

Based on the Fourier transformed ridge distance of the first and/or second original images
(or other Fourier transformed characteristics), it can then be determined whether resizing
has to be applied to the first original image or the second original image only or to both the

first and second image. The resizing allows for properly matching to the characteristics and

12
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the first or second original image, thereby providing for a first matching of the first and sec-
ond original image at least with respect to their size or the size of the characteristics of the
biometric features. This step advantageously reduces mismatches of the first and second
original image that for example originate from different distances of the biometric feature to

the camera with which the respective image is taken.

After the resizing step 204, the first original image and the second original image or at least
one of them has been modified by resizing so that for the further steps of the method, ref-
erence will be made to a “first image” corresponding to the optionally resized first original
image and a “second image” corresponding to the optionally resized second original image.
It is noted that the reference to the first and second image does not necessarily imply that
a resizing has been performed on the respective image. However, as a resizing may have
been performed, for ease of understanding, it is referred to first and second images to take

this into account.

In the first and second image, characteristics of the biometric feature are identified in step
205. For example, minutiae of a fingerprint may be identified in the first and second image.
This can be done using algorithmic identifiers for identifying specific portions of images or
using a neural network that is specifically adapted and trained for identifying characteristics
in images. Such a neural network may, for example, have been trained with commonly
available training data from publically available sources on biometric features like for exam-

ple fingerprints or eyes of a user (particularly pigments of the iris and the iris itself).

It can be provided that the characteristics or the kind of characteristics identified in step 205
are the same as those used in step 203 for determining the frequency of the characteristics.
For example, both in steps 203 and 205 ridges of a fingerprint may be the characteristics
that are identified and further used in the process. However, in order to avoid for example
the same systematic errors in identifying a particular characteristic to have impact on both
the frequency determination and the further processing following step 205, it can be pro-
vided that in step 203 first characteristics (for example the ridges and their distance) are
used whereas in step 205 second characteristics which are different from first characteris-
tics are used. For example, in step 205, if the biometric feature is a fingerprint, it may be
preferred that minutiae are identified whereas in step 203 ridges are used. Thereby, the
characteristics identified in step 205 that are used for further processing the images are

different and therefore independent from those used for determining the frequency which

13
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can result in an improved accuracy in obtaining a combined image and can additionally

improve the identification accuracy obtainable with the combined image.

In step 206, after having identified characteristics in the first and second image, respec-
tively, the characteristics and the first and second images may preferably be stored in a
non-volatile storage (like a non-volatile storage of the device with which the method is per-
formed or an associated storage). The characteristics associated with the first image can
be stored in a data structure associated with the first image (for example by using a pointer)
and the same can be performed for the characteristics identified in the second image. The
characteristics identified in the first and second image, however, are not linked to each other

but are, until step 206, independent.

In step 207, corresponding characteristics in the second image that correspond to charac-

teristics identified in the first image are identified.

As explained previously, the first and second images do at least partially overlap and so
there will be identified characteristics in the first image that have corresponding identified
characteristics in the second image. In step 207, those corresponding characteristics are
identified.

This can be done in an iterative manner. For example, step 207 may comprise selecting a
first identified characteristic in the first image and attempting to match (using for example a
neural network or a deterministic algorithm) identified characteristics in the second image.
Once a match is found, a pair of corresponding characteristics can be stored or the identified
characteristic in the first image and the corresponding identified characteristic in the second

image can be associated with each other by for example a pointer or other data structure.

Subsequently, a second identified characteristic in the first image can be selected and a
match can be attempted to the remaining identified characteristics in the second image.
Once a match is found, the pair of corresponding characteristics can be stored or associated
with each other. This iterative process can be repeated until there are no more identified
characteristics in the first image or no more identified characteristics in the second image
left or no further matching pairs are identified. In this context, it is noted that in both the first
and the second image there may be identified more characteristics than are present in an
overlapping region of the first image and the second image. Therefore, there may be iden-
tified characteristics in the first image and in the second image for which no corresponding

characteristic can be identified in the other image, respectively.

14
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At the end of step 207, there are provided pairs of corresponding characteristics identified
in the first and second image that basically constitute an overlapping region of the first and

the second image.

In the next step 208, these characteristics are used to derive an affine transformation for
transforming at least some of the identified characteristics in the second image into the
corresponding identified characteristics in the first image. As the first image and the second
image have for example been taken from different angles, even though corresponding char-
acteristics can be identified, they are not in the same angular position or are otherwise
deformed compared to the first image. An affine transformation that can comprise rotation
and/or movements and/or stretching by a particular factor allows for transforming the char-
acteristics of the second image into corresponding identified characteristics in the first im-
age. By using the identified characteristics in both the first and second image that corre-

spond to each other, this affine transformation can be determined.

It can be particularly advantageous to use at least three pairs of corresponding character-
istics in the first and second image because an affine transformation (without stretching)
can have three freely selectable or independent parameters (displacement or movement
along two independent axes like for example the x and y axes and an angle of rotation). An
additional free parameter or two additional free parameters refer to stretching of the second
image compared to the first image along the two independent axes (like x and y axes) by a
given scalar factor. Such stretching can, however, be obsolete because of the resizing al-
ready done in step 203. If some stretching is necessary to obtain an accurate affine trans-
formation, then five independent parameters would be available and instead of at least three

pairs, at least five pairs of corresponding characteristics may be used.

Once the affine transformation has been determined in step 208, this affine transformation
can be used to modify at least a portion of the second image using the affine transformation
and obtaining a combined image comprising at least one portion of the first image and the
at least one modified portion of the second image in step 209. Combining the portion of the
first image and the modified portion of the second image can also be referred to as “stitch-
ing” together the first and second image. The step 209 can preferably comprise that only
those portions of the second image that are not present in the first image are modified and

added to the first image so as to obtain a combined image that is larger than the first image.

The obtained combined image can optionally be de-binarized or the binarization can be

reverted in step 210 by for example using the pixel information of the combined image that
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is obtained from the first and the second image that have been resized and potentially bi-
narized either based on the first and second original images or by simply de-binarizing the
respective pixels based on the originally available information. This step is, however, only
optional and can be omitted. Subsequently, in step 211, the combined image can be used

to identify a user.
Alternatively, the following approach can be taken.

The obtained combined image constitutes a combination of images that have been taken
under particular directions and/or conditions of a three-dimensional object like for example
a fingerprint on a finger of a user. Insofar, the combined image more or less corresponds to
a rolling off of the biometric feature (like a fingerprint) on a flat surface. The real finger,
however, rather corresponds to a cylinder and if a single image were taken of this finger
with the fingerprint thereon, it would exhibit distortions and deformations at regions that are

not close to the center line of the direction from which the image was taken.

In order to take into account for such curvature deformations, a curvature transformation
can be applied at least to some portions of the combined image. If for example the first
image is considered as a “center image”, only those portions that are added to this first
image from the modified second image can be further modified by applying a curvature

transformation to obtain a final combined image.

Either after applying this curvature transformation or before that, it can be provided that the
binarization is reverted in step 221 (like in step 210). Having obtained the final combined

image, it can be used in step 222 for identifying a user.

While the method according to the above embodiments was described with respect to using
only a first and second image, the invention is not limited in this respect and more than a
first and a second image, particularly at least three images of the biometric feature of the
user can be used and a combined image or a final combined image (see step 220) can be
obtained therefrom in order to optionally identify a user using the combined or final com-

bined image.

In so far, the approach using a third image in addition to the first and second image already

previously discussed is essentially the same as outlined above.

In the case where more than two images are used, it can be provided that one of the plurality

of images is selected as a “center image”. This can be for example the first image. The
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processing of the third image relative to the first image is done in the same way as for the
second image without there being any interaction to the processing of the second image
and the third image (which preferably is taken from a portion of the biometric feature that is
fully different to the portion of the biometric feature of the second image) is combined with
the firstimage by modifying at least a portion of this third image that is preferably not present

in the first image in the manner as described above.

In one embodiment, it can be provided that the first image is a center image of a center
region of the biometric feature and the second and third image are images of neighboring
regions of this center region of the biometric feature. For example, the second and third
image may be taken from regions to the right and the left, respectively, of the center region
or to the top and the bottom, respectively, of the center region. The invention is not limited
in this respect and also neighboring regions that are on their own adjacent to the center

region can be used and combined with the first image to obtain a combined image.

As explained in relation to step 208, deriving the affine transformation comprises using at
least some pairs of corresponding characteristics of the first image and the second image
identified in step 207. In order to increase the accuracy with which the affine transformation
is obtained, it is preferred to use characteristics that exhibit particular properties if such
properties are indicative of an improved accuracy of the derived affine transformation com-

pared to using other matching pairs of characteristics.

In order to ensure that preferably the best pairs of corresponding identified characteristics
are used, it can be provided that the pairs of identified characteristics of the first and second
image are discriminated by using at least one fitting criterion. This method is described in
relation to Figure 3. It is noted that the embodiment of Figure 3 takes place between step
207 and step 208.

After having identified the pairs of corresponding characteristics 301 in both the first and
second image, a fitting criterion can be applied to the pairs of corresponding characteristics
in step 302.

In a first embodiment, the fitting criterion comprises a threshold value 310. This threshold
value can for example be indicative of or be a geometric property associated with the char-
acteristics. For example, if the characteristics are ridges, the fitting criterion can be a length
of the ridges or a value specific to the orientation of the ridges, like an angle of inclination

compared to a particular reference direction. The threshold value can for example indicate
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a minimum value or a maximum value that the characteristics should have in order to dis-
criminate between pairs of corresponding characteristics that are further used for determin-

ing the affine transformation or for discarding the respective pairs if the criterion is not met.

For example, it may be provided that only pairs of characteristics that exceed the threshold
value will be further used to determine the affine transformation (alternatively it is of course
envisaged that only pairs of corresponding characteristics that exhibit a property that is be-

low the threshold value may be used).

In step 311, a determination is made which of the identified pairs of corresponding charac-
teristics have values (for example the ridge length) that are above or below the respective
threshold value. In the case where only pairs that exhibit a geometric property that lies
above the threshold value defined by the fitting criterion are used further, pairs that exhibit
a geometric property that is below the respective threshold value can be discarded in step
312. They can nevertheless be maintained or stored but are not further used to determine

the affine transformation.

In the next step, only those pairs that fulfil the fitting criterion are used to determine the
affine transformation in step 313. This can comprise using all pairs that fulfil the fitting crite-
rion or using only as many pairs as are necessary for determining the free variables of the
affine transformation.

Alternatively or additionally it may also be provided that for determining the affine transfor-
mation, if there are more pairs identified to fulfil the fitting criterion than there are free vari-
ables for the affine transformation, subsets of these pairs are used that are different from
each other with respect to at least one pair in the subset and preliminary affine transfor-

mations are calculated for each of those subsets.

For example, if the affine transformation has three freely selectable and independent pa-
rameters that are to be determined using the pairs of corresponding characteristics, it can
be provided that subsets of three pairs of corresponding characteristics that are all pair-
wise disjoint are determined where the subsets are different to each other by at least one
of the pairs of corresponding characteristics. The preliminary affine transformations deter-
mined for each of these subsets can then be further used to calculate the affine transfor-
mation by for example using a mean value of the parameter values obtained for the respec-

tive preliminary affine transformations. Thereby, slight distortions or deviations that were
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introduced by a particular selection of particular pairs of corresponding characteristics are

compensated, thereby increasing the accuracy of the affine transformation.

In another embodiment, it can be provided that the fitting criterion comprises a reference
value (see 320). The reference value can be a value that is indicative of whether a pair of
corresponding characteristics would result in a reliable determination of an affine transfor-
mation. This reference value or this fitting criterion can be the same as described in step
310 though it is not used for discriminating between pairs of corresponding characteristics
that exhibit values below or above this reference value but is used in step 320 in order to
determine which of the pairs of corresponding characteristics come closest to the reference
value. In step 321, for example, the Euclidean distance of the property of the pair of corre-
sponding characteristics to the reference value can be calculated for each of the available

pairs of corresponding characteristics.

In step 322, a predetermined number of pairs that come closest to the reference value (i.e.
have the smallest Euclidean distance) can be selected from among all pairs of correspond-
ing characteristics. In step 323, these pairs which may be regarded as the best fitting pairs
among all pairs of corresponding characteristics can then be used to determine the affine

transformation. The number, however, does not need to be predetermined.

The pre-determined number used in step 322 can be set as equal to the number of free

parameters of the affine transformation to be determined.

However, like for the alternative approach using threshold values as fitting criterions, it can
also be provided that the predetermined number is larger than the number of freely se-
lectable parameters in the affine transformation and (as explained above) subsets of pairs
of corresponding identified characteristics can be used to determine preliminary affine trans-
formations and derive a final affine transformation therefrom.

Once the affine transformation has been determined, it can then be used in step 209 to
obtain the combined image as already explained in relation to the embodiments of Figure
2.

Figure 4 exemplarily depicts a device 400 that can be used for carrying out the method
according to any of the above-described embodiments. The device 400 comprises at least
a processor 401 and associated (preferably non-volatile) memory 402. The associated
memory 402 may also be remote (outside the device 400) to the device 400 comprising the

processor 401 but in any case a connection between the processor and the memory is
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provided that allows for obtaining instructions from the associated memory 402 to carry out
a method according to any of the above embodiments. Additionally, the device 400 may
comprise an optical sensor 403 like a camera for obtaining the first and second image. A
flashlight may be associated with the camera allowing for using flash when taking any of

the above referred to first, second, or third original images.

However, this is not mandatory and, as explained above, the device carrying out the method
according to any of the above embodiments not necessarily is the same device that takes
the first and second image. Rather, the first and second image may also be provided from

another device via a collection for data transfer (wired or wireless).
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CLAIMS

A computer-implemented method for obtaining a combined image from two images,
the computer-implemented method comprising:

obtaining a first original image and a second original image of a biometric feature of
a user, the biometric feature comprising a plurality of characteristics;

determining a frequency of at least some of the characteristics in the first original
image and in the second original image;

resizing, based on the determined frequency, the first original image and/or the sec-
ond original image to obtain a first image and a second image;

identifying, in the first image and in the second image, the characteristics and store
the first and second image and the identified characteristics;

for at least some of the identified characteristics in the first image, identifying corre-
sponding identified characteristics in the second image;

deriving an affine transformation for transforming the at least some of the identified
characteristics in the second image into the corresponding identified characteristics
in the first image;

modifying at least a portion of the second image using the affine transformation and
obtaining a combined image comprising at least one portion of the first image and the
at least one modified portion of the second image.

The computer-implemented method of claim 1, further comprising obtaining a final
combined image, comprising applying a curvature transformation to the combined im-
age.

The computer-implemented method of claim 1 or 2, further comprising binarizing the
first original image and the second original image and determining the frequency of
the characteristics from the binarized first image and the binarized second image.
The computer-implemented method according to any of claims 1 to 3, wherein the
biometric feature is a fingerprint and the plurality of characteristics are minutiae or
wherein the biometric feature is an iris of an eye and the plurality of characteristics
are pigments of the iris.

The computer-implemented method according to any of claims 1 to 4, wherein deter-
mining the frequency is performed using first characteristics and wherein deriving the

affine transformation is performed using second characteristics.
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The computer-implemented method according to claim 5, wherein the biometric fea-
ture is a fingerprint and the first characteristics are ridges and the second character-
istics are minutiae of the fingerprint.

The computer-implemented method according to any of claims 1 to 6, wherein deriv-
ing the affine transformation comprises determining, based on at least one fitting cri-
terion, a subset of best fitting identified characteristics in the first image and corre-
sponding characteristics in the second image and using the subset to derive the affine
transformation.

The computer-implemented method according to claim 7, wherein the fitting criterion
comprises at least one of a geometric property of the characteristics, a quality of an
area comprising at least one of the characteristics.

The computer-implemented method according to claim 7 or 8, wherein the subset
comprises at least three identified characteristics and at least three corresponding
characteristics.

The computer-implemented method according to any of claims 1 to 9, wherein deriv-
ing the affine transformation comprises using a neural network to determine at least
one value characterizing the transformation.

The computer-implemented method according to any of claims 1 to 10, wherein iden-
tifying the corresponding characteristics is performed iteratively.

The computer-implemented method according to any of claims 1 to 11, wherein ob-
taining the first original image and the second original image comprises using an op-
tical sensor to obtain the first original image and the second original image.

The computer-implemented method according to any of claims 1 to 12, further com-
prising:

obtaining a third original image of the biometric feature of the user;

determining a frequency of at least some of the characteristics in the first original
image and in the third original image;

resizing, based on the determined frequency, the first original image and/or the third
original image to obtain a first image and a second image;

identifying, in the first image and in the third image, the characteristics and store the
first and third image and the identified characteristics;

for at least some of the identified characteristics in the first image, identifying corre-

sponding identified characteristics in the third image;
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deriving an affine transformation for transforming the at least some of the identified
characteristics in the third image into the corresponding identified characteristics in
the first image;

modifying at least a portion of the third image using the affine transformation and
obtaining a combined image comprising at least one portion of the first image and the
at least one modified portion of the second image and the at least one modified portion
of the third image.

The computer-implemented method according to claim 13, wherein the first original
image is a center image of a center region of the biometric feature and the second
original image is an image of a first neighboring region of the center region and the
third original image is an image of a second neighboring region of the center region,
wherein, optionally, the first neighboring region and the second neighboring region
are on approximately opposite sides of the center region.

A device comprising at least one processor and a memory comprising computer-ex-
ecutable instructions that, when executed by the processor, cause the device to exe-

cute a computer-implemented method according to any of claims 1 to 14.
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