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outputted feature points.
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SYNTHETIC LATENT FINGERPRINT IMAGES

Technical Field of the Invention

This invention relates to synthetic latent fingerprint _images, and to the training of

trainee latent fingerprint analysts.

Background to the Invention

Fingerprints are commonly left behind on objects after being handled, and may be
analysed to help determine the identity of the person handling the objects. Latent fingerprint
images of fingerprints may be rriay be developed by techniques such as powder dusting or
cyanoacrylate ester _fu_ming; as will be apparent to those skilled in the art, and then compared

to database(s) of plain fingerprint images.

A plain fingerprint image of the person’s finger may be taken under laboratory
conditions, to include the whole area of the person’s fingertip, and to give as clear a
fingerprint as practically possible. A plain fingerprint image may for example comprise lines

upon a uniform background, the lines corresponding to ridges of the finger.

However, latent fingerprint images developed from fingerprints that are un-
intentionally left behind on objects typically inélude the background colouration/texture of
the object which was touched, and ﬁlay have imperfections such as smearing and broken
lines, poor contrast between lines and background, and may oniy comprise part of the
person’s full fingerprint. The term Latent Fingerprint thus pertains to recordings of friction
ridges (e.g. epidermal or papiliary ridges as found on ﬁngerfips) under arbitrary and non-ideal
conditions, and is in contrast to a Plain Fingerprint where the fingerprint is recorded under

controlled and typically ideal conditions.

The matching of latent fingerprint images to plain fingerprint images is commonly
done by identifying feature points in the latent fingerprint images, and checking whether the
positions and the types of these feature pbints correspond to the positions and typés of the

feature points in the plain fingerprint images. The feature points may for example comprise
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points where fingerprint ridges end or converge, known in the art as minutiae points, or

points where pores in the fingerprint are present.

The identification of feature points within latent fingerprint images is a difficult task,
- and is typically carried out by latent fingerprint analysts, each of which may require up to 5
years training in how to accurately identify and classify feature points in latent fingerprint

images.

The training requires the use of latent fingerprint images that have known feature
points, so that a trainee latent fingerprint analyst can attempt to identify and classify the
feature points m the latent fingerprint image, and so that the feature points identified by the
trainee latent fingerprint analyst can be evaluated against the known feature points. Then the
trainee latent fingerprint analyst can be informed of which points they failed to identify or

classify correctly.

Latent fingerprint images with known feature points are difficult to create, they
require someone to place a ﬁhgerprint on a surface, forensically triage the print, and image it.
They then require analysis by at least one or two experienced latent ﬁhgerpriht analysts to
idéntify and classify ali the feature points that are present within them, before passing them to

a trainee latent fingerprint analyst for training purposes.

~ Far more latent fingerprint images with known feature points are required to
effectively train latent fingerprint analysts, than are currently readily available from public

databases.
It is therefore an object of the invention to provide a means for generating synthetie
latent fingerprint images having known feature points and having at least one characteristic

representative of those of real latent fingerprints as may be found in forensic investigations.

Summary of the Invention

According to one aspect of the invention, there is provided a method of generating a
synthetic latent fingerprint image and positions of feature points within the synthetic latent

fingerprint image. The method comprises:
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- receiving an initial fingerprint image and positions of feature points within the initial
fingerprint image; ‘ ’
- -tranSforrning the initial fingerprint image onto a background image to provide a
synthétic latent fingerprint image this step including transforming one region of the
fingerprint image differently than a separate region of the fingerprint image;
- mapping the positions of the feature points within the initial fingerprint image to
positions of the feature points within the synthetic latent fingerprint image, based upon the
transforming; and ‘
- outputting the synthetic latent fingerprint image and the positions of the feature points
that are within thé synthetic latent fingerprint image to enable the training of a fingerprint
forensic analyst trainee, the training including the trainee identifying feature points of the

| synthetic latent fihgerprint image and including assessment of a level of success of the trainee
by comparison of positions of potential feature poinis identified by the trainee against the

positions of the outputted feature points.

The method enables the generation of synthetic latent fingerprint images having
known feéature points, which can be used as latent fingerprint images having known feature
points for the training and evaluation of latent fingerprint analysts.

The term Synthetic Latent Fingerprint Image pertains to an image of a fingerprint
where the fingerprint has at least one characteristic of a Latent Fingerprint as may be found

during a forensic investigation, as opposed to of a Plain Fingerprint.

- The training of the fingerprint analyst is performed manually, ih the sense that it done
by the trainee manually inspecting images. However the images may bé_ displayed 6n a
computer screen by a cdmputer for these purposes. Furthermore the training may also be
partly automated, requiring the trainee to input ahal‘ysis in response to viewing the image,
whereupon another images may be automatically displayed. The assessment of the level of
success of the traince- may similarly be automated and feedback may also be automatically

provided by the above method.

Advantageously, to simulate the latent fingerprint images that are typically
encountered in real life, the transforming of the initial fingerprint image onto the background

image may comprise various operations such as: .
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- removing at least one region of the initial fingerprint image while retaining another
region thereof. This may be performed to simulate when only part of a person’s finger
touches an object; '

- altering the initial fingerprint image according to a non-linear spatial transform such

| that at least one region of the initial fingerprint image is enlarged or compressed in
preference to another region thereof. This may be performed.to simulate
compression/stretching of parts of a fingertip surface that can occur when the finger
touches an object; - ' |

- smearing at least one portion of the initial fingerprint image such that at least one
region is smeared in preference to another region thereof. This may be performed to
simulate laterel movement of parté of a fingertip along an object that can occur when
the finger touches an object. This can be achieved optionally by providing a rotational
smearing transformation with respect to an axis of rotation, that causes at least one
region respectively distal to the axis of rotation to be smeared in preference to a
region respectively proximate to the axis of rotation; and

- adding image noise to at least one region of the initial ﬁnéerprint image in preference
to another region thereof. This may be performed to simulate image noise that may be
introduced by processes such as power dusting or cyanoacrylate ester fuming used to

develop a ﬁngerprint' into a latent fingerprint image.

The method miay further comprise repeating the step of transforming the initial fingerprint
image onto a background image‘(E. g. transforming, mapping, and outputting) a plurality of
times, with varying transformations. This (may be used to generate a fingerprint image with

more complex deterioration as compared to applying one transformation.

- The method may further ‘compri'se repeaﬁng the step of transforming the initial fingerprint
image onto a background image (optionally multiple times each), for example as listed above,
to generate a plurality of synthetic latent fingerprint images from the initial fingerprint image. .
Accordingly, just one initial fingerprint image with known feature points may be all that is
required to generate a vast 'array of latent fingerprint images for training purposes. The
parameters that are used tb’ transform the initial fingerprint image into a synthetic latent
fingerprint image may be randomly varied in order to automatically produce multiple

synthetic latent fingerprint images, each one being different to the others.
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Advantageously, the initial fingerprint image may be a plain fingerprint image comprising
lines upon a uniform background, the lines corresponding to ridges of a finger. The plain
fingerprint image may. be used multiple times to generate multiple latent fingerprint images

all having the same starting point of the plain ﬁngerprint,image.

Altematively,.a synthetic latent fingerprint image resulting from perfdrming the method a
first time, may be used as the initial fingerprint image in a subseciuent repetition"of the
method, to generate another synthetic latent fingerprint image. The generated synthetic latent
fingerprint image will typically be of lower quality than the initial synthetic latent fingerprint
image due to the additional transformation step, and so this method may be used to generate a
serieé of synthetic latent fingerprint images which are .progre‘ssively harder and harder to

read.

The feature points may comprise minutiae points, the minutiae points being one or more
of ridge endings, ridge bifurcations, short ridges, islands, spurs, and crossovers., etc, as will

be apparent to those skilled in the art.

The feature points may further comprise one or more of pores, dots, incipient ridges, and

ridge edge protrusionsA to further test and train the abilities of latent print analysts.

Advantageously, the background image may comprise at least one of texture and
_patterning. The texture and patterning may be designed to increase the difficulty of
identifying and classifying feature points of the -generated synthetic latent fingerprint image,
~ and/or may be designed to simulate a surface of an object upon which a fingerprint may be °

left and a latent fingerprint image developed.

The term Region pertains to a non-trivial area of fhe fingerprint imagé (and in practice is
a region within a boundary defined by the fingerprint in the fingerprint image). For the
purposes_ of this invention a transformation step is applied differentially to two non-
overlapping regions, or only to one of two non-overlapping regions. The regions may be
neighbouring or distal within the image, and there may be further regions where the
- transformation step is further applied differently or to a different extent. The application of
the transformation may vary in the extent it is applied according to a smdoth function (for

example in the case of rotational smearing where the amount of smearing varies smoothly

5.
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with position) and it is only necessary to be able to identify two non-trivially sized (e.g. large
enough to for a feature point to at least originally have been identifiable therein) regions
where the transformation has provided a different effect or an effect to a different degree

therebetween.

Uniform changes such as changing the contrast ratio or brightness or position or overall
orientation of the image do not provide this, and neither do uniformly adding image noise or
a background pattern or linearly stretching or compressing the image. However rotational -
-srnearing does so, because the amount of smearing.varies depending on proximity to an axis

of rotation thereof.

Optionally the invention includes the step of manually training a trainee latent fingerprint
analyst to analyse latent fingerprints, this step including presenting the trainee with a
synthetic latent fingerprint image as genereted in the above method, requiring the trainee to
attempt to identify and/or classify feature points in the latent fingerprint image, evaluating
feature points identified by the trainee against the known feature points, and informing the

trainee of feature points he or she failed to identify or classify correctly.

According to another aspect of the invention there is provided a computer program

’ pr'oduct to configure a computer to perform the method of generating Synthetic latent
fingerprints of the first aspect of the invention. The computer program product may for
example be embodied in a computer readable Storage medin storing the computer program for
Conﬁguring and controlling a computer to perform the above-described methods, or the
computer program product may be in the form of a digital network signal transmitted to the

computer via a communications network such as the Internet.

According to another aspect of the invention there is provided a synthetic latent -
ﬁngerprint image generator for generating synthetic latent fingerprint images for permitting
the manual training of a fingerprint forensic analyst trainee, the manuali training including the
trainee identifying feature points of the synthetic latent fingerprint image and including
assessment of a level of succes‘s of the trainee by comparison of positions of potential feature
points identified by-the trainee against the positions of the outputted feature points., the B

synthetic latent fingerprint image generator comprising:
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- an input for receiving an initial fingerprint image and positions of feature points |
within the initial flngerprlnt image;

- a processor configured to transform the initial ﬁngerprint image onto a background
image to provide a synthetic latent fingerprint image this including transforming one reg1on
of the fingerprint image differently than a separate region of the fingerprint image; and to
map the positions of the feature points within the initial fingerprint image to positions of the -
feature points within the synthetic latent f‘ingerprint image, based upon. the transforrning; and
- an output for outputting the synthetic latent fingerprint image with-the positions of the

feature points that are within the synthetic latent ﬁngcrprint image.

Brief Description of the Drawings

Illustrative embodiments of the invention will now be described by way of example-

only and with reference to the accompanying drawings, in which: '

Fig. 1 shows a flow diagram of a method according to an embodiment of the
invention,; ‘ _

Fig. 2 shows a schematic diagram of a computing device configured as a synthetic
latent fingerprint image generator for performing the method of Fig. 1; |

~ Fig. 3 shows a plain fingerprint image having feature points, the plain fingerprint
image and feature points suitable for use as an initial fingerprint image and initial feature
points in the method of Fig. 1;
Fig 4 shows a schematic diagram of an orange bottle having an patterned label;
Fig. 5 shows a synthetic latent fingerprint i 1mage based on transforming the plain
fingerprint image of Fig. 3 onto the patterned label of Fig. 4, according to a first type of
trnnsformation;

Fig. 6 shows a synthetic latent fingerprint image based on transforming the plain
fingerprint image of Fig. 3 onto the pattcmed label of Fig. 4, according to a second type of
transformation. |

Fig. 7 shows a synthetic latent fingerprint image based on transforming the plain
fingerprint image of Fig. 3 onto the patterned label of Fig. 4, according to a third type of

* transformation;
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Fig. 8 shows a synthétic latent fingerprint image based on transforming the plain
| fingerprint image of Fig. 3 onto the patterned label of Fig. 4, according to a fourth type of
transfermation. ' | '
V Fig. 9 shows a rotation and reduction of the plain fingerprint image of Fig. 3, the
rotation and reduction forming a first step of fifth and sixth types of transformation;
Fig. 10 shows an image of a pressure map that is used in the fifth and sixth types of
" transformation,; |

Fig. 11 shows an intermediate image of the fifth and sixth types of transformation, the
intermediate image generated by applying the pressure map of Fig. 10 to the rotated and
reduced paih fingerprint image of Fig. 9;

Fig. 12 shows a synthetic latent fingerprint image based on superimposing the
intermediate imége of Fig. 11 onto the patterned label of Fig. 4, according to the fifth type of
transformation;

Fig. 13 shows a further intermediate image of the sixth type of transformation, the
further intermediate image generated by applying motion blur to the intermediate image of
Fig. 11; and _

Fig. 14 shows a synthetic latent fingerprint image based on superimposing the further

 intermediate image of Fig. 13 onto the patterned label of Fig. 4, according to the sixth type of

transformation.

Detailed Description

| An embodiment of the invention will now be described with reference to the flow

diagram 6f Fig. 1 and the schematic diagram of Fig. 2.
.

The schematic diagram of Fig. 2 shows a computing device CD, for example a
personal computer. The computing device CD compﬁses a précessor’uP and a memory MRY
for use by the pfocessor. The computing device CD has an input IP such as a connection to a
~ network, disk drive, or scanner. The compufing device CD also has an output OP, such as a

connection to a network, disk drive, or printer. The computing device CD has been _
con-figureci using a computer software program product to cafry out the method shown in Fig.
1.
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Referring to Fig.1, in a first step 2 the computing device CD receives an initial
fingerprint image from the input IP, for example by requesting it from a network. A set of
initial feature points of _the initial ﬁngerprint image is also received, either along with the
 initial ﬁngerprint image, or by an experienced fingerprint analyst analysing the initial

fingerprint image and entering the initial feature points into the compnting device manually.

In a subsequent step 4, the processor uP of the computing device transforms the initial
fingerprint image onto a background image that is retrieved from the memory MRY,
including transforming one region of the fingerprint image differently than a separate region
~ of the fingerprint image. This results in a Synthetic latent fingerprint image which may be
nseful in a training pr.ogram.‘The background image is typically an image of a surface upon

- “which fingerprints may be found, for example a surface of a door handle or a carry crate.

- In a step 6, the processor uP maps the positions of the initial feature points to
positions where the same feature points will be found in the latent fingerprint image. The
mapping is based on the operations that were carried out on the initial fingerprint image to
transform it onto the background image. The mapped feature points therefore designate the
positions within the latent fingerprint image where the feature points of the initial fingerprint .

image will be found.

" In a final step 8, the processor uP outputs the transformed image, which is the
synthetic latent fingerprint irnage, to the output OP, for example by sending the synthetic
latent fingerprint image over a network. The mapped feature points are also output to the
output OP, along with the synthetic latent fingerprint image. The synthetic latent fingerprint
image can then be presented to trainee latent fingerprint analysts with an instruction to
identify and classify the feature points within the synthetic latent ﬁngerprint irnage, and with

the mapped feature points constituting the correct answers to that instruction.

In alternate embodiments, the step 6 may be carried out before the step 4, or the steps
4 and 6 may be performed substantially simultaneously to one another. The processor uP is
configured to randomly select and apply differing types and degrees of transformations to the
initial fingerprint image when transforming the initial fingerprint image onto the background
image, such that the steps 4‘, 6, and 8 can be repeated again and again to keep producing new

. synthetic latent fingerprint images.
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Fig. 3 shows a plain fingerprint image 10. The plain fingerprint 10 is a high-quality
. fingerprint image as may be obtained in a laboratory from a person willingly providing their
fingetprint. The plain fingerprint image covers substantially the whole of the person’s

fingertip, and is clearly defined on a uniform (typically white) background.

There are five feature points that have been highlighted on the plain fingerprint image
of Fig. 3, at the positions of five features 11, 12, 13, 14, and 15. The feature 11 is the
termination of a finger ridge approaching from the bottom right sidé of the image, the feature
| 12 is the termination of a finger ridge approaching frprri" the bottom left side of the image, the
feature 13 is the joining together of two fingér ridges approaching from the bottom left side
of the image, the feature 14 is the termination of a finger ridge approaching from the bottom
of the image, and the feature 15 is the termination of a finger ridge approaching from the

bottom right of the image.

Each feature point comprises a position where the corresponding feature (minutia) is
present in the image, and in this particular embodiment further cbmprises the type of the
feature, so that trainee latent fingerprint analysts can be tested on identifying the feature type

as well as identifying the feature position.

In the method of Fig. 1, the plain fingerprint image 10 is suitable for use as an initial
- fingerprint image, and the feature points marked on Fig. 3 are suitable for use as initial

feature 'points..

Fig; 4 shows a diagram of an Orange drink bottle 20 having a patterned label 22. The
Orange bottle 20 simulates a typical surface upon which latent ﬁngerprint images may be
found, and may be used in conjunction with the plain fingerprint image 10 of Fig. 3 to
synthesise synthetic latent fingerprint images according to the following illustrative
embodiments of the invention. In particular, the surface region 24 of the patterned label 22 is
used as a background image 25 in the following four different types of transformations,

which are described below with reference to Figs. 5 — 8.

Fig. 5 shows a synthetic latent fingerprint image 30 generafed from the plain

fingerpriﬂt image 10 and the background image 25 using a first type of trénsformation. The

10
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transformation comprises slightly rotating the image 10 anticlocl;wise, reducing the rotated

" image in size to increase the diffinulty of identifying features, faintening and removing the
area 32 of the irnage'fo simulate light fingertip pressure at the area 32, and adding noise 34 to
the upper fifth of the image to simulate imperfect latent fingerprint generation techniques.
Finally, the image was superimposed on the background image 25 to give the synthetic latent

ﬁnge_rprint image 30.

The feature points of the plain fingerprint.image 10 are mapped according to the same
transformations as described above, and the piisitions of the features 14 and 15 in the |
synthetic iatent fingerprint image 30 are marked on Fig. 5. Specifically, the feature points of
features 14 and 15 in the plain fingerprint image are rotated about one another with the same
_ rqtation as in the above transformation, the feature points are moved closer to one another
according to the reduction of the image size in the above transformation, and the feature
points are defined with respect to the background image in the above superimposition. The
above transformation steps of faintening and noise addition clearly do not have any influence

on the positions of the features, and so are not taken into account when performing the

mapping.

The synthetic latent fingerprint image 30 could be presented to a trainee latent
- fingerprint analyst with an instruction to identify feature points, and the identified feature
points could be compared against the mapped feature points above for training purposes, for

example to evaluate the trainee latent fingerprint analyst’s performance.

Fig. 6 shows a synthetic latent fingerprint image 40 generated from the plain
fingerprint image 10 and the background image 25 using a second type of transformation.
- The transformation comprises rotating the image 10 clockwise by around 180 degrees,
removing the area 42 of the image to simulate a smearing of the fingertip across the surface,
and adding noise 44 to the bottom left and upper right corners of the image to simulate
imperfect latent fingerprint generation techniques. Finally, the image ‘\‘zvas superimposed on

the background image 25 to give the synthetic latent fingerprint image 40.

The feature points of the plain fingerprint image 10 are mapped according to the same
transformations, and the positions of the features 12, 14, and 15 in the synthetic latent

fingerprint image 40 are marked on Fig. 6.

11
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'Fig. 7 shows a synthetic latent fingerprint image 50 generated from the plaih
fingerprint image 10 and the background image 25 using a third type of transformation. The
transformation comprises rotating the image 10 clockwise by around. 145 degrees, reducing
the rotated image in size to increase the difficulty of identifying features, cropping away the
- area 52 of the image to simulate only a central region of the fingertip touching the surface,
and adding noise 54 to the upper right corner of the image to simulate imperfect latent
ﬁngerprim generation techniques. Finally, the image was superimppsed on the background

image 25 to give the synthetic latent fingerprint image 50.

~ The feature points of the plain fingerprint image 10 are mapped according to the same
transformations, and the positions of the features 11, 13, and 15 in the synthetic latent

fingerprint image 50 are marked on Fig. 7.

Fig. 8 shows a synthetic latent fingerprint image 60 generated froni the plain
fingerprint image 10 and the background image 25 using a fourth type of transformation. The
transfbrmation comprises rotating the imalgé 10 clockwise by around 170 degrees, reducing
the rotated image in size to increase the difﬁculty of identifying features, compressing the
right side of the rotated image but not the left side (a non-linear transform) to sitﬁulate
compression and squidging together of the fingerprint ridges of the fingertip at the right side’
of the rotated image, and adding noise 64 to the upper right corner of the image to simulate
imperfect latént fingerprint generafion_ techniques. Finally, the image was superimposed on

the background image 25 to give the synthetic latent fingerprint image 60.

The feature points of the plain fingerprint image 10 are mapped according to the same
transformations, and the positions of the features 11 and 15 in the synthetic latent fingerprint

image 50 are marked on Fig. 8.

Further details on how the various image transformations éould be performed will
now be described with reference to Figs. 9 to 14, and in relation to fifth and sixth types of
image transformation. According to the ﬁfthi and sixth types of image transformation, the
plain fingerprint image 10 is rotated anticlockwise by around 115 degrees, and reduced in
size to provide a rotated and reduced plain fingerprint image 70 that is shown in Fig. 9. The

feature péints of the plain ﬁngerprint image are also rotated and reduced by the same

12
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amounts, to provide rotated and reduced feature points that designate the positions of the

features 11 — 15 of the rotated and reduced.pain fingerprint image 70.

- - Then, a pressure map 80 that is shown in Fig.10 is generated. The pressure map
defines pressures at which a simulated fingertip touches the surface region 24 of the Orange
bottle 20, and comprises white areas where the fingertip presses against the surface region 24

with high pressure, and black areas where the fingertip either presses against the surface
region 24 with lower pressure or does not press against the surface region 24' at all. Clearly,
in practice, the pressure map would have more pressure graduations than just the two black -
and white pressure graduations shown in Fig. 10. For example, a greyscale pressure map with -

256 pressure graduations may be used.

Next, the pressure map 80 is applied to the rotated and reduced plain fingerprint
image 70, which results in the intermediate fingerprint image 90 that is shown in Fig. 11. The
areas of the rotated and reduced plain ﬁngerprint image 70 that the pressure map 80 indicates
the simulated fingertip contacts the surface region 24 with high pressure (white) are
mamtamed in the intermediate fingerprint i image 90, and the areas of the rotated and reduced
plain fingerprint image 70 that the pressure map 80 indicates the simulated ﬁngertip contacts
the surface region 24 with low pressure (black) are removed in the intermediate fingerprint
image 90. The rotated and reduced feature points remain unchanged by this step. The features
11, 12, 14, and 15 that are within still-visible parts of the fingerprint image are indicated on
Fig. 11.

Subsequently, according to the fifth type of transformation, the intermediate
fingerprint image 90 is superimposed onto the background image 25, for example by adding
the images together. This results in a synthetic latent fingerprint image 100 that is shown in
Fig. 12. The rotated and reduced feature points then are defined with respect to the synthetic
latent fingerprint image 100, by translating them from a co-ordinate system of the
intermediate fingerprint image 90 to a co-ordinate system of the synthetic latent fingerprint
image 100. No changes to‘the rotated and reduced feature points may be required if the
background image was the same size and orientation as the intermediate fingerprint image 90,

and therefore the same size and orientation as the synthetic latent fingerprint image 100.

13
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According to the sixth type of transformation, the intermediate fingerprint image 90 is
further transformed before superimposiﬂg it on the background image 25.In parti.cular, the
intermediate fingerprint image 90 is processed by a motion blur filter to produce a further

intermediate fingerprint image 110 that is shown in Fig. 12.

The -motion blur filter applies a smearing effect to the intermediate fingerprint image
90, to simulate smearing of a fingerprint that is left behind on the surface region 24 of the
Orange bottle 20, as the fingertip is withdrawn from the surface region 24 at a non-
perpendicular angle to the surface region 24. The feature points may be slightl.y translated in

the direction of motion blur and in accordance with the amount of motion blur that is applied.

~ Then, the further intermediate fingerprint image 110 is suberimpbsed upon the
background image 25 in just the same manner as described above in relation to the fifth type
of transformation, producing the synthetic latent fingerprint image 120 that is shown in Fig..

12,

The above embodiments are for illustrative purposes only, and greyscale or colour
images may be used in practice to greatly improve the intelligibility of the'images, rather than
the pure black and white images described herein. Many types of image processing ‘methods
in addition to those described herein may be used to produce image transformations that
simulate latent fingerprints, as will be apparent to those skilled in the art. Various other
embodiments of the invention falling within the scope of the appended claims will also be

apparent to those skilled in the art.
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CLAIMS

1. A method of generating a synthetic lafent fingerprint image and positions of feature .
points within the synthetic latent fingerprint image, comprising: .
- receiving an initial fingerprint image and positions of feature poirits within the initial
fingerprint image; ' '

- transfbrming the initial fingerprint image onto a background image to provide a
- synthetic latent fingerprint image this step including transforming one region of the |
fingerprint image differently than a séparate region of the fingerprint image; | '
- mapping the positions of the feature points within the initial fingerprint image to
positions of the feature points within the synthetic latent fingerprint image, based upon the
transforming; and . '
- - outputting the synthetic latent fingerprint image and the positions of the feature
points that are within the synthetic latent fingerprint image to enable the manual training of a
fingerprint forensic analyst trainee, the manual training including the traineé identifying
feature points of the synthetic latent fingerprint image and including assessment of a level of -
success of the trainee by comparison of positions of potential feature points identified by the

trainee against the positions of the outputted feature points.

2. - The method of claim 1, wherein transforming the initial fingerprint image onto the
background image comprises applying only a part of the initial fingerprint image onto the

background image.

3. The method of claim 1 or 2, wherein transforming the initial fingerprint image onto
the background image comprises at least one of re-sizing. and/or rotating a region of the mmal

fingerprint image dlfferentlally as compared to at least one other region of thereof.
4. The method of any preceding claim, wherein transforming the initial fingerprint

image onto the background image comprises alteringthe initial fingerprint image according

to a non-linear spatial transform.
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5. The method of any preceding claim, wherein transforming the initial fingerprint
image onto the background image comprises smearing a region of the initial fingerprint

image differentially as compared to at least one other region thereof.

6. The method of any preceding claim, wherein transforming the initial fingerprint
image onto the background image comprises adding image noise to a region of the initial

fingerprint image differentially as compared to at least one other region thereof. -

7. The method of any preceding claim, wherein the initial fingerprint image is a plain
fingerprint image comprising lines upon a uniform background, the linés corresponding to

ridges of a finger.

8. | The method of any preceding claim, wherein the output synthetic fingerpri'nt image |
and the positions of the feature points that are within the synthetic latent fingerprint image,
are used as an initial fingerprint image and positions of feature points within the initial
fingerprint image, in qrepetition of the steps of transforming, mapping, and outputting to

generate another synthetic latent fingerprint image.

9. The method of any preceding claim, further comprising repeating the steps of
transforming, mapping, and outputting a plurality of times, with varying transformations, to

generate a plurality of synthetic latent fingerprint images from the initial fingerprint image.

- 10. The method of any preceding claim, wherein the feature points comprise minutiae
points, the minutiae points being one or more of ridge endings, ridge bﬁfurcations, short

ridges, islands, spurs, and crossovers.

11. The method of any preceding claim, wherein the feature points comprise one or more

of pores, dots, incipient ridges, and ridge edge protrusions.

12.  The method of any preceding claim, wherein the backgfound image comprises at
least one of texture and patterning.
13. A computer program product to configure a computer to perform the method of any

preceding claim.
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14. The computer program product of claim 13, wherein the computer program product is
a computer readable storage media storing a computer program for configuring a computer to

perform the method of any one of claims 1 to 12.

15. A synthetic latent fingerprint image generator for generating synthetic latent
fingerprint images for permitting the manual training of a fingerprint forensic analyst trainee,
the manual training including the trainee identifying feature points of the synthetic latent
fingerprint image and including assessment.of a level of success of the trainee by comparison
of positions of potential feature points identified by the trainee against the positions of the
outputted feature points., the synthetic latent fingerprint image generator comprising:
- an input for receiving an initial fingerprint image and positions of feature points
W1th1n the initial flngerprmt image;
- a processor configured to transform the 1n1t1al fingerprint image onto a background
image to prov1de a synthetic latent fingerprint image this including transforming one region
of the fingerprint image differently than a separate region of the fingerprint image; and to
map the positions of the feature points within the initial fingerprint image to positions of the
feature points within the synthetic latent fingerprint image, based upon the transforming; and
- an output for outputting the synthetic latent fingerprint image with the pos1t10ns of the

feature points that are within the synthetic latent fingerprint image.
16. A method of generating a synthetic latent fingerprint and positions of feature points

within the synthetic latent fingerprint image, the method substantially as described herein

with reference to the accompanying drawings.
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