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ANALYSING AND GENERATING DISTORT ED FINGERPRINT IMAGES

This invention concerns improvements in and relating to comparisons,
particularly, but not exclusively to comparisons of biometric markers and the accounting
for distortion involved therein.

Various approaches for comparing a biometric marker, such as a fingerprint, from
one source with one from another source exist. Some such systems have attempted to
account on a case by case basis for the effects of distortion.

The applicant has developed a likelihood ratio based approach for such a
comparison and this takes into account the variation in representations of the same tinger
taken under different conditions.

The present invention has amongst its aims to provide additional data for such a

process, without undue burden 1n its generation.

According to a first aspect of the invention we provide a method of simulating the
effect of distortion on a representation of a marker, the method including

obtaining a plurality of representations from an individual, the representations
being subject to different distortions relative to one another;

describing the effect of the different distortions on the plurality of representations
using a function;

taking a further representatiornn from an individual and preferably another
individual, applying the function to that representation to generate one or more simulated

distorted representations.

According to a second aspect of the invention we provide a method of forming a
data set including distorted representations of a marker, the method including

obtaining a plurality of representations from an individual, the representations
being subject to different distortions relative to one another;

describing the effect of the different distortions on the plurality of representations
using a function;

taking a further representation from an individual, preferably another individual,
applying the function to that representation to generate one or more simulated distorted

representations;
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adding the one oxr more simulated distorted representations to a data set.

The first and/or second aspects of the invention may include any of the features,
options or possibilities set out elsewhere in this application, including from amon gst the
following.

The distortion may arise from one or more factors. The factors may be or include
the particular finger and/or the particular hand from which the representation arises. The
factor may be or include the gender and/or profession and/or height and/or size arad/or
weight and/or age of the person from whom the representation arises. The factor may be
the type and/or material and/or shape of the substrate on which the representation. arose.

The marker, preferably a biometric marker, may be a fingerprint, but may be a
palm print, ear print, footprint, footwear print or the like.

The plurality of representations may be obtained from the individual under
controlled conditions. The conditions may be controlled in terms of the finger used and/or
substrate used and/or pressure used and/or extent of distortion used. Preferably ome or
more repeats of each representation are obtained. Preferably at least 2 repeats and more
preferably at least 5 repeats are obtained for each of the different distortions. Preferably at
least 5 representations with different distortions are obtained from each individual.
Preferably a plurality of representations are obtained from a plurality of individuals.
Preferably at least 20 individuals are used, more preferably at least 40.

The function may be or include a non-linear function. The function may” be a
non-linear transformationn. The function may be or include one or more matrices. The
function may be defined, at least in part, by a comparison of a pair of the representations
having different distortions. The comparison may consider the position of one or- more
minutiae in each of the representations and/or consider the position of one or moxe points
on one or more ridges. The function may be defined, at least in part, by a thin plate spline
approach.

Preferably the method is applied to a plurality of different individuals to provide a
plurality of functions. Ome or more of the functions may be used to generate the simulated
distorted representations. One or more of the functions may be combined, for instance to
give a composite function. One or more of the functions may be combined to give a

general description of distortion. The composite function may be a composite matrix. The
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plurality of functions and/or composite function and/or composite matrix may be used to

oenerate one or more simulated distorted representations from a further represemtation.

The further representation to which the function is applied is preferabl y an
undistorted representation. The representation to which the function is applied may be
from a different individual to the individual or individuals that the distorted representations
are obtained from. Preferably a plurality of simulated distorted representations are
obtained from each representation, potentially nine or more, preferably 10 or m ore, ideally
25 or more. The function may be used to generate one or more simulated distoxted
representations for a plurality of individuals, ideally with the same function being used in
for each individual.

Preferably the simulated distorted representations are supplied to a data set,
ideally a data base.

Preferably the data set and/or data base is used in a comparison method,
particularly a comparison method in which a representation being compared is considered
against within finger variability and/or between finger variability. The data set and/or data
base may be used to form a probability distribution, for instance a probability distribution
related to the distance between different representations of the same marker and/or a
probability distribution related to the distance between different representations of
different markers.

Preferably the data set and/or data base is used in a comparison method,
particularly a comparison method in which a test representation from an individual is
compared with one or more of the simulated distortions in the data set and/or d ata base.
The comparison may indicate whether there is a match between the test representation and
one or more of the simulated distortions. The comparison may indicate whether there 1s no
match between the test representation and one or more, preferably all, the sirmalated
distortions.

The test representation may be from an individual of unknown identity. The test
representation may be £from a crime scene and/or a location which is investigated as part of
a criminal investigatiorn. The location may be a surface, for instance a wall, glass, floor or
the like and/or a part of an item, such as a tool, piece of furniture, weapon, glassware or the
like.

The further representation from an individual may be stored in a data set and/or

data base. The further representation is preferably already in the data set and/or data base
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before the test time. The further representation may be stored in the data set and/or data

base in the form in which it was taken. This may be an undistorted form. The further
representation may have the function applied to that representation to generate one or rnore
simulated distorted representations. These may be generated before and/or during the test
time. A plurality of further representations may be present in the data set and/or data base.
The data set and/or data base may be contain representations collected, for instance by law
enforcement authorities and/or during criminal investigations. The data set and/or data
base may be part of an automated fingerprint recognition system or be the data set and/or
data base therefrom. The undistorted representations in the data set and/or data base naay
be distroted prior to their use in the comparison.

The result of the comparison may be used to control a further operation. The
further operation may be the opening and/or unlocking and/or movement of an element, for
instance a lock and/or door and/or barrier or the like. The test representation may be a
representation obtained from an individual at a test time. The comparison may be macie at
the test time. The one oxr more simulated distortions and/or the data set and/or database
containing them may be generated in advance of the test time. The test time may be a
period of 5 minutes or less. The generation in advance may be at least 10 minutes 1n
advance of the start of the test time. The comparison is preferably of the test
representation in a distorted form with the one or more simulated distortions. The
individual from whom the test representation is obtained is preferably different to the
individual from whom the further representation is taken, and is ideally different from an
of the individuals from whom further representations are taken.

The method may be repeated for one or more different types and/or direction of
distortion. The one or more different types of distortion may include: distortion of andl/or
towards one end, for instance a top, of a representation; and/or distortion of and/or tovwards
another end, for instance a bottom, of a representation; and/or distortion of and/or towards
another end, for instance one side, of a representation; and/or distortion of and/or towards
another end, for instance another side, of a representation.

One or more functions may be provided. One or more functions related to or
specific to the finger which was the source of the representation may be used, for instance
where the finger is the thumb, first finger, index finger, third finger or fourth finger. One
or more functions related to or specific to the hand which was the source of the

representation may be used, for instance where the hand is the right hand or lefthand. One
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or more functions related to or specific to the gender of the person who was the source of

the representation may be used, for instance where the gender is male or female. One or
more functions related to or specific to the size of the person who was the source of the
representation may be used, for instance in respect of one or more hyped rannges for the
person. One or more functions related to or specific to the age of the person. who was the
source of the representation may be used, for instance with respect to one or more age
ranges. One or more functions related to or specific to the weight of the pexrson who was
the source of the representation may be used, for instance with respect to one or more
weight ranges. One or more functions related to or specific to the profession of the person

who was the source of the representation may be used.

According to a third aspect of the present invention we provide a method of
analysing a representation of a marker, the method including
obtaining a representation of a marker from a location;

processing the representation by applying a function to the represertation to
generate one or more revised representations, the function being obtained by a method
including:
obtaining a plurality of representations from an individual , the
representations being subject to different distortions relative to one
another; and
describing the effect of the different distortions on the plurality of
representations using a function;
comparing the one or more revised representations with one or moxe existing
representations to analyse the representation of a marker for a match with ome or more

existing representations and/or a lack of a match with one or more existing representations.

The various features, options and possibilities set out elsewhere in this
application, and in particular in the first and/or second aspects, are applicable to the third
aspect also.

The representation of the marker may be from an unidentitfied individual. The
representation may be obtained from a location which is a crime scene and/or a location

which is investigated as part of a criminal investigation. The location may be a surtace, for
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instance a wall, glass, floor or the like and/or a part of an item, such as a tool, piece of

furniture, weapon, glassware or the like.

The representation to which the functiaon is applied is preferably  a distorted
representation. The representation to which the function is applied may be from an
unknown individual.

The function may be used to generate one or more revised representations which
are, or are closer to being, an undistorted revised representation than the representation.
The function may generate one or more revised representations which are less distorted
than the representation. The function may also generate one or more revised
representations which are more distorted than the representation and/or distorted in
different ways compared with the representation.

The comparing of the one or more revised representations with one or more
existing representations may establish one or more matches. A match may be declared
where a revised representation and an existing representation have a measure ot similarity
above a threshold. A match may be used as evidence of a link between the individual who
is the source of the representation with the individual who is the source of the existing
representation to which there is a match. A match may be used as evidence of a link
between the individual who is the source of the representation and the location from which
the existing representation was obtained. A match may be used as evidence in a court of
law. A match may be used to control further analysis and/or investigations.

The comparing of the one or more revised representations with one or more
existing representations may establish one or more mis-matches. A mis-match may be
declared where a revised representation and an existing representation have a measure of
similarity below a threshold.

The one or more existing representations may be provided by one or more data

bases. One or more of the databases may include representations of markers from known

individuals and/or known locations.

According to a fourth aspect of the present invention we provide a method of
analysing a representation of a marker, the method including
obtaining a representation of a marker from a location;

providing one or more existing representations of a marker;
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processing one or more of the existing representation by applyinig a function to

the existing representation to generate one or more revised existing representations, the

function being obtained by a method including:
obtaining a plurality of representations from an individrual, the
representations being subject to different distortions relative to one
another; and
describing the effect of the different distortions on the plurality of
representations using a function;

comparing the representation with one or more of the revised existing 9

representations to analyse the representation of a marker for a match with one or more of

the revised existing representations and/or a lack of a match with one or more of the

revised existing representations.

The various features, options and possibilities set out elsewhere in this
application, and in. particular in the first and/or second aspects, are applicable to the fourth
aspect also.

The representation of themarker may be from an unidentified imdividual. The
representation may be obtained from a location which is a crime scene and/or a location
which is investigated as part of a criminal investigation. The location may be a surface, for
instance a wall, glass, floor or the like and/or a part of an item, such as a tool, piece of
furniture, weapon, glassware or the like.

The existing representation to which the function is applied is pretferably a non-
distorted representation. The representation to which the function is applied may be from
a known individual.

The function may be used to generate one or more revised existing representations
which are, or are closer to being, the representation than the existing representation. The
function may generate one or more revised existing representations which are more
distorted than the representation. The function may also generate one oxr more revised
existing representations which are less distorted than the representation and/or distorted in
different ways compared with the representation.

The comparing of the one or more revised existing representations with the
representation may establish one or more matches. A match may be declared where a

revised existing representation and the representation have a measure of similarity above a
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threshold. A match may be used as evidence of a link between the individual who is the

source of the representation with the individual who is the source of the existing
representation to which there is a match. A match may be used as evidence of a link
between the individual who is the source of the representation and the location from which
the existing representation was obtained. A match may be used as evidence in a court ot
law. A match may be used to control further analysis and/or investigations.

The comparing of the one or more revised existing representations with the
representation may establish one or more mis-matches. A mis-match may be declared
where a revised existing representation and the representation have a measure of similarity
below a threshold.

The one or more existing representations may be provided by one Or more data
bases. One or more of the databases may include representations of markers from known
individuals and/or known locations. The data base may be part of and/or be from and/or

be extracted from an automated fingerprint recognition system.

Various embodiments of the present invention will now be describ ed, by way of

example only.

The comparison of fingerprints, or other biometric markers, obtained from one
source with those obtained from another source is useful for a variety of puxrposes,
including in forensic science. In the forensic science context, the comparison may seek to
suggest that a representation of a finger mark from a crime scene is linked to a suspect.

The applicant has conducted research and developed an approach which seeks to
evaluate the strength of the link between a crime scene representation of a fingerprint and a
representation of a fimgerprint taken from a suspect and to present this evidence using a
likelihood approach. A significant issue in this approach and in other approaches to the
consideration of representations of fingerprints is the issue of distortion.

Whilst a suspect's print taken in a controlled manner, using preferred materials, 1s
fairly consistent in terms of the representation it gives between occasions, this 1s not the
case in crime scene cases. Representations of fingerprints left during day to day activities,
including those which are then associated with a crime, arise under a wide variety of

conditions. The pressure applied, movement during application, the substrate involved and
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a variety of other factors can all alter the form of the representation which arises when

compared with others left or with representations taken under controlled conditx ons.

In the approach taken by the applicant, detailed in applicant's UK paterat
application number GB0422784.9 filed 14 October 2004 and/or UK patent appl 1cation
number GB 0502900.4 filed 11 February 2005, the representations of interest ar-e
considered in the context of two dlata sets. A data set representative of the variation in
representations of fingerprints across the population (say based on 2000 fingerprints) and a
data set representative of the variation in representations of the same fingerprin€ with
specific distortion are used. The existing data set representative of the variatiora in the
representations of the same fingerprint with distortion has been compiled by talkcing a
fingerprint from a small number of individuals (say 4) and obtaining a number ©f
representations for them under a number of specific different conditions (say 9) with a
number of repeats for each (say 5). In order to ensure that the different individuaals are
considered under the same variati ons in conditions, an extremely time consumimg and
rigorous procedure is followed. Imn practical terms this limits the number of diff-erent
individuals and number of different conditions for each which can be considered.

Instead of physically samapling a large number of individuals, under vaxious
conditions and with repeats thereof, the alternative approach of the present invention
simulates a large number of speci fic distorted representations from an undistorted
representation. The undistorted representation is easy to collect or could even be obtained
from one of a number of existing data sets of such representations. The actual generation
of the specific distorted representations is performed by a computer and so is quick to
perform on a large scale. The simulation is repeated on a large number of undistorted
representations.

Using such an approach, the data set representative of the variation 1n
representations of the same fingerprint with distortion can be increased substan tially in
size with only a reasonable input effort. This means that the approach and stati stical
models which use this data set are more robust as a result, as more extensive testing and
validation is possible. An additional benefit comes from the approach enablings the
creation of very large data sets of distorted representations without the need for- physical
sampling. A powerful research resource results.

To be able to distort undistorted representations in an appropriate way, it 18

necessary to derive an appropriate description of the distortion process. To do this, the
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approach involves an initial investment in further physical representations of distortion. A

significant number of individuals, for instance 40, are used to provide a signiticant number
of distorted representations of their fingerprints, for instance 50 each. For each individual,
their representations and the distortion of them are then described using a non-linear
mathematical transformation. Such an approach is more accurate than some prior
approaches as the mature of the distortion itself is non-linear. In the preferred form the
approach establishees a matrix which describes the distortion. An example o1 such a matrix
description of distortion is to be found in Ross et al., Proceedings of the International
Conference on Biometric Authentication (ICBA) Hong Kong, July 2004 "LEs Zimating
Fingerprint Deformation” the contents of which are incorporated herein by xeterence.

Starting with a pair of representations, these are presented in a black and white
format, preferably skeletonised and subjected to appropriate cleaning and hevaling of the
representation. The minutiae locations are then determined and information. on them
collected for each representation using a suitable information format. The location 1n the
representation and orientation of the associated ridge and grayscale intensity” of pixels in
the vicinity may be captured in this way. The degree of correspondence between minutiae
in the two representations can then be obtained and quantitied using one or Imore
techniques, such as an elastic stringer matcher. Ridge curves can be extended from these
points and the degree of correspondence between points on the curves estab lished too.

The global effect of different distortions between the different representations on
these points is then considered. The Thin Plate Spline approach describes the dependence
of point positions on a thin metal plate with the physical bending energy applied to the thin
metal plate. The Thin Plate Spline approach is a parametric generalisation from rigid to
mild non-rigid deformations. The parameters of the Thin Plate Spline approach can be
obtained from a matrix equation and various approaches to the solution of the equation can
be taken. An average deformation model can be obtained from the techniquie.

In the Ross et al., paper, a number of representations of a marker of a particular
individual are taken. These are taken under generally similar but uncontrolled conditions
and so reflect the common extent of variation for that marker of that individual. The
results are used to form the average deformation model for that individual. "The average
deformation model can be considered as modelling the behaviour of the individual. The
average deformation model is used to distort the representation or "baseline impression” of

a particular individual before that is compared with the other, template representation of a
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particular individual. As a result, the comparison process 1s improved. No use of the

distorted representation is made outside of the one representation versus another
representation comparison for a particular individual. If another individual 1s to be
considered, then representations must be collected for him, an average deformation model
for that individual must be generated and that individual’s own average defornation model
is used in any comparison. Each model is individual specific, therefore, and the.e model for
one individual may be very different to the model for another.

In contrast, the present approach uses the description of specific distoxtion
provided by the matrix and takes it in an alternative direction. Firstly, it differs in terms of
the end use as that is to take undistorted representations, which are not involvesd 1n any
authentication process, and deliberately convert them to distorted representations. These
representations are then used together with other such distorted representationss to form a
data-set, and ideally to contribute to or validate the data set or probability distr-ibution used
in the technique of GB0422784.9 filed 14 October 2004 and/or GB0502900.4 filed 11
February 2005. This is a use and interest not involved in the Ross et al., process.

Secondly, the approach differs because the matrix arrived at for speci fic distortion
of an individual is considered together with the matrices arrived at from corresponding
distortions of a number of other individuals so as to provide a composite matrax descriptive
of distortion in a more general sense. The model of deformation is not specifi < to an
individual, therefore, but instead is applicable between individuals. The modelling of
distortion according to the invention can address distortion as a whole, but more preferably
o number of different models to cover different directions of distortion are geraerated. For
instance, a model for distortion of the top of the representation can be determimed and/or a
model for distortion to one side and/or another and/or the bottom can be deteramined. The
models can be used individually and/or together.

The composite matrix which results provides a detailed and appropriate
expression of how specific distortion alters representations in general. Assuch, it is then
possible to take an undistorted representation from an individual, who has not provided
distorted representations which have been physically collected and considered, and
simulate a series of distorted representations for that representation. Repeat teses of the
distortion matrix gives repeat distorted representations. All these are useful i terms of

contributions to the data set on between representation variability for the same tinger
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and/or person. The approach can equally well be applied to a set of ten representations

collected with one representation for each finger of the person.

Whilst a number of non-linear mathematical transformations are possible, and a
number of matrix based approaches are possible, the preferred matrix form 1s achieved
using a Thin Plate Spline approach referenced above. Many variations on that particular
way of describing the distortion are possible, however.

Whilst the approach 1s described above in the context of one, preferably
composite, matrix, it is possible to develop a range of stach matrices which are expressions
of distortion under various conditions. Thus a matrix for each gender and/or hand possible
for the person from whom the representation arises is possible. A series of matrices, with
individual matrices for different ages of the person from whom the representation arises, 13
possible. A series of matrices, with individual matrices for different weights of the person
from whom the representation arises, 1s possible. A series of matrices, with individual
matrices for different professions of the person from wh.om the representation arises, 1s
possible.

By way of validation, it 1s possible to take one ox more representations under
controlled conditions and apply the distortion matrix to them. The resulting distorted
representations can then be compared with real representations obtained under a variety of
conditions and hence subject to distortion of their own.

As well as providing a series of distorted representations for one or more
individuals, through simulation, so as to populate the data sets used 1n the comparison
process discussed above, the approach can be put to other uses too. In this respect it 1s
possible to use the general deformation model to establish a set of distorted representations
for an andividual from a control representation. This set then forms a pool of
representations against which attempt can be made to match a further representation from
that individual taken at another time. A match may be used to authorize entry through a
control barrier or the like.

By generating the pool in advance, the system may be able to establish the answer
to the match or non-match question quicker than if the further representation needs to be
considered for potential effects of distortion before trym g to match 1t with the undistorted
control representation.

The general deformation model obtained from th.e same individual may be used,

but it 1s preferred to use a composite general deformatiom model obtained by considering a
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plurality of individuals, who may or may not include the particular individual being

considered. This approach represents another use of a data set quickly generated by the
present invention.

The same general approach can be useful in the consideration of markers, such as
fingerprints, from crime scenes. The fingerprint obtained from a crime scene is generally a
distorted one. This needs to be compared with records, such as a data base, of fingerprints
which were collected under other conditions. Where these fingerprints were taken from
indivduals under controlled circumstances then these fingerprints are not distorted. Before
running a comparison process between the crime scene fingerprint and the data base
fingerprint, the general model of distortion can be used to distort the data base fingerprints.
The data base considered in this way may include data from existing data bases, such as
the data bases available as a component for or within automated fingerprint recognition
systesm, AFIS.

By modifying the general approach discussed above, a number of other possibilities
are opened up as well.

Firstly, it is possible to take a representation of a fingerprint from a crime scene
and provide an improved chance of being able to match it to another fingerprint. Thus the
crime scene representation could be entered into a computer system and then have the
description of specific distortion provided by the matrix applied to it in reverse. By doing
so a multiple of times it is likely that one of these applications will result in an undistortion
which matches the distortion which occurred when the crime scene representation was
created. In effect, an undistorted version of the crime scene representation is obtained.

This undistorted representation can then be searched against databases of existing
fingerprints which have been collected. A nnatch may provide an indication of a link
between the crime scene representation processed by undistorting it and another fingerprint
from a known individual and/or other crime scene or the like. A match would be unlikely
to occur if the distorted representation direct from the crime scene were compared with the
database. This information on a match can be useful evidence in itself and/or be useful in
directing further law enforcement investigations or the collection of further evidence.

The use of the above mentioned Thina Plate Spline approach is particularly useful in

this regard.
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CLAIMS
1. A method of simulating the effect of distortion on a representation of a marker, the

method including

obtaining a plurality of representations from an individual, the representations

being subject to different distortions relative to one another;

describing the effect of the different distortions on the plurality of repxresentations
using a function;

taking a further representation from an individual and preferably another
individual, applying th.e function to that representation to generate one or more simulated

distorted representatiomns.

2. A method according to claim 1 in which the function is or includes a non-linear

function.

3. A method according to claim 2 in which the function is a non-linear transformation.

4, A method accorxding to claim 1 in which the function is or includes one or more

matrices.

3. A method according to claim 1 in which the function is defined, at least in part, by

a comparison of a pair of the representations having different distortions.

6. A method according to claim 5 in which the comparison considers the position of

one or more minutiae in each of the representations and/or considers the position of one or

more points on one or 1more ridges.

7. A method according to claim 1 in which the function is defined, at least 1n part, by
a thin plate spline approach.

8. A method according to claim 1 in which the plurality of representations are
obtained from the individual under controlled conditions.
0. A method accoxding to claim 8 in which the conditions are controlled in terms of

the finger used and/or substrate used and/or pressure used and/or extent of distortion used.
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10. A method according to claim 1 in which one or more repeats of each representation

are obtained.

11. A method according to claim 1 in which a plurality of representations are obtained

from a plurality of individuals.

12. A method according to claim 1 in which the method is applied to a plurality of

different individuals to provide a plurality of functions.

13. A method according to claim 12 in which the two or more of the functions are

combined to give a composite function.

14. A method according to claim 12 in which two or more of the functions are

combined to give a general description of distortion.

15. A method according to claim 12 in which the plurality of functions and/or

composite function are used to generate one or more simulated distorted representations

from a further representation.

16. A method according to claim 1 in which the function 1s applied to a further

representation to generate one or more simulated distorted represenitations from a further

representation.

17. A method according to claim 16 in which the further representation to which the

function is applied being an undistorted representation.

18. A method according to claim 16 in which the representation to which the function
is applied is firom a different individual to the individual or individuals that the distorted

representations are obtained from.

19. A method according to claim 16 in which a plurality of simulated distorted

representations are obtained from each representation.



CA 02584611 2007-04-19
WO 2006/046052 PCT/GB2005/004164

16
20. A method according to claim 16 in which the fumction is used to generate one or

more simulated distorted representations for a plurality of individuals, with the same

function being used in for each individual.

21. A method according to claim 16 in which the sirmulated distorted representations

are supplied to a data set.

22. A method according to claim 21 in which the data set is used in a comparison
method in which a representation being compared 1s corasidered against within finger

variability and/or between finger variability.

23. A method according to claim 21 in which the data set 1s used to form a probability

distribution.

24. A method according to claim 23 in which a prob ability distribution relates to the
distance between different representations of the same mnarker and/or in which a
probability distribution relates to the distance between different representations of different

m.arkers.

25. A method according to claim 1 in which the method is repeated for one or more

different types and/or directions of distortion.

26. A method according to claim 1 in which the distortion arises from one or more of
the following factors: the particular finger from which the representation arises, the
particular hand from which the representation arises, the gender of the person from whom
the representation arises, the profession of the person from whom the representation arises,
the height of the person from whom the representation arises, the size of the person from
whom the representation arises, the weight of the persora from whom the representation
arises, the age of the person from whom the representation arises, the type of the substrate
on which the representation arose, the material of the swbstrate on which the representation

arose, the shape of the substrate on which the representation arose.
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27. A method of forming a data set including distorted representations of a marker,
the method including

obtaining a plurality of representations from an individual, the representations
being subject to different distortions relative to one another;

describing the effect of the different distortions on the plurality of representations
using a function;

taking a further representation from an individual, preferably another individual,

applying the function to that represenitation to generate one or more simulated distorted

representations;

adding the one or more simulated distorted representations to a data set.

28. A method of analysing a representation of a marker, the method including
obtaining a representation of a marker from a location;
processing the representation by applying a function to the representation to
generate one or more revised representations, the function being obtained by a method
including:
obtaining a plurality of representations from an individual, the
representations being subject to different distortions relative to one
another; and

describing the effect of the different distortions on the plurality of

representations using a function;

comparing the one or more revised representations with one or more existing
representations to analyse the representation of a marker for a match with one or more

existing representations and/or a lack of a match with one or more existing representations.

29. A method according to claim 28 in which the representation is from an individual

of unknown identitity and one or more of the existing representations are from individual s

of known identity.

30. A method according to claim 28 or claim 30 in which a match is used as evidence
of a link between the individual who 1is the source of the representation with the individual
who 1s the source of the existing representation to which there is a match and/or a match is

used as evidence of a link between the individual who is the source of the representation
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and the location from which the existing representation was obtained and/or a mat ch is

used as evidence in a court of law and/or a match is used to control further analysi s and/or

Investigations by or on behalf of a law enforcement authority.
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