@ AvaTekh signMine algorithm neoTROPY

signMine algorithm for conditioning and analysis
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We describe the signMine algorithm, which relates to methods for
conditioning, representation, modeling, and analysis of
variables, and is specially adapted for analysis of parametric line
objects such as human handwritten signatures. signMine has
applicability in all areas where signature identification and/or
verification is desirable or required. We also present the
signMine software package, which includes a searchable
signature database and is designed for performing signature
identification and/or verification.

In addition, we outline an approach to the analysis and modeling of
human image biometrics through analog representation.
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Part I. signMine algorithm
» Conditioning & Representation
* Analysis, Comparison, and Identification
« signMine at www.contourmine.com
Part Il: Analysis and modeling of biometric information
through analog representation
« Two-dimensional modulated linear densities
* Robustness vs. selectivity in comparison of densities
« Conclusion and future work
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Conditioning & Representation
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We would like to have:

« Piecewise-continuous ( ‘analog’)
curve (e.g., as a simple scalar
function of one variable)

* Independence from any choice of
coordinates and/or parameterization

* Invariance with respect to such
transformations as translation,
rotation, and (isotropic) scaling
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We typically have:

« Coarse and/or noisy digital record

« Discrete anisotropic grid (e.g., in 2D
Cartesian coordinates)

* Uncertain segmentation

* Uncertain scale, position, and
orientation

» lrregularities (i.e., vanishing speed)
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Typical steps of conditioning and representation:

« Robust (coincidence) segmentation
« Smoothing and/or tangential interpolation in order index

» Intrinsic equation and other analog representations of a piecewise-

continuous curve
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Robust (coincidence) segmentation
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Smoothing and/or tangential interpolation in order index
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Smoothing and tangential interpolations

i, 1+ 1

‘quadratic’ kernel

Tangential interpolating curves
constructed using quadratic and cubic
kernels

Tangential (upper panel) and smoothing (lower
panel) interpolations with a quadratic kernel
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Intrinsic equation and other analog representations of
a piecewise-continuous curve

Intrinsic (Whewell) equation:

z(s) = / ds’ e'?s) 4 Z 8l(s;) €59 9(s — ;)
0 i

Same, but kinematic description:

t
2(t) = / dt’ $(t') &) + " 5lU(t;) ' PU) 0(t — )
L i

Other representations: ...
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Analysis, Comparison, and ldentification
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Typical steps of analysis, comparison, and identification:

« Construction of various (e.g., circular and linear)

distributions and their respective densities

» Introduction of various descriptive statistics and distance

measures
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Example of a general modulated distribution:

Jods K(s) Fap [D — x(s)]
[ods K (s)

&(D) =

b,
where K(s) is a unipolar modulating signal, and

Algﬂo Fan(x) = 0(x).
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Examples of angular and linear distributions and their respective densities
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Examples of comparison through two-sample statistics

¥, (Watson) =s (Watson) =; (Watson)

=t (Watson)

Fs (Cramér-von Mises) Fj (Cramér-von Mises) G (Cramér-von Mises) Gt (Cramér-von Mises)
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Example of combined percentile comparison
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signMine at http:/www.contourmine.com

signMine includes (i) signature acquisition tools, (ii) a searchable
signature database (the signMine engine), and (iii) an online
interface
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Screenshot of the upload module
£ signMine - Microsoft Internet Explorer ~o&d
Ple EdR  Vew Favorkes Tooks Mebp a’.“
Qe - © ¥ [ @ B P Jrrones @uete @ 2-05 B - ) W B LS
Address | 8] hitp:/www.contourmine, comfadmin, pho E]Go ks ® &~
d I 7'/
NN o \/ £ / 7,
AA I /) ‘(
[HOME]l [LOGOUY] | Admin: [UPLOAD ] [LISY] [LYERIFICAYION] [USERS ]
Upload Image:
*All Fields are Required!
CAcontourSore\CRGaudreau2 tablat
Descriptive label:
CRGaudreaud
File type
toblat v
£ © et
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Screenshot of the list module

€] signMine - Microsoft Internet Explorer u[g]
File Edit View Favorites Tools Help o
@ Back v (&g \ﬂ @ f h ; ) Search \i\\“( Favorites e\ Media e} L:Z v 1’. S J ‘3 [;E
Address .@http:waw.contourmine.comj‘admin.php?PAGE:Iist.php [7| Gol |llinks' % @ >
[HOME] [LOGOUT] | Admin: [UPLOAD ] [LIST] [IDENTIFICATION ] VERIFICATION [ USERS ] )

Select a table: E‘
’ contourlmage [Vl
[ List Table Values ] [ Regenerate Statistics ] [ Refresh
Table: contourImage
‘ imageld | imageLabel i imageExtension ’ imageBloh 1 imageType imageDate
. - 2004-03-04
Delete 38 AVHendrickson tablet /& ,/ o 74.,;{,.4/\ tablet 19-14-58
Z i/ 2004-03-04
. £ -03-
Delete 39 JHLohmeter tablet }V %_’_“\\ tablet 19-154%
e |
. 2004-03-04
Delete 40 JHL ohmeier tablet tablet 19:15:55
. 2004-03-04
Delete 41 JHL ohmeier tablet tablet 19-16.00 | |
v
@ http: ffwww . contourmine.comfadmin. php?PAGE=upload.php # Internet
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Screenshot of the identification module

€] signMine - Microsoft Internet Explorer [:_][Q_]
"

File Edit View Favorites Tools Help

@Back ~ 1 \_) \ﬂ @ ‘b /ﬁ/ Search \;\3 Favorites el'v'ledia i‘\ ;:{v ‘;_ < ,j ‘3 [;E

Address @ http: i, contourmine.comjadmin. php?PAGE=identification.php EI Go Links @ v
[HOME] [LOGOUT] | Admin: [UPLOAD ] [LIST] [IDENTIFICATION] VERIFICATION [ USERS ] [ﬂ

Compare Image:
:C:\contourStore\CRGaudreau3.tablet

Your signature:

=

Your Results:
’ imageld | imageLabel | imageExtension | imageBlob | imageType Similarity

123 | CRGaudreau tablet % tablet 100 b

125 | CRGaudreau tablet -@’/f tblet 94.123191157295
/-_
8 | CRGaudrean tablet wblet (89.978807136977

88 CRGaudreau tablet %;- tablet |87.580480935857
&)

&] Done ® Internet
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Two-dimensional modulated linear densities
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2D density of a line drawn by a realistic instrument

The modulated linear density function ®(R) of a line drawn by a
writing utensil with the tip profile f; can be represented as

B(R) = 1 [ atp(®) O] £ (R~ x(0))

where u(r) is the modulating parameter along the line
of uniform density, |#(7)| is the speed of the movement
of the tip, T is the duration of writing, and

M=Lammwn

is the total “pseudomass” of the trajectory.
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4
Example: Pen with radial tip profile  f.(r) = — 0(d — 2r)
iy

Density of ink left on paper:

T
B(R) = W;;A/O dt (1) 0 (d — 2|R — r(2)]) ,

T
where A:/ dt \(¢) is the total amount of used ink
0

Notice that in this example the modulation is expressed as

p(t) = A(t)/]E()]

and thus the thickness of the line (the amount of ink per unit length) is
inversely proportional to the speed of movement of the pen
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Computation in finite differences:

Given a relatively short parametric record of a line (typically of order 103
points), we convert this record into a high resolution image which can be
numerically treated as a continuous object. This can be done through a
convolution with a kernel f, (representing the writing utensil and/or the
reading instrument) such that its characteristic width is large in
comparison with the cell of the spatial grid R;;:

N
Zk=1 HE |rk—|-1 — I'k—1| fa (lR'l.’) — I'k|)

P(R;;) =
SN bk kg — e
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Comparison of densities using statistic

1 o)
12Q:1—5/ dzr |‘I’1(I‘)—‘I’2(I‘)|ZO,

— OO0

where

PR) =F,R) «3®R) " I_lal 71]0 ;
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Robustness vs. selectivity in comparison of densities
B ' F.(R)
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Conclusion:
» The signMine algorithm uses analog representation for conditioning,
modeling, and analysis of human handwritten signatures

« The algorithms and techniques developed in signMine can be used to
analyze and model other image biometrics (fingerprints, facial
characteristics, etc.)

Future work may include:
— Formalizing the approach for implementation of a self-learning data
storage
— Building a larger database of signatures (possible artificially
generated) to test the scalability and robustness of the algorithm

— Extending the applicability of the algorithm by developing tools for
signatures acquired from flatbed scanners and touch screens
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