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Indicar las personas que han participado en el proyecto subvencionado, asi como la entidad a la
que pertenecen

Apellidos, nombre DNI Institucion a la que pertenecen
Aythami Morales Moreno (IP) Universidad de Las Palmas de Gran Canaria
Moisés Diaz Cabrera (Co-IP) Universidad de Las Palmas de Gran Canaria
Miguel Angel Ferrer Ballester Universidad de Las Palmas de Gran Canaria
JesUs Bernardino Alonso Hernandez Universidad de Las Palmas de Gran Canaria
Esther Gonzélez Sanchez Universidad de Las Palmas de Gran Canaria
Zendn Jose Herndndez Figueroa Universidad de Las Palmas de Gran Canaria
Juan Carlos Rodriguez Del Pino Universidad de Las Palmas de Gran Canaria
José Daniel Gonzélez Dominguez Universidad de Las Palmas de Gran Canaria
Cristina Carmona Duarte iEducApps
Patricia Henriquez Rodriguez Universidad de Las Palmas de Gran Canaria
Arturo Gomez Garcia Hospital Universitario de Gran Canaria Dr. Negrin
Antonio Déniz Caceres Hospital Universitario de Gran Canaria Dr. Negrin
Juan Carlos Lopez Fernandez Hospital Universitario de Gran Canaria Dr. Negrin
Carmen Marrero Falcon Hospital General de Fuerteventura
Marina Morales Moreno Auténoma
Marina C. Ruiz Garcia C.E.I.P. Sardina del Norte
Maria del Pilar Rosales Morales C.E.1.P. Orobal
Rita Maria Sosa Hernandez C.E.1.P. Orobal
Yurena Lépez Arencibia C.E.L.P. Claudio de la Torre
Rito Martin Diaz Ceperic S.L.

1. Resumen y objetivos del proyecto.

La escritura forma parte de la sociedad humana desde los siglos XVIII y XVI a. C. y ha sido
fundamental en su desarrollo como especie. La forma en la que una persona escribe viene definida por
aspectos culturales como la educacion o el pais de pertenencia y por aspectos neuromotores propios de
cada individuo. Es este segundo aspecto el que promueve la gestacion de este proyecto. En el proceso de
escritura intervienen factores muy sensibles tanto neurolégicos como motores. La capacidad cognitiva y
de representacion espacial del individuo marcan la forma en la que éste escribe y cambian a lo largo de la
vida del mismo. Estas manifestaciones del sistema neuromotor a través de la escritura dan indicios del
desarrollo neurolégico de un nifio, del estado de patologias neurodegenerativas en un adulto o de la

evolucion ante tratamientos médicos, entre otros. El segundo factor que interviene en la escritura es el
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motor y de igual forma varia a lo largo de nuestra vida. Los factores motores implicados en la escritura se
ven muy afectados por el estado fisico y conductual de la persona y también influyen en la forma en la
que escribimos. Asi pues, el analisis de las caracteristicas motrices de la escritura se utiliza en la
biometria para la identificacion de personas, en tratamientos de rehabilitacion, en deteccion del

consumo de sustancias prohibidas, en el diagnostico de enfermedades o perfiles de criminalistica, etc.

Las distintas pruebas utilizadas para evaluar la escritura son conocidas tradicionalmente como test de
escritura. ElI nimero de profesionales que hacen uso de este tipo de test es muy amplio y abarca
profesionales de la educacion, sanidad, documentoscopia forense e ingenieria. Los test de escritura se
basan en evaluaciones cualitativas hechas por cada uno de los especialistas. Estas valoraciones presentan
el inconveniente de que la decision se centra en gran medida en la habilidad del profesional, el cual puede
no ser accesible a un gran volumen de usuarios o estar limitada por su formacion o experiencia entre otros

muchos factores.
El presente proyecto multidisciplinar pretende utilizar conceptos del analisis biométrico para

analizar de forma cuantitativa y automatica los procesos de generacion de la escritura.

Se ha reunido a profesionales de diferentes disciplinas que trabajen entorno a la escritura. El proyecto
supone una oportunidad de dinamizacién y busqueda de sinergias, todo ello a partir de la herramienta a
desarrollar para el modelado de la escritura. ElI uso en estos &mbitos de gran calado social hace

presuponer una gran repercusion y visibilidad.

El presente proyecto se ha desarrollado contando con la opinién de entidades publicas y privadas que
puedan estar interesadas en él. Como fruto de este trabajo, se han obtenido cartas (ver anexos adjuntos) en
las que se manifiesta formalmente el interés en la tecnologia a desarrollar. Las entidades interesadas
incluyen a dia de hoy (se espera aumentar el nimero durante el desarrollo del proyecto):

e Unidad de psiquiatria del Hospital Universitario de Gran Canaria Dr. Negrin.

e Unidad de rehabilitacion del Hospital Universitario de Gran Canaria Dr. Negrin.

¢ Unidad de neurologia del Hospital Universitario de Gran Canaria Dr. Negrin.

e Unidad de neurologia del Hospital General de Fuerteventura.

e Ceperic S.L. (Empresa dedicada a la documentoscopia forense).

e C.E.ILP. Orobal, de la consejeria de Educacion del Gobierno de Canarias.

e C.E.I.P. Sardina del Norte, de la consejeria de Educacion del Gobierno de Canarias.

e C.E.L.P. Claudio de la Torre de la consejeria de Educacién del Gobierno de Canarias.
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Para resolver la ejecucion del proyecto se plantean una serie de objetivos iniciales. Los principales

objetivos del proyecto incluyen:

e |dentificar las caracteristicas medibles de un usuario a través de la escritura, las cuales son
capaces de ser capturadas en un entorno multiplataforma. La trayectoria de las sefiales (X, y)
podrén ser capturadas por un PC con un raton y/o una tableta digitalizadora ademas de por
cualquier dispositivo tactil como Smartphone o tablets. Este objetivo se llevara a cabo a través de
reuniones previas con las distintas sensibilidades multidisciplinares que forman el equipo de
trabajo. Durante esta fase se estipulara el conjunto de tests de escritura disponibles en la
aplicacion web.

o Establecer relaciones entre medidas objetivas de escritura de personas de control, las cuales son

aceptadas en diferentes estudios encontrados en la comunidad cientifica.

e Desarrollar un modelo de la generacion de escritura manuscrita que se ajuste a la realidad. Toda

la informacion generada se pondréa a disposicion publica para su uso cientifico o educativo.

2. Descripcion de la relacion de actividades desarrolladas durante la ejecucion del proyecto.

e Estudio biométrico de la escritura de las personas: se ha utilizado un sensor médico para analizar
el sistema motor de 10 individuos mientras realizan actividades relacionadas con la escritura (por

ejemplo la firma).

e Modelado neuromotor de la escritura: se ha desarrollado un modelo neuromotor para la sintesis de
muestras de escritura manuscrita. Este modelo permite analizar los procesos de generacion de
escritura asi como generar bases de datos sintéticas que permitan un analisis de aspectos como el

envejecimiento, la discriminabilidad de usuarios o las enfermedades neurodegenerativas.

3. Describir las acciones de difusion y sostenibilidad del proyecto, aportando las evidencias

oportunas.

El reducido presupuesto con el que se ha contado ha limitado mucho las actividades de difusion. Aun
asi, se ha optado por dar la mayor visibilidad internacional posible al trabajo realizado y fruto de ello, se
presentd un trabajo en el congreso internacional de reconocido prestigio: 14th International Conference
on Frontiers in Handwriting Recognition, ICFHR 2014, celebrado entre 1-4 Septiembre de 2014, en
Hersonissos, Crete Island, Greece. El titulo del trabajo es: Cognitive Inspired Model to Generate

Duplicated Static Signature Images.
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Destacar que el trabajo fue premiado con el: “Best student paper award”, premio que reconoce la

labor realizada y el alcance cientifico de la contribucion.

Se adjunta una copia de las actas del congreso (ver anexos) en las que se puede tener acceso al articulo
y a los agradecimientos (pagina 66) en los que se cita como fuente de financiacién a la Fundacion

Hergar. También se adjunta una copia del premio recibido.

Se han publicado diferentes estudios enfocados en el modelado neuromotor de la escritura, los cuales
estan pablicamente disponibles en la web del grupo: http://www.gpds.ulpgc.es/.

Se ha puesto a disposicion de la comunidad cientifica una base de datos sintética de escritura
manuscrita generada a partir del modelo neuromotor propuesto (disponible en http://www.gpds.ulpgc.es/).

Esta base de datos supone un valioso recurso disponible para que la comunidad pueda seguir investigando

en esta importante area.

4. Indicar si se ha seguido la metodologia de trabajo propuesta o ha habido alguna
variacion.

Se ha seguido la metodologia propuesta en la memoria pero debido a ajustes presupuestarios, se ha

limitado en todo lo posible el gasto. Es por ello que la asistencia al congreso internacional se ha tenido

gue costear con fuentes de ingreso alternativas (Plan Estatal de 1+D+i) y no se ha podido celebrar las

Jornadas Multidisciplinares propuestas debido a la falta de financiacion del proyecto.

5. Indicar los 6rganos de evaluacion y seguimiento para la consecucién de los objetivos

fijados. Periodicidad prevista para el seguimiento e indicadores.

El seguimiento ha corrido a cargo de los Investigadores Principales (Dr. Aythami Morales Moreno y

Moisés Diaz Cabrera). El seguimiento ha constado de 3 etapas:

e Kick-off meeting (15 de Abril de 2014): una vez concedida la ayuda se realizd una reunion de

coordinacién para priorizar objetivos y ajustar la metodologia a la financiacion otorgada.

e Reunion de Control (15 de Octubre de 2014): a los 6 meses de la primera reunion, se celebré
una reunién de control para realizar un seguimiento de los objetivos iniciales marcados y evaluar
los primeros resultados. Con un articulo internacional ya publicado, se estimé que los objetivos

iniciales marcados habian sido cubiertos.

e Reunion de Cierre (aun por celebrar): una vez enviada la memoria final, se tiene planeada una

Gltima reuniéon de coordinacion para evaluar los resultados finales asi como la difusion de los
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mismos. Esta difusién final se espera financiar con el total del presupuesto otorgado (500 euros).

6. Indicar si se han identificado nuevas necesidades para alcanzar los objetivos del proyecto.

Las necesidades identificadas se centran en aspectos econdmicos. Realizar una difusién internacional

de los resultados es costoso y se ha necesitado acudir a otras fuentes de financiacion para poder cumplir

con los objetivos.

Con la liberacion de la segunda parte del presupuesto otorgado (250 euros) se espera poder costear la
elaboracion de una pagina web que de difusion internacional al proyecto y que sirva para crear
consciencia acerca de problemas tan criticos para la sociedad como son las enfermedades

neurodegenerativas.
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MEMORIA ECONOMICA

USTIFICACIONES

Debido a que la cantidad liberada en la primera fase (250 euros) limitaba mucho el margen de accidn. Se
ha decido esperar a la liberacién de la segunda fase (250 euros) para poder hacer frente a los costes de
creacién de una pagina web que promueva la difusién internacional al proyecto.

Firma del Investigadnnll:incigal: Firma del Investigador Co-Principal:

) : .

e —

~

Sello de la entidad:

En Las Palmas de Gran Canaria a 10 de abril de 2015
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Cognitive Inspired Model to Generate Duplicated Static Signature Images

Moises Diaz-Cabrera, Miguel A. Ferrer, Aythami Morales
Instituto Universitario para el Desarrollo Tecnologico y la Innovacion en Comunicaciones.
Universidad de Las Palmas de Gran Canaria, Spain.
Email: {mdiaz, mferrer, amorales} @idetic.eu

Abstract—The handwriting signature is one of the most po-
pular behavioral biometric traits for person recognition. Such
recognition systems capture the personal signing behaviour and
its variability based on a limited number of enrolled signatures.

In this paper a cognitive inspired model based on motor
equivalence theory is developed to duplicate off-line signatures
from one real on-line seed. This model achieves duplicated
signatures with a natural variability. It is validated with an
off-line signature verifier based on texture features and a
SVM classifier. The results manifest the complementarity of
the duplicated signatures and the utility of the model.

Keywords-Signature synthesis, Duplicated samples, Signature
verification, Biometric recognition

I. INTRODUCTION

Although many efforts are focused on improving the
Automatic Signature Verifiers (ASV) in handwriting signa-
tures, nowadays the recognition rates are not competitive
for industrial and commercial purposes. It implies that other
biometrics have been used in security and safety applications
such as the iris, palm-print or fingerprint.

A new effective trends both in static and dynamic sig-
nature recognition is the generation of synthetic signatures.
Biometric synthetic samples are being a real support to the
ASYV since they are effective to improve their performances
and do not require human donors. Sometimes, donors are
not keen on sharing their personal biometric traits because
it could compromise the security of their own identities.
Even, the acquisition and dissemination of public databases
including biometric information raise important legal and
security concerns. Moreover, capturing human signature
traits involve a large cost in effort and monetary terms.
Synthetic signatures appear as a solution to provide large
dataset for biometric applications including vulnerability
assessment, improving training set on supervised machine
learning, performance evaluation, among others.

Generating duplicated synthetic handwriting samples of a
person from a limited number of real samples has already
been proposed [1], [2]. Focusing on handwriting signatures,
different strategies have been used, which can be classified
into two approaches:

o Synthetic generation of new identities. Recent methodo-
logies have been proposed to synthesize flourish-based
signatures with some seldom isolated letters both in
on-line [3], [4] and off-line signatures [5].

2167-6445/14 $31.00 © 2014 IEEE
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o Synthetic generation of duplicated samples. The syn-
thetic samples are based on real samples. Taking two
signatures as seeds, in [6] is developed a method to
generate duplicated bitmap images. Authors model the
variability of genuine dynamic signatures overlapping
two on-line signatures and generating a new specimen
between the seeds. The quality of their method is
assessed through a commercial verifier converting the
samples into off-line image templates. This method was
validated showing up that the database with real and
synthetic samples achieves similar performance to the
database with only real signatures. In dynamic mode,
synthetic samples were generated through random dis-
tortion using only one signature as seed [7]. In this
case, the synthetic samples are used to increase the
training set and to improve the performance of the
HMM-based signature recognition system. Therefore,
techniques related to duplicate samples allow to enlarge
the number of samples (both genuine and non-genuine)
but not the number of user in a database.

The referenced works related to generation of duplicates
are based on geometrical deformations of real signatures
with no reference to the cognitive signing procedure [6], [7].
This paper proposes a new model inspired by the cognitive
signing procedure to generate duplicated off-line signatures.
Our contribution tries to model the signature variability
approaching the cognitive and neuromuscular handwriting
procedure.

To assess the variability model, as in [7], we will use
the duplicated signature samples to increase the training
sequence of am ASV. The ASV used is based on texture
features and a SVM classifier.

The outline of the paper is organized as follows: The
cognitive inspired model to duplicate off-line samples is
introduced in Sect. II; Sect. III presents the model imple-
mentation; the results with our model is analysed in Sect.
IV and finally the conclusions close the paper in Sect. V.

II. COGNITIVE INSPIRED DUPLICATION MODEL

It is well known that the signing procedure involves a
high complex fine motor control to generate the signature
trajectory with over-learned movements. This procedure is
described by the motor equivalence theory which define the

cps™
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personal ability to perform the same movement pattern by
different muscles.

The motor equivalence theory [8] suggests that the brain
stores movements, aimed at performing a single task, in
two steps: ¢) Effector independent: In an abstract form, it
means the spatial position of each trajectory points for each
individual stroke and the relative position among them. As
individual stroke we mean a completed drawing line without
pen-ups during the hand movement, being the signature
build up by a sequence of individual strokes. ii) Effector
dependent: As a sequence of motor commands directed
to obtain particular muscular contractions and articulatory
movements.

Although both the effector independent and the effector
dependent are pretty stables, they have a certain degree
of variability and they are affected by external inputs and
dissonant psychological states. In fact, under pressure, an
user usually needs to remember his/her signature before
signing producing a signature with a large variability. Sim-
ilar variability happens with other psychiatric diseases and
aging. The muscular path changes due to pose, health, etc.,
affecting to the signature variability.

Our cognitive equivalence inspired model approaches the
effector independent signing task as a sequence of point
according to observations in a cognitive grid map. It relies on
the analysis of the individual strokes, which can be doubly
affected as follows: i) An intra-stroke variability which is
addressed as spatial deformation described by sinusoidal
transformation, influencing over the most relevant points
of the whole signature. ii) An inter-stroke variability ap-
proximated by local perturbations of each individual stroke
position. The effector dependent is considered as general
motor commands that the signer try to follow through the
cognitive grid map. Inspired by the muscular path reaction,
this effect is approximated in our model reconstructing the
final ballistic trajectory of the signature. It has been carried
out filtering each stroke according to its inertial.

Both effects are not decorrelated. For instance, the signa-
ture parts with a denser effector dependent grid will convey
a low speed for motor apparatus following such a trajectory.
For this reason, the dynamic information could be used to
adjust the motor apparatus inertial and should be available
to validate the usefulness of the proposed model.

As a lack of the pseudo-dynamic information extracted
from static signatures and to carry out the validation of
this model, dynamic signatures have been used to test the
effectiveness of this model through a realistic conversion
into static signatures [9].

III. GENERATION OF DUPLICATED SIGNATURES

Given the time samples of a real signature trajectory
T[n] = {x[n],y[n]}_,, firstly they are scaled at 600 dpi,
which is a standard resolution used for static signature

database. Then they are 8-connected through Bresenham’s
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line drawing algorithm to produce the signature sequence
Ten] = {xn],y.[n]}M ,, being M the length of the
continuous trajectory, in pixels. The velocity {v[n]}N_;,
obtained as the derivative of T'[n] respect to n is also linearly
interpolated to obtain {v.[n]}}_ ;, representing the velocity
of each point in T.[n]. Similar procedure is done with the
pressure signal, obtaining {p.[n]} .

The duplicated generation consist in modelling the sig-
nature variability divided into six consecutive steps: A)
A stroke segmentation to work out with these individual
parts of the signatures, B) Selection of relevant points; C)
Shape variations according to sinusoidal wave; D) Random
variation of the stroke positions; E) Smoothing filter to
achieve natural duplicated trajectories and; F) A virtual ink
deposition model (IDM) to produce sample as realist as real
off-line samples is applied to all reconstructed signature. Fig.
1 summarized the methodology carried out in our approach.

A. Stroke Segmentation

Using the pressure vector {p.[n]}},, the stokes are

segmented being the pen-ups (p.[n] = 0) as breakpoints.
The average velocity of each stroke is worked out as
{Vavg(i)}L_;, being L the number of signature strokes. As
the velocity profile can be considered as a linear combination
of log-normals [10], the average velocity of individual
strokes are worked out as the mean value of the velocity pro-
file peaks. The strokes are classified into three classes: 1) the
stroke i is assigned to “low” velocity if vgyq(2) < 0.6Vgpg.
being the vg,4 the average velocity of all signature; 2) the
stroke i is assigned to “high” speed if vgy4(7) > 1.350404
and; 3) otherwise the stroke ¢ is considered as “medium”
velocity. This classification will be useful to define the grid
density of perceptual relevant points in order to approach
the cognitive map and design the inertial of the filter which
approximates the motor apparatus.

B. Perceptual point selection

From a perceptual point of view, it is well known that the
corners are the most relevant points [11], although not the
only ones in a signature.

The corner points are selected working out the curvature
of each pixel which are approached by the radius of its
osculating curves [12]. The minimum of the curvature radius
are selected as relevant perceptual point.

Extra points are selected among the relevant perceptual
point according to stroke classification: for a low velocity
stroke, we select more points than for high velocity stroke
which is also related to the human cognitive skills: the
slower you write, the more attention is paid to draw the
handwriting trajectory. It is accomplished increasing the
minimum distance between peaks.

C. Intra-Stroke variability

The variability due to the cognitive map is modelled
through a sinusoidal transformation applied to the perceptual
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Figure 1: Diagram of the proposed cognitive-based protocol to duplicate signatures.

points of the signature. Sinusoidal transformation allows to
approach slight variations in the signer’s cognitive map in
a practical way. Let sp[n] = ({zp[n],yp[n]})E_, be the
sequence of the perceptual points of an individual stroke,
being P the number of perceptual point selected, the new
sequence is defined as follows:

o/[n] = ay[n] + A, sin PW(% [n] — min(z [nmzvz}

he
} 6]

27 (yp([n] — min(y,[n])) Ny
hy

Being h, and h,, the horizontal and vertical sizes respecti-
vely measured according to the perceptual point coordinates.
The intra-stroke variability for duplicated genuine samples
are obtained modifying the amplitudes A,, A, and the
number of periods N, N, of the sinusoidal waves. These
values were randomly selected by a uniform distribution
U(a,b), where (a,b) are the minimum and maximum values,
as follows: A, = h,/U(20, 70) and A, = h,,/U(20, 70) for

y'[n] = yp[n] + A, sin {
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the horizontal and vertical amplitude respectively and for the
number of periods: N, = ¢/(0.1, 2) and N, = U(0.1, 2).
Finally, the new signature trajectory plan is obtained linking
the new dots using Bresenham’s line.

D. Inter-Stroke variability

The inter-stroke variability originated by the spatial cog-
nitive map variability is approached by a local stroke dis-
placement. Horizontal D, and vertical D, position of each
stroke are displaced by pseudorandom values drawn from the
standard normal distribution N (y, o). The experimental
values are listed as follows.

N1, 4),N(1, 1)) if vgyg(i) is low
(N(1, 8),N(5,2)) if vaug(i) is medium
(N(1, 12), N (5, 4)) if vaug(i) is high

(2)

(D:mDy) =
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Figure 2: Examples of multiple signatures from only one seed. The first column shown the seed and the rest of columns

the duplicated samples.

E. Ballistic trajectory reconstruction

From the above trajectory plan, a filter to emulate the
motor system is applied. Since the handwriting trajectories
can be approached as polynomial curves, a Savitsky-Golay
filter [13] is used to produce human-like trajectory [5]
interpolating the trajectory plan point.

The filter works with a frame size f and with the degree
k of the polynomial regression on a series of values. Exper-
imentally, the f value is defined by a uniform distribution
as U(60, 60 + 10k) for each type of stroke and the k value
as follows:

U(6,8) if vaug(i) is low
k=4 U4,6) if vgg(i) is medium 3)
U(3,5) if vgug(i) is high

As low velocity trajectories contain more details, they
need a higher polynomial degree in order to be recon-
structed. For higher velocities, lower polynomial degree is
more adequate for smoother curves. Low and high velocities
are generally related to handwriting and flourish respectively.
So, all fixed values achieve larger variability in the speedy
strokes. It agrees with human behaviour because hand rapid
movements are usually less precise than slower ones.

Fig. 3 shows the final trajectory for an individual stroke.
We can observe the recovered dots using osculating curves
and the final stroke trajectory slightly modified.
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Figure 3: Reconstructed stroke from trajectory plan.
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F. Signature Reconstruction and Ink deposition model

At the end of this stage, each stroke is concatenated with
the rests of strokes to create the skeletal bitmap image,
which represents the skeleton of the signature path. Then,
an ink deposition model (IDM) [5], [9] creates realistic
synthetic off-line duplicated images. It should be noted that
this method is aimed at obtaining realistic images in terms
of the stroke texture: several virtual ballpoint are generated
following a 2D Gaussian function as well as modelled inks
such as solid, viscous and fluid.

Finally, we could visualize how the variability is modified
for a set of samples in Fig. 2. From only one original
seed, we show five possible samples synthetically generated
through the proposed model.



IV. MODEL VALIDATION

The experiments have been conducted to analyse whether
our cognitive inspired model is able to introduce natural vari-
ability using duplicated samples as similar as the variability
introduced by human beings. Such a synthetic variability has
been tested with an off-line verifier. The validation process
tries to determine whether the classifier response is similar
in both cases: when real signatures are added to augment
the training model or when duplicated ones are introduced.
The hypothesis underlying the principle that the duplicated
signatures contain complementary information which can be
used to outperform the performance of the original models.

A. Database

The dataset used in this trial is the publicly available
dynamic MCYT database [14]. It consist of 330 signers
including 25 on-line genuine signatures and 25 skilled or
deliberated forgeries, acquired in a multi-session scenario.
Deliberated forgeries mean forged signatures made from
certain knowledge of the genuine spatial signature trajectory
but it does not necessarily imply acquired skill of a true
forger.

B. Verification scheme

The performance evaluation is computed by using the
verifier proposed in [15], which is part of the recent state-
of-the-art in signature verification. It is based on texture
features such as local binary pattern (LBP) and local deriva-
tive pattern (LDP). The signature is transformed into the
LBP and LDP images which are divided into 12 sectors.
The histogram of each sector is worked out, concatenated
and its dimension reduced with a Discrete Cosine Transform
(DCT) obtaining two separated feature vectors according to
LBP and LDP operators. The combination at score level is
evaluated through a weighted sum. The classifier is based
on a least square support vector machine (LSSVM). [16].

C. MCYT off-line to on-line signature recognition baseline

The baseline is calculated using the dynamic MYCT
database converted into realistic off-line images. The eval-
uation is assessed with four different training models. The
first training model is formed by the first 5 signatures; the
second with the first 10; the third relies on the first 2 and
the last one with the first 4, all according to nomencla-
ture database. While 5 and 10 signatures are traditional
enrolment sizes in the literature, 2 signatures is a more
challenging scenario with a very limited amount of data.
The generation of duplicated data could be exploited in
such limited applications. For all cases, the genuine scores
were calculated matching the rest of genuine samples of
the owners against the trained model. Then, impostor scores
were obtained with random selection of genuine samples of
others signers not included into the training model. It tries
to prove whether a signature without previous knowledge
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Table I: Equal Error Rate (EER) results using the texture-
based verifier for the two validations. The baselines are
shading with certain gray level.

Training Validation 1
Real | Synt. | Random Forgeries | Deliberated Forgeries
5 - 1.88 % 19.17 %
10 - 1.07 % 13.13 %
5 5 1.97 % 16.52 %
5 20 1.63 % 16.37 %
5 100 1.43 % 16.19 %
Training Validation 2
Real | Synt Random Forgeries | Deliberated Forgeries
2 - 3.70 % 23.73 %
4 2.43 % 18.53 %
2 2 3.33% 19.86 %
2 8 3.13% 19.73 %
2 40 2.89 % 19.12 %

of the originals (random forgeries) could be enrolled in the
system. Deliberated forged scores were calculated against
the trained model in each case. Such results are the baseline
which estimates the utility and the limits of our duplicated
samples, shadowed in Table I.

D. Evaluating the variability of the duplicated signatures

The aim of this experiment is to ascertain the comple-
mentarity between the information of the duplicate samples
and the real signatures used to generate them. The training
models used to calculate the baseline in the previous section
are trained again adding duplicated samples generated from
the own real signatures contained in the models. The goal
is to determine the ability of the cognitive approach to
generate samples with complementary information about the
signature owner.

E. Results and discussion

Table I shows the Equal Error Rate obtained using
the MCYT signatures (baseline) and the enhanced models
trained with real and synthetic signatures.

In general, the results obtained with the duplicate samples
outperform the baseline. Such improvement can be observed
initially in the deliberated forgeries in which EER starts to
decrease, even with the smaller duplicate sets. In the random
forgery scenario, the improvements are more observable
when larger duplicate sets are included. Although the system
generates more synthetic specimens from one signature,
the results saturate around 1.5 % for random forgeries and
almost 16 % for signatures with previous knowledge. How-
ever, obtained results with 10 and 4 real signatures suggests
that there is still margin to improve the performance.

The usefulness of the duplicate samples is more evident
in the scenario with only 2 training signatures. The cognitive
generation approach clearly increases the robustness of the
trained models. In the case of the deliberate forgeries, it is



possible to improve by 4 % the performance of the original
models. As we can observe, the EER saturates at certain
number of duplicated signatures. Such saturation is due to
the limited inner variability available in only one seed. We
could estimate the improvement is higher when we have a
few samples in the training model. It might play a special
role in criminology and forensic science where they deal
with a few genuine samples.

V. CONCLUSION AND FUTURE WORK

A new method inspired by the cognitive neuromotor
perspective to generate static duplicated signatures has been
proposed. The developed generator introduces non linear de-
formation in on-line signatures to mimic the characteristics
of human beings’ variability.

This cognitive method has been validated improving the
performance of a recent state-of-the art automatic signature
verifier. Database with few genuine samples could find
benefits duplicating synthetically their samples following
this methodology.

As preliminary evaluation of this model, the validation
stage was conducted with dynamic trajectories. However,
the duplicated signature method could be adapted for pseudo
dynamic features inferring the signature trajectory from off-
line signatures. This cognitive inspired model could be used
to duplicate dynamic signatures. A painstaking research in
velocity profile regeneration may be introduced to the model
modifying the original on-line samples.

Additionally, behavioral disorders, neurodegenerative dis-
eases and other cognitive impairment in neurodegenerative
problems are related to muscular path variability. This
approach could be taken into account to generate perturbing
trajectories inserting carefully random movements into the
inter-stroke variability stage.
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