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

que pertenecen 

 

Apellidos, nombre DNI Institución a la que pertenecen 

Aythami Morales Moreno (IP)  Universidad de Las Palmas de Gran Canaria 

Moisés Díaz Cabrera (Co-IP)  Universidad de Las Palmas de Gran Canaria 

Miguel Ángel Ferrer Ballester  Universidad de Las Palmas de Gran Canaria 

Jesús Bernardino Alonso Hernández  Universidad de Las Palmas de Gran Canaria 

Esther González Sánchez  Universidad de Las Palmas de Gran Canaria 

Zenón José Hernández Figueroa  Universidad de Las Palmas de Gran Canaria 

Juan Carlos Rodríguez Del Pino  Universidad de Las Palmas de Gran Canaria 

José Daniel González Domínguez  Universidad de Las Palmas de Gran Canaria 

Cristina Carmona Duarte  iEducApps 

Patricia Henríquez Rodríguez  Universidad de Las Palmas de Gran Canaria 

Arturo Gómez García  Hospital Universitario de Gran Canaria Dr. Negrín 

Antonio Déniz Cáceres  Hospital Universitario de Gran Canaria Dr. Negrín 

Juan Carlos López Fernández  Hospital Universitario de Gran Canaria Dr. Negrín 

Carmen Marrero Falcón  Hospital General de Fuerteventura 

Marina Morales Moreno  Autónoma 

Marina C. Ruiz García  C.E.I.P. Sardina del Norte 

María del Pilar Rosales Morales  C.E.I.P. Orobal 

Rita María Sosa Hernández  C.E.I.P. Orobal 

Yurena López Arencibia  C.E.I.P. Claudio de la Torre 

Rito Martín Díaz  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 educación o el país de pertenencia y por aspectos neuromotores propios de 

cada individuo. Es este segundo aspecto el que promueve la gestación de este proyecto. En el proceso de 

escritura intervienen factores muy sensibles tanto neurológicos como motores. La capacidad cognitiva y 

de representación 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 neurológico de un niño, del estado de patologías neurodegenerativas en un adulto o de la 

evolución ante tratamientos médicos, entre otros. El segundo factor que interviene en la escritura es el 
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motor y de igual forma varía a lo largo de nuestra vida. Los factores motores implicados en la escritura se 

ven muy afectados por el estado físico y conductual de la persona y también influyen en la forma en la 

que escribimos. Así pues, el análisis de las características motrices de la escritura se utiliza en la 

biometría para la identificación de personas, en tratamientos de rehabilitación, en detección del 

consumo de sustancias prohibidas, en el diagnóstico de enfermedades o perfiles de criminalística, etc.  

Las distintas pruebas utilizadas para evaluar la escritura son conocidas tradicionalmente como test de 

escritura. El número de profesionales que hacen uso de este tipo de test es muy amplio y abarca 

profesionales de la educación, sanidad, documentoscopia forense e ingeniería. Los test de escritura se 

basan en evaluaciones cualitativas hechas por cada uno de los especialistas. Estas valoraciones presentan 

el inconveniente de que la decisión 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 formación o experiencia entre otros 

muchos factores. 

El presente proyecto multidisciplinar pretende utilizar conceptos del análisis biométrico para 

analizar de forma cuantitativa y automática los procesos de generación de la escritura. 

Se ha reunido a profesionales de diferentes disciplinas que trabajen entorno a la escritura. El proyecto 

supone una oportunidad de dinamización y búsqueda de sinergias, todo ello a partir de la herramienta a 

desarrollar para el modelado de la escritura. El uso en estos ámbitos de gran calado social hace 

presuponer una gran repercusión y visibilidad.  

El presente proyecto se ha desarrollado contando con la opinión de entidades públicas 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 tecnología a desarrollar. Las entidades interesadas 

incluyen a día de hoy (se espera aumentar el número durante el desarrollo del proyecto): 

 Unidad de psiquiatría del Hospital Universitario de Gran Canaria Dr. Negrín. 

 Unidad de rehabilitación del Hospital Universitario de Gran Canaria Dr. Negrín. 

 Unidad de neurología del Hospital Universitario de Gran Canaria Dr. Negrín. 

 Unidad de neurología del Hospital General de Fuerteventura. 

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

 C.E.I.P. Orobal, de la consejería de Educación del Gobierno de Canarias. 

 C.E.I.P. Sardina del Norte, de la consejería de Educación del Gobierno de Canarias. 

 C.E.I.P. Claudio de la Torre de la consejería de Educación del Gobierno de Canarias.  
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Para resolver la ejecución del proyecto se plantean una serie de objetivos iniciales. Los principales 

objetivos del proyecto incluyen:  

 Identificar las características medibles de un usuario a través de la escritura, las cuales son 

capaces de ser capturadas en un entorno multiplataforma. La trayectoria de las señales (x, y) 

podrán ser capturadas por un PC con un ratón y/o una tableta digitalizadora además de por 

cualquier dispositivo táctil como Smartphone o tablets. Este objetivo se llevará a cabo a través de 

reuniones previas con las distintas sensibilidades multidisciplinares que forman el equipo de 

trabajo. Durante esta fase se estipulará el conjunto de tests de escritura disponibles en la 

aplicación web. 

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

aceptadas en diferentes estudios encontrados en la comunidad científica. 

 Desarrollar un modelo de la generación de escritura manuscrita que se ajuste a la realidad. Toda 

la información generada se pondrá a disposición pública para su uso científico o educativo. 

 

 

2. Descripción de la relación de actividades desarrolladas durante la ejecución del proyecto. 

 

 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).  

 Modelado neuromotor de la escritura: se ha desarrollado un modelo neuromotor para la síntesis de 

muestras de escritura manuscrita. Este modelo permite analizar los procesos de generación de 

escritura así como generar bases de datos sintéticas que permitan un análisis de aspectos como el 

envejecimiento, la discriminabilidad de usuarios o las enfermedades neurodegenerativas. 

 

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

oportunas. 

El reducido presupuesto con el que se ha contado ha limitado mucho las actividades de difusión. Aun 

así, se ha optado por dar la mayor visibilidad internacional posible al trabajo realizado y fruto de ello, se 

presentó 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 título 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 científico de la contribución. 

Se adjunta una copia de las actas del congreso (ver anexos) en las que se puede tener acceso al artículo 

y a los agradecimientos (página 66) en los que se cita como fuente de financiación a la Fundación 

Hergar. También se adjunta una copia del premio recibido. 

Se han publicado diferentes estudios enfocados en el modelado neuromotor de la escritura, los cuales 

están públicamente disponibles en la web del grupo: http://www.gpds.ulpgc.es/. 

Se ha puesto a disposición de la comunidad científica 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 área. 

 

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

variación. 

Se ha seguido la metodología 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 

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

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

 

 

5. Indicar los órganos de evaluación y seguimiento para la consecución 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 Díaz Cabrera). El seguimiento ha constado de 3 etapas: 

 Kick-off meeting (15 de Abril de 2014): una vez concedida la ayuda se realizó una reunión de 

coordinación para priorizar objetivos y ajustar la metodología a la financiación otorgada. 

 Reunión de Control (15 de Octubre de 2014): a los 6 meses de la primera reunión, se celebró 

una reunión de control para realizar un seguimiento de los objetivos iniciales marcados y evaluar 

los primeros resultados. Con un artículo internacional ya publicado, se estimó que los objetivos 

iniciales marcados habían sido cubiertos. 

 Reunión de Cierre (aún por celebrar): una vez enviada la memoria final, se tiene planeada una 

última reunión  de coordinación para evaluar los resultados finales así como la difusión de los 

http://www.gpds.ulpgc.es/
http://www.gpds.ulpgc.es/
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mismos. Esta difusión 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 económicos. Realizar una difusión internacional 

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

con los objetivos.  

Con la liberación de la segunda parte del presupuesto otorgado (250 euros) se espera poder costear la 

elaboración de una página web que de difusión internacional al proyecto y que sirva para crear 

consciencia acerca de problemas tan críticos para la sociedad como son las enfermedades 

neurodegenerativas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 
 

 

 

 

 

 

 

 

 14th International Conference on  

Frontiers in Handwriting Recognition 

ICFHR 2014 
 

 

 

 

 

 

 

 

1-4 September 2014 

Hersonissos, Crete Island, Greece 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proceedings



IEEE Computer Society 
Technical & Conference 

Activities Board 
 

 
 

T&C Board Vice President 
Cecilia Metra 

Università di Bologna, Italy 
 

IEEE Computer Society Staff 
Evan Butterfield, Director of Products and Services 

Lynne Harris, CMP, Senior Manager, Conference Support Services 
Patrick Kellenberger, Supervisor, Conference Publishing Services 

 

 
IEEE Computer Society Publications 

The world-renowned IEEE Computer Society publishes, promotes, and distributes a wide variety of authoritative 
computer science and engineering texts. These books are available from most retail outlets. Visit the CS Store at 
http://www.computer.org/portal/site/store/index.jsp for a list of products. 
 
 

IEEE Computer Society Conference Publishing Services (CPS) 
The IEEE Computer Society produces conference publications for more than 300 acclaimed international 
conferences each year in a variety of formats, including books, CD-ROMs, USB Drives, and on-line publications. 
For information about the IEEE Computer Society’s Conference Publishing Services (CPS), please e-mail: 
cps@computer.org or telephone +1-714-821-8380. Fax +1-714-761-1784. Additional information about Conference 
Publishing Services (CPS) can be accessed from our web site at: http://www.computer.org/cps 

 

Revised: 18 January 2012 

 

CPS Online is our innovative online collaborative conference publishing system designed to speed the delivery of 
price quotations and provide conferences with real-time access to all of a project's publication materials during 
production, including the final papers. The CPS Online workspace gives a conference the opportunity to upload 
files through any Web browser, check status and scheduling on their project, make changes to the Table of Contents 
and Front Matter, approve editorial changes and proofs, and communicate with their CPS editor through discussion 
forums, chat tools, commenting tools and e-mail.  
 

The following is the URL link to the CPS Online Publishing Inquiry Form: 
http://www.computer.org/portal/web/cscps/quote 



Copyright © 2014 by The Institute of Electrical and Electronics Engineers, Inc. 

All rights reserved. 
 

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries may photocopy 

beyond the limits of US copyright law, for private use of patrons, those articles in this volume that carry a code at the 

bottom of the first page, provided that the per-copy fee indicated in the code is paid through the Copyright Clearance 

Center, 222 Rosewood Drive, Danvers, MA  01923. 

 

Other copying, reprint, or republication requests should be addressed to: IEEE Copyrights Manager, IEEE Service 

Center, 445 Hoes Lane, P.O. Box 133, Piscataway, NJ 08855-1331. 

 

The papers in this book comprise the proceedings of the meeting mentioned on the cover and title page. They reflect 

the authors’ opinions and, in the interests of timely dissemination, are published as presented and without change. 

Their inclusion in this publication does not necessarily constitute endorsement by the editors, the IEEE Computer 

Society, or the Institute of Electrical and Electronics Engineers, Inc. 

 

IEEE Computer Society Order Number P5170 

BMS Part # CFP14311-PRT 

ISBN # 978-1-4799-4334-0 

ISSN # 2167-6445 

 

Additional copies may be ordered from: 

 
IEEE Computer Society IEEE Service Center IEEE Computer Society 

Customer Service Center 445 Hoes Lane Asia/Pacific Office 

10662 Los Vaqueros Circle P.O. Box 1331 Watanabe Bldg., 1-4-2 

P.O. Box 3014 Piscataway, NJ 08855-1331 Minami-Aoyama 

Los Alamitos, CA 90720-1314 Tel: + 1 732 981 0060 Minato-ku, Tokyo 107-0062 

Tel: + 1 800 272 6657 Fax: + 1 732 981 9667 JAPAN 

Fax: + 1 714 821 4641 http://shop.ieee.org/store/ Tel:  + 81 3 3408 3118 

http://computer.org/cspress 

csbooks@computer.org 

customer-service@ieee.org Fax: + 81 3 3408 3553 

tokyo.ofc@computer.org 

  

Individual paper REPRINTS may be ordered at: <reprints@computer.org> 

 

 

Editorial production by Juan E. Guerrero 

Cover art production by Mark J. Bartosik 

Printed in the United States of America by Applied Digital Imaging 

 
 

 

 

IEEE Computer Society  

Conference Publishing Services (CPS) 
http://www.computer.org/cps 

 

http://shop.ieee.org/store/
http://computer.org/cspress
mailto:csbooks@computer.org
mailto:customer-service@ieee.org
mailto:tokyo.ofc@computer.org
mailto:reprints@computer.org
http://www.computer.org/cps


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 Innovación 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
ASV 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:

• 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].

• 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
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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: i) 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]}Nn=1, 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

line drawing algorithm to produce the signature sequence
Tc[n] = {xc[n], yc[n]}Mn=1, being M the length of the
continuous trajectory, in pixels. The velocity {v[n]}Nn=1,
obtained as the derivative of T [n] respect to n is also linearly
interpolated to obtain {vc[n]}Mn=1, representing the velocity
of each point in Tc[n]. Similar procedure is done with the
pressure signal, obtaining {pc[n]}Mn=1.

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 {pc[n]}Mn=1, the stokes are
segmented being the pen-ups (pc[n] = 0) as breakpoints.
The average velocity of each stroke is worked out as
{vavg(i)}Li=1, 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 vavg(i) ≤ 0.6vavg,
being the vavg the average velocity of all signature; 2) the
stroke i is assigned to “high” speed if vavg(i) ≥ 1.35vavg
and; 3) otherwise the stroke i 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] = ({xp[n], yp[n]})Pn=1 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:

x′[n] = xp[n] +Ax sin

[
2π(xp[n]−min(xp[n]))Nx

hx

]

y′[n] = yp[n] +Ay sin

[
2π(yp[n]−min(yp[n]))Ny

hy

] (1)

Being hx and hy 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 Ax, Ay and the
number of periods Nx, Ny 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: Ax = hx/U(20, 70) and Ay = hy/U(20, 70) for

the horizontal and vertical amplitude respectively and for the
number of periods: Nx = U(0.1, 2) and Ny = 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 Dx and vertical Dy position of each
stroke are displaced by pseudorandom values drawn from the
standard normal distribution N (μ, σ2). The experimental
values are listed as follows.

(Dx, Dy) =

⎧⎨
⎩

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

(2)
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Seed Duplicated Signatures

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:

k =

⎧⎨
⎩

U(6, 8) if vavg(i) is low
U(4, 6) if vavg(i) is medium
U(3, 5) if vavg(i) is high

(3)

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.

Figure 3: Reconstructed stroke from trajectory plan.

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 2 D 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.
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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

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
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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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