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Abstract

Dyskinetic Cerebral Palsy (DCP) is mainly chardegat by alterations in muscle tone
and involuntary movements. Therefore, these pegpésent with difficulties in
coordination and movement control, which makes imglidifficult and affects their
posture when seated. Additionally, their cognitperformance varies between being
completely normal and severe mental retardation.

People with DCP were selected as the objectivaisfthesis due to their multiple and
complex limitations (speech problems and motor r@dnénd because their capabilities
have a great margin for improvement thanks to miygical control systems.

Given their communication difficulties, some peowi¢h DCP have good motor control
and can communicate with written language. Howewest have difficulty using Aug-
mentative and Alternative Communication (AAC) sysse People with DCP generally
use concept boards to indicate the idea they wasdrmmunicate. However, most com-
munication solutions available today are basedropretary software that makes it dif-
ficult to customize the concept board and this typeontrol system.

This is the motivation behind this thesis, with #ie of creating an interface with char-
acteristics, able to be adapted to the user neetlgnaitations. Thus, this thesis proposes
an Augmentative and Alternative Communication Sysfer people with DCP based on
physiological control. In addition, an innovativestem for direct control of concept
boards with EMG is proposed. This control systerhdsed on a physical model that
reproduces the muscular mechanical response ést#ffinertia and viscosity). It allows
for a selection of elements thanks to small pul$&MG signal with sensors on a muscle
with motor control. Its main advantage is the paitigy of correcting errors during se-
lection associated with uncontrolled muscle impsilsaroiding sustained muscle effort
and thus reduced fatigue.

This thesis has been carried out within the Eunopg&raject 287774: ABC “Advanced
BNCI Communication” funded by the European Commoigsinder the 7th Framework
program.






Resumen

La Pardlisis Cerebral de tipo Discinésica (DCPramcteriza principalmente por las
alteraciones del tono muscular y los movimienteslimtarios. Por ello, estos pacientes
presentan dificultades en la coordinacién y enoatrol de movimientos, lo cual les
dificulta el caminar y afecta su postura cuand@resentados. Cabe resaltar que la
capacidad cognitiva de las personas con DCP pueie desde completamente normal,
hasta un retraso mental severo.

Las personas con DCP han sido seleccionadas coetivolzle esta tesis ya el margen
de mejora de sus capacidades es amplio gracistemas de control fisiologico, debido
a sus multiples y complejas limitaciones (probleg@fabla y control motor).

Debido a sus dificultades de comunicacién, algymasonas con DCP se pueden
comunicar con lenguaje escrito, siempre y cuandgaeun buen control motor. Sin
embargo, la mayoria tienen dificultades para udatermas de Comunicacion

Aumentativos y Alternativos (AAC). De hecho, lasrqmmas con DCP utilizan

generalmente tableros de conceptos para indicatekn que quieren transmitir. Sin
embargo, la mayoria las soluciones de comunicatigponibles en la actualidad estan
basadas en software propietario que hacen dificjpdrsonalizacion del tablero de
conceptos y el tipo de sistema de control.

Es aqui donde surge esta tesis, con el objetivacrdar una interfaz con esas
caracteristicas, capaz de adaptarse a las necesigédichitaciones del usuario. De esta
forma, esta tesis propone un sistema de comunitatitnentativo y alternativo para
personas con DCP basado en control fisiolégico.nféde se propone un Sistema
innovador de control directo sobre tableros de eptos basado en EMG. Este Sistema
de control se basa en un modelo fisico que repmtiucespuesta mecéanica muscular
(basado en parametros como Rigidez, Inercia y ¥ided), permitiendo la seleccion de
elementos gracias a pequefios pulsos de sefial EM&eosores sobre un musculo con
control motor. Sus principales ventajas son lalpladad de corregir errores durante la
seleccion asociado a los impulsos musculares rtootados, evitar el esfuerzo muscular
mantenido para alcanzar un nivel y reducir la atig

Esta tesis se ha realizado en el marco del Proyagaiopeo 287774: ABC “Advanced
BNCI Communication” financiado por la Comisibn Epea durante el Séptimo
Programa Marco.







Resum

La Paralisi Cerebral de tipus Discinesica (DCPR)aacteritza principalment per les al-
teracions del to muscular i els moviments involtist&®er aco, aquests pacients presen-
ten dificultats en la coordinacid i en el contrelmoviments, la qual cosa els dificulta el
caminar i afecta la seua postura quan estan assé€tpltressaltar que la capacitat cog-
nitiva de les persones amb DCP pot variar des ogpledament normal, fins a un retard
mental sever.

Les persones amb DCP han sigut seleccionades objadiu d'aquesta tesi ja el marge
de millora de les seues capacitats és ampli grac&stemes de control fisiologic, a
causa dels seus multiples i complexes limitacipnshlemes de parla i control motor).

A causa de les seues dificultats de comunicaojiunals persones amb DCP es poden
comunicar amb llenguatge escrit, sempre que timghan control motor. No obstant
aco, la majoria tenen dificultats per a usar sistede Comunicacié Augmentatius i Al-
ternatius (AAC). De fet, les persones amb DCPtzifi generalment taulers de concep-
tes per a indicar la idea que volen transmetreoidtant aco, la majoria les solucions de
comunicaci6 disponibles en l'actualitat estan basah programari propietari que fan
dificil la personalitzacié del tauler de conceptektipus de sistema de control.

Es aci on sorgeix aquesta tesi, amb |'objectiuear aina interficie amb aqueixes carac-
teristiques, capac d'adaptar-se a les necesditaittacions de l'usuari. D'aquesta forma,
aquesta tesi proposa un sistema de comunicacioeaugtiu i alternatiu per a persones
amb DCP basat en control fisiologic. A més, es gsapun sistema innovador de control
directe sobre taulers de conceptes basat en EMGesAgistema de control es basa en
un model fisic que reprodueix la resposta mecamigscular (basat en parametres com
a Rigidesa, Inércia i Viscositat), permetent l&seib d'elements gracies a xicotets pol-
sos de senyal EMG amb sensors sobre un muscul@mplomotor. Els seus principals
avantatges son la possibilitat de corregir errarsuat la seleccié associat als impulsos
musculars no controlats, evitar I'esfor¢ musculantingut per a aconseguir un nivell i
reduir la fatiga.

Aquesta tesi s'ha realitzat en el marc del Projeci®peu 287774: ABC “Advanced
BNCI Communication” financat per la Comissié Euraplirant el Seté Programa.
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Chapter 1
Introduction

Dyskinetic cerebral palsy (DCP) is a chronic patlyglwhere the cognitive performance
varies between being completely normal to sevemgaheetardation. It is characterized
by the presence of involuntary movements which begthetoid (writhing movements,

spasticity of fingers, hands, head and tongue)aardi/stonic (rigid posturing) and/or

choreic (rapid and jerky movements). The cognisikils can be masked by the motor
limitations and the communication difficulties, whi leads to deficient learning

possibilities and social exclusion.

The Augmentative and Alternative communication eyst increase the possibilities of
communication for people with cerebral palsy. Thesgport systems contribute
positively to the improvement of their personalaaamy and independent life, their
social integration and, therefore, their qualityifef, While great efforts have been made
to improve its usability and functionality, exiggisystems must adapt even more to the
specific needs of the users and their disabilities.

The aim of this thesis is to propose an augmertativd alternative communication
system based on physiological signals adaptedegcetiu-user needs of people with
Dyskinetic Cerebral Palsy.

This thesis has been conducted within the framewbtke European Project 287774
ABC “Advanced BNCI Communication” financed by thev@nth Framework Program,
corresponding to the call FP7-ICT-2011-7. ABC pcbgms to develop a novel modular
and interoperable system, based on smart procesdBrgin-Neural Computer Interface
(BNCI) signals to provide augmented communicatiemotion management and
environment control to persons with Dyskinetic Geat Palsy (DCP).



Advanced Augmentative and Alternative Communic&istem Based on Physiological Control

People with DCP have been selected as the objaiitie project because they present
a high potential to improve their capabilities withysiological control systems, while
being hampered by their multiple and severe linotet (speech and motor control
problems). In addition, the system has a high piaefor enhancing the capabilities of
people with other physical disabilities and/or spe@roblems or for children with
developmental disorders, as well as for wider @pgibns (eg games, learning, safety at
work or assistance in driving).

Figure 1.1 shows the proposed ABC system and iguies: (M1) The BNCI system
(Brain Neural Computer Interface) will integratdfelient physiological signals (EEG,
EMG, IMU, etc.) to develop a robust control systesapted to user needs and daily use.
(M2) The health monitoring module will use the pioyagical parameters to support
self-understanding and decision making in healtmagament. (M3) The emotions
module will interpret physiological signals to unstand user's emotional states and to
provide support and guidance of emotional undeditgnand management. (M4) The
communicator is the user interface integratingdifferent functionalities of the system.

I Patterns/Commands

| t t
Noise s Real Time

Reduction Adaption

Health
Monitoring

ECG, Sp02,
breathing

ECG, GSR, fEMG

Software Adaptation /

Affective Computing

S—

Emotions Expression

Emotions Management M3

— o — — — — — — — — — —
—————— —— — — —

Figure 1.1. Modules of the ABC system and focus this thesis.

The following premises motivate this thesis:

» The variability of characteristics in DCP demandkamive interfaces and
services specific to each user.

= Many users with DCP have difficulties in selectialgments of a grid by
controlling a pointer.

Thus, the activities of this thesis are focusedhendesign of the communicator system
and the definition and set-up of an innovative soluof direct control over grids of
concepts based on physiological control and theiSp®CP user needs.



Chapter 1: Introduction

Developed methodologies and results of this thexgsbeing used in another national
project called LICOM (DPI2015-67064-R), funded Ine tMinisterio de Economia y
Competitividad. The LICOM project (Communicatiorssyms for people in a locked-in
syndrome state) is focused on the development@facost, domestic use application
to provide a communication tool for locked-in pat& This project is based on one of
the premises of this thesis: a system must beyeewmilfigurable and adaptable to the
needs of each patient.

There are several publications based on the resutte thesis. They are presented in
the section 6.3.






Chapter 2
State of the Art

In this chapter, the most relevant literature i@ tield of cerebral palsy and especially
about the type Dyskinetic (DCP) is reviewed.

Firstly, we have studied the information about dlifficulties of people with DCP to
understand the particularities of this type of péiby.

Secondly, the augmentative and alternative commatinit systems (AACS) have been
reviewed. Their characteristics, usability issusse cases and adaptability to user needs
were studied.

Finally, a comprehensive review about the use gfijaiogical systems as a tool to
interpret the emotions or control system was done.

2.1 Disability and Dyskinetic Cerebral Palsy.

The view of disability has changed over time. la second half of the twentieth century,
the dominant model was the rehabilitation modelctvisees disability as an expression
of the disease and therefore a fundamentally patsi@ctor, just needing medical
treatment. Efforts were focused on restoring ttiecétd body structures and functions
(Impairments), working under the assumption thatliced advances would eventually
control the factors causing disability (illnessimeng to minimize them. In 1980, the
WHO published the International Classification ahplairments, Disabilities and
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Handicaps (ICIDH) (World Health Organization, 1988though this model started to
consider contextual factors, it is essentially @edl cause-effect model between
handicap, disability and impairment.

Human functioning is diverse and varies througlifeitTherefore, it requires a systemic
model to explain the diversity of human functionidgsability and health status. In 2001,
the World Health Organization published The Intéormal Classification of
Functioning, Disability and Health (World Healthdanization, 2001), with the aim of
unifying the conceptualization of human functionaryd health.

The linear model of interpretation (impairment-tidisy-handicap) evolves to a
multivariate model relating human performance aedlth status, gaining importance
the contextual factors (both personal and enviroriat@nes) (Figure.?). In this way,
human functioning is a continuous variable thatncarbe divided between what is
“normal” and what is not. It is important to higiitit that environmental factors can be
considered as facilitators or barriers, dependinmghow they are related to the
improvement of functional or structural alteratitime performance of an activity or the
performance of a social role. These environmeatzbfs are, among others, the design
of environments, services and products in genexal] specifically the assistive
technologies (technical aids).

ICF
Parts Functioning and disability Contextual Factors
Components Body structures and Activities and Environmental | Personal
functions Participation Factors Factors
Domains Boay structpres Life arsas (tasks, action) External influsnces . Internal
Body functions influences
. . Capacity Performance
Qualifiers or Ehanges in body Changes.ln body (executing tasks | (executing tasks Faciltators Im.pac,t of
structures functions . . . attributes of
constructs . . . in a standard in the current and Barriers
(anatomical) (physiological) . . person
environment) environment})
( Health Condition )
(Disorder or disease)
t
i ! 1
Body Functions & )., Activity — Participation
Structures
(Impairments) (Limitations) (Restrictions)

1

C Contextual factors )

I

Environmental - .
factors ersonal factors

Source: (World Health Organization, 2007)

Figure 2.1. ICF overview.
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ICF has been designed like a common language faritdng health, functioning, and
disability. It can primarily be used in clinicaltBegs, health services or for a survey at
the individual or population level to compare detaning from different individuals, or
groups of individuals, and to code their charastes. Nevertheless, due to its all-
inclusive nature, ICF can serve as a frameworleszdbe disability. In fact, ICF is not
by itself an evaluation tool, but rather a standmmijuage and framework for the
description of health and health-related stateséRbaum & Stewart, 2004).

2.1.1. Cerebral Palsy

The definition of Cerebral Palsy (CP) has beenalehge since 1843 when William
Little proposed the first description (Little, 184Ble suggested a link between abnormal
parturition, difficult labor, premature birth, agpia neonatorum, and physical
deformities. Later, he introduced the term tenotansyead of deformity (Little, 1862).
Thereafter, Freud considered CP in terms of clinimurological syndromes. Freud
proposed CP to be caused not just at parturitiorlso earlier in pregnancy because of
“deeper effects that influenced the developmeniheffetus” (Freud, 1897).

The complexity of what composes cerebral palsy ngledined by its numerous
definitions and the variety of its classificatiosystems. In 1959, members of the Little
Club proposed that “cerebral palsy is a persisting not unchanging disorder of
movement and posture, appearing in the early y#dife and due to a non-progressive
disorder of the brain, the result of interferenceiy its development” (Mac Keith,
MacKenzie, & Polani, 1959). (Bax, 1964)) redefirtei as ‘a disorder of movement
and posture due to a defect or lesion of the imraditain’ and recommended “exclude
from cerebral palsy those disorders of posturerantion which are 1) short-term, 2)
due to a progressive disease, 3) exclusively dueetatal retardation”.

Since then, several authors have been suggestddattinitions for CP (Kurland, 1957;
Mutch, Alberman, Hagberg, Kodama, & Perat, 1992sble & Ellenberg, 1978) like
“an umbrella term covering a number of syndromeghwnotor deficiency, non-
progressive, but often changing, secondary to liegions or anomalies appearing in the
early stages of brain development”. This last défin was remained quite unchanged
for 40 years. However, this does not imply thad thefinition is exempt from important
limitations, both theoretical and practical (DarC&eron, 2004; Ferrari, 2010; Ferrari &
Alboresi, 2010).

To solve some definition issues, like the exclusodrthe perceptive, cognitive, and
behavioral aspects, an international multidiscagtynteam met in Bethesda (MD, USA)
in July 2004. A revised definition was then prodiibg the Executive Committee of the
team and published in 2006 (Cioni & Paolicelli, D1

“Cerebral palsy (CP) describes a group of disordefshe development of movement
and posture, causing activity limitation, that awdtributed to non-progressive
disturbances that occurred in the developing fetaihfant brain. The motor disorders
of cerebral palsy are often accompanied by distodes of sensation, cognition,
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communication, perception, and/or behavior, andhpa seizure disordefRosenbaum
et al., 2007)

In any case, CP affects children since they ara bod it severely limits their physical
and social activity. Depending on the location sederity of the brain injury, the effects
of CP can be very different for each patient. Mat@orders caused by CP are often
accompanied by epilepsy; by disturbances of semsatperception, cognition,
communication, and/or behavior; and by secondargconoskeletal problems.

Different classification types of CP are proposecbading with the clinical description
of the type, topographical distribution and seyesitthe motor impairment (Alberman,
1984; Howard et al., 2005; Ingram, 1984; StanldgjrB& Alberman, 2000).

By the type of motor impairment, CP classificatitan also change between authors.
Some authors classify the CP as Spastic, Dyskintixic and Hypotonic (Delgado &
Albright, 2003; Sanger, 2003; Stanley et al., 200®e World Health Organization’s
(WHO), in the International Statistical Classificet of Diseases and Related Health
Problems (10th Revision), propose his classificaiioSpastic quadriplegic/tetraplegic,
Spastic diplegic, Spastic hemiplegic, Dyskinetigstdnic and athetoid), Ataxic and a
group for the mixed cerebral palsy syndromes (Wbld@lth Organization, 2010); and
the Surveillance of Cerebral Palsy in Europe prepa@sclassification grouped in Spastic
bilateral, Spastic unilateral, Ataxic, Dyskinetigstbnic and Dyskinetic choreo-athetonic
(Cans, 2000). In any case, Spastic is the most aomgpe of motor impairment with
about 80 per cent of reported cases and it is cteaized by increased tone
(hypertonicity), high stiffness (spasticity), paibgical reflexes (e.g. hyper-reflexia,
spasticity) and high incidence of intellectual @igity. Ataxic CP presents loss of
muscular coordination, disturbed balance, tremdrranvements with abnormal force,
rhythm or accuracy. Hypotonic CP is characterizgdlimormally low tone, in the trunk
and limbs that must be distinguished from weakragskinetic CP is found more often
in conjunction with spasticity than alone. It isachcterized by the presence of
involuntary movements which may be athetoid (writhimovements, spasticity of
fingers, hands, head and tongue) and/or dystoigicl (posturing) and/or choreic (rapid
and jerky movements)(Stanley et al., 2000).

The topographical classification of CP is assodiatethe affected limbfuadriplegia
denotes the involvement of all limbs with the atmetng equally or more affected than
the legsdiplegiais used to describe more severe involvement oethethan the arms;
and Left or Righhemiplegiais the involvement of one side of the body onlithvthe
upper limb more affected than the lower limb.

The classification of CP by severity of motor impaénts assigns scales like mild,
moderate and severe (Balf & Ingram, 1955) or defjtheir own levels (Krageloh-Mann
et al.,, 1993; Palisano et al.,, 1997; Wood & Rosanha2000). The most useful
development in the classification of CP based engiwverity of motor impairments has
been the development of the Gross Motor Functias&lfication System (GMFCS).
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This classification is a five-level ordinal gradiggstem based on the assessment of self-
initiated movement with emphasis on function dursitjing, standing and walking.
Distinctions between different levels are basedumctional limitations, the need for
walking aids or wheeled mobility and quality of nemwent. Unlike other classification
methods, the GMFCS has been shown to be a vdlahles stable and clinically relevant
method for the classification and prediction of amotunction in children with CP
between the ages of 2 and 12 years (Howard et2@Q5; Palisano et al., 1997;
Rosenbaum, Palisano, Bartlett, Galuppi, & Rus268).

The GMFCS has been validated (Morris & Bartlett,020 Palisano, Cameron,
Rosenbaum, Walter, & Russell, 2006) and is the raosepted classification in the
recent years. Some studies have been carried ottnpare the different types of
classification providing conclusions like “the ddgation of CP by topographical
distribution is useful for clinical and epidemiologl purposes, the value of their
subgroups (quadriplegia, diplegia, hemiplegia) m@dicator of mobility is limited in

comparison with the classification of severity witle GMFCS” (Gorter et al., 2004).

Advances of the science to classify the CP morerately are still in progress. Bax et
al. propose 4 components to be considered in thel&Rification (Bax et al., 2005;
Rosenbaum et al., 2007):

=  Motor abnormalities:

- Nature and typology of the motor disorder: The ob=# tonal
abnormalities assessed on examination (e.g. hypartoypotonia) as
well as the diagnosed movement disorders presect, & spasticity,
ataxia, dystonia, athetosis.

- Functional motor abilities: the extent to which thdividual is limited
in his or her motor function, including oromotordaspeech function.

= Associated impairments:

The presence or absence of associated non-motaodeelopmental or
sensory problems, such as seizures, hearing oonvignpairments, or
attentional, behavioral, communicative, and/or diggdeficits, and the extent
to which impairments interact in individuals witfPC

= Anatomic and radiological findings:

- Anatomic distribution: the parts of the body (swshlimbs, trunk, or
bulbar region) affected by motor impairments oritations.

- Radiological findings: the neuroanatomic findinge @omputed
tomography or magnetic resonance imaging, such eadrioular
enlargement, white matter loss, or brain anomaly.
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= Causation and timing:

Whether there is a clearly identified cause, asislly the case with postnatal
CP (e.g. meningitis or head injury) or when braialformations are present,
and the presumed time frame during which the infgggurred, if known.

Communication problems are associated with alls@fiaation types of cerebral palsy.
However, the Dyskinetic Cerebral Palsy (DCP) is ofthe most affected groups by this
kind of problems (Bax, Tydeman, & Flodmark, 2006jding, Roebroeck, & Stam,
2006). This communication barrier is an importaiffialilty for people with CP during
their social, cognitive and academic developmentHhegy limitations to express their
thoughts or emotions.

Speech problems associated with CP are related patr control of respiration,
phonation, nasality and articulation, as a resuthoscular weakness, larynx or palate
dysfunction, and articulation that result from impise movement of the oral-facial
structures. The incidence of anarthria and dysar(difficulties in articulating words
due to emotional stress or to paralysis, incootdinaor spasticity of the muscles used
in speaking) varies in relation to the type andrdegf motor impairment. Moreover,
other communication disorders like hearing lossgleage delay or disorder may also be
associated with CP (Lindsay, 2008).

Children with CP may experience delayed languagesldpment as part of their
cognitive disturbance, or as a result of their latknteraction with their world and
reduced world experience. The motor limitations effect the production of speech,
facial expressions, gestures or body movementgedhete children’s ability to act as
effective senders of communication signals. Childngth CP take very little control
over conversation and their conversation pattemts gb risk of becoming passive
communicators. Moreover, they often fail to devebfull range of communication
skills having a risk of exclusion (Lindsay, 200&rRington & McConachie, 2001).

2.1.2. Dyskinetic Cerebral Palsy

Dyskinetic cerebral palsy (DCP) represents the(Q%-2f the incidence of CP (Madrigal
Mufioz, 2004; Robaina Castellanos, Riesgo Rodrigudzobaina Castellanos, 2007).
In general, DCP is mainly characterized by musmhe alterations and a varying element
of involuntary movement. Therefore, these patigmesent lack of coordination and
movement control affecting gait performance andyas control in seating position.
Face and tongue muscles are also affected leanlingdluntary facial expressions and
drooling. Although, primitive reflexes persist asplasticity is often present, it is not a
dominating feature. Muscle tone fluctuations dissgppwhile the subject is asleep and
worsen with emotional stress (Hernandaf et al., 2005). Some cases of DCP have
associated dyskinetic eye movements. In these tasessual function is slow, variable
and highly inefficient which further limits the conunication skills (RoulePerez &
Deonna, 2002; Wadnerkar, Pirinen, HaiBazrafshan, Rodgers, & James, 2012).

10



Chapter 2: State of the Art

A European study carried out with data of childvéth DCP born between 1976 and
1996 showed that 16% of the children walked withaids, 24% with aids and 59%
needed a wheelchair. Severe learning disabilityprasent in 52%, epilepsy in 51% and
severe visual and hearing impairment in 19% andré%pectively (Himmelmann et al.,
2009).

The presence of anarthria or dysarthria is alsoncomin DCP due to inferior
intelligence level or uncoordinated phonatory mescimaking necessary the use of
alternative communication aids. These problemsecempanied by other impairments
as learning disability. Moreover, growth is ofteantipered due to feeding difficulties
and enhanced energy costs (Himmelmann, HagberduldkEek, & Uvebrant, 2007).

Cognitive performance in DCP varies between beioippietely normal and severe
mental retardation. This heterogeneity dependsewaral factors, including the type of
paralysis and associated cerebral lesions (e.camxamidal motor system, pyramidal
tract, basal ganglia) as well as the methods usethé neuropsychological assessment
(Pueyo-Benito & Vendrell-Gomez, 2002). However,ading to international statistics,
most of DCP users (96%) are classified as “educalip subnormal” (Evans, Evans, &
Alberman, 1990) while the intelligence level of @€rsons is normal in a range of 50-
70% (Pueyo-Benito & Vendrell-Gémez, 2002) and up7&% for DCP (Madrigal
Mufioz, 2004). Cognitive skills of children with DGRan be masked by limitations of
motor control and by the lack of communication itib8, which leads to deficient
learning possibilities for the most children witiCB.

These physical and cognitive disorders derived lret@rogeneous group of problems
related with daily living, affecting to all develogntal stages: childhood, scholarship
and adulthood. During childhood, the “Early childdointervention” (a healthcare

program oriented to children with DCP since they@dagnosed until they are six years
old) is crucial to children development, providstgnuli to enhance the development of
child capabilities, learning abilities, knowledgfetlee environment and social behaviors
(Madrigal Mufioz, 2004). Therefore, inefficient gechildhood intervention or existence
of delays for its performance will limit the devploental capability of the child.

Children with DCP have a high impact on the famgégvironment, which varies

depending on the severity, and it will be preséomg@all life of the subjects. On the one
hand, the parents must help the child in the perdoice of most daily living activities,

leading parents to emotional interdependence amdrguout. The first one, emotional

interdependence, is related with work absenteeisth disregarding of other family

members and friends due to guilty feel. The seaam burn out, provokes important
health problems (Madrigal Mufioz, 2007). In additibrothers think that parents do not
pay enough attention to them, deriving in behawdbanges such as hyperactivity,
aggressiveness or low school performance (Madkygioz, 2004).

During scholarship, most of DCP children requireirgividual learning program to
overcome their difficulties. Depending on the dikgbdegree, they can attend a
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conventional school or a specialized learning ag&imghi, 2004). The main difficulties
at this stage are focused on learning process (ly&dviufioz, 2004). Their intelligence
level is not evaluated correctly (Evans et al.,a)3flie to their motor disabilities, speech
and perceptual disorders (Pennington, Goldbart, &rdtall, 2008; Singhi, 2004).
Specifically, DCP children have a normal intelligenbut have problems with eye
movements and communication that hamper learniogagsses (Singhi, 2004).

Therefore, a key objective in learning program &align is to enable an effective and
efficient communication to facilitate learning cajtp and dexterities acquisition.

Moreover, along this stage, the communication Wl critical for participating and

playing with other children, interacting with thevironment, developing as much as
possible their cognitive, social, physical and etifee capabilities to reach an
independent life (Madrigal Mufioz, 2007).

During adulthood, the aforementioned factors ase ahportant, but the key processes
are related with socialization, decision-making #mel possibility of performing a job.
Their communication skills together with parentditades will also be a key aspect on
these processes. Negative attitudes or overprotegtill restrict child development
(Romero & Celli, 2009). The parents should not amsuesponsibilities of their sons
(corresponding to their age and capabilities) baytshould enhance decision making
and independent living of their sons.

During the last 60 years, the improvement and ackaents of healthcare services and
rehabilitation methods together with the developmand use of Augmenting and
Alternative Communication (ACC) Languages (whiclvén@nabled their interaction
with the world and substantially improved their igyaof life) have doubled the life
expectancy of the DCP collective, now reaching @@«&ars on average.

2.2 Augmentative and Alternative Communication Systemsand Lan-
guages

The American Speech-Language-Hearing Associatidimete the Augmentative and
Alternate Communication (AAC) as any kind of comnaation mechanisms (other than
oral speech) that are used to declare thoughtss jdeants and needs. People with severe
speech or language problems rely on AAC to supphragisting speech or replace
speech that is not functional. Special augmentadids, such as picture and symbol
communication boards and electronic devices, aslable to help people express
themselves. This may increase social interactionoa performance, and feelings of
self-worth (« American Speech-Language-Hearing fisgion », s. d.).

Communication commonly combines verbal and nonaletbchnigues to send a
message from one person to another (Alant, Born&ddpyd, 2006). The mode of

communication chosen relies on the person’s kil ,context of the conversation, who
they are communicating with and the intent of thessage (Light & Drager, 2007).
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There are several options when people cannot esxkgo communicate effectively in
all situations. These options are classified intw tgroups: unaided and aided
communication systems. Unaided communication da#Esre&quire equipment use
outside of the body, for example the manual sigrs @mmunication boards or sign
language (Fosset & Mirenda, 2009). Aided commuitoainvolves external digital
devices equipped with a pre-formatted symbol @eteicreen of which can be accessed
on a computer-based format or personal laptop baseadsers’ cognitive and physical
capabilities (Rocon, 1999). Most AAC users comliiath aided and unaided techniques
for their communication needs according with thetest across a range of interlocutors
(American Speech-Language-Hearing Association, 2004

An AAC system consists of a package of techniquest@chnologies that constitute the
‘total communication’ for a specific individual. ¥ system is based on the
communication medium, a system of representing ingam means of access and
strategies for interacting (Royal College of Speaati Language Therapists, 1996).

= Communication medium refers to the way to transh@tmessage. This might
be via unaided or aided systems. The UNE-EN ISO9999ngs assistive
products for face-to-face communication (UNE-EN ]2012) in letter and/or
symbol sets and boards, communication amplifieedpgue units and software
for face-to-face communication.

= The system of representing meaning, ideas and ptnaecludes body
language, pictures, gestures, facial expressi@istipgs, words, line drawings
or Bliss symbols.

= A mean of access to the communication medium rédetsols to interact with
the assistive products, for example, keyboard,it@areen or a switch to scan
from an array of letters/words/pictures and are aisluded in the UNE-EN
ISO 9999.

= Strategies are plans to efficiently utilize symbadgds, and techniques to
improve communication. For example being able &otaip a conversation,
maintaining a conversation by turn-taking and usjngstions, repair strategies
when communication breaks down (C.-G. Kim, Kwakk,T& Song, 2011).

There is a wide range of augmentative and altermadéinguages using pictograms or
images. Some of them are proprietary softwareMkeSpeak, Pictured Communication
Symbol (PCS), DynaSyms, Picture Exchange CommuaitaSystem (PECS),
Pictogram Ideogram Communication (PIC), Widgit otdP. Besides, there are several
languages in free open-source format like BlissyinpARASAAC or IMPACTEZ2. The
most extended alternative and augmentative language PCS, Minspeak and
Blissymbolics. However, other non-commercial pugpsslutions have been recently
developed and are available for future applicatlib®esARASAAC or IMPACTE2.
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PCS was developed by Mayer Johnson (1981) anddnigposed by 3000 symbols that
can be completed with characteristic symbols frém own user cultural symbols
(« Magatzem d’icones catalanes », s. d.). Symbapsesent the concept to transmit
because this language is addressed to people imithesand expressive language and a
limited vocabulary. Users can build sentences falg the color code (e.g. yellow for
people and green for verb) of Fitzgerald (1954)e Thain limitations are its poor
communication capability and it is proprietary s@fte (« Pictured Communication
Symbol », s. d.).

The symbols of Minspeak (developed by Bruce Bak&82) do not have a pre-

established meaning but it is defined by the usdrthe speech therapist, allowing user
personalization. Moreover, the symbols can haveersévmeanings (semantic

compaction) so users can express multiple messagesa reduced set of symbols.

However, this is also a proprietary software («$fieak », s.d.). Ilts owner also
commercializes several conceptual boards for itddmentation (e.g. Deltatalker with

2 million of messages).

Blissymbolics language (Bliss, 1949, 1978) was spcifically designed for people

with speech disabilities but as an auxiliary intgional language. Despite, it has two
main advantages compared to previous one: (i) &pen-source and (ii) higher

communication capability. It has 2000 symbols amsérsi can create new symbols
combining existing symbols. It allows generatingnbpls to distinguish, among others,
singular/plural or verbal forms. Users should bke &b understand this visual symbolic
representation, which is complex for users withritdge damage or for users used to
written or spoken languages. Its main problemas ithis difficult to understand by non-

experienced users (e.g. therapists, rehabilitaieashers, family members). However, it
can be solved using current translators or a spggthesizer.

The Center for Special Care and Rehabilitation (EARleveloped IMPACTEZ2
(Imagenes PAra ComunicarTE), a collection of imaigedigital format to facilitate
communication among people with some kind of spgmoblem. The last version has
800 images including the most commonly used vo@apullthough these designs are
not a communication system, IMPACTE? is designeduich a way that it meets the
characteristics to fulfill its purpose.

Aragonese Portal of Augmentative and Alternativen@wnications (ARASAAC) is a
pictographic system developed in 2008 by Centrogdnas de Tecnologias para la
Educacion (CATEDU), a non-profit organization tdatrelops educational materials for
people that have special communication requirememitzday the ARASAAC
pictographic system is formed by more than twehousand full-color and black-and-
white pictograms, which are classified into fortyeo categories. Unlike PCS,
ARASAAC does not have the orthographic represeoriaif the image and is distributed
under a Creative Commons license.
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Some alternative languages like PECS or PIXON mepbeir own methodology for

learning processes. PECS is characterized by tttetliat it does not require any
demanding prerequisite and it start with the teaghif requesting for preferred items
and activities. Teaching functional verbal operamith prompting and reinforcement
strategies carries out learning process in PECSba¥grompts are not used, thus
building immediate initiation and avoiding prompgndency (Lancioni et al., 2007;
« PECS (The Picture Exchange Communication System)d.). PIXON is based on
the selection and use of high frequency core vdeapand organized by Part-of-Speech
(POS) categories. The objective of PIXON is to jps®a curriculum for the systematic
development of language with children using AAGatgtgies. The curriculum being
developed involves the creation of modules for #Hystematic introduction of

vocabulary, using normal language development aswardel for vocabulary selection.
While the modules are not in a strict developmeuoiidér, they are driven by the goal of
providing words and language functions developedhitdren by the age of 3. Each
module builds upon the previous module, until thiégdchas, at a minimum, access to
150 core words with words from a full range of wgmbups. The words selected for
each module were based on the decision that the wfth complex communication

needs requires a system that will allow his/heglege to grow (Van Tatenhove, 2008).

When planning an AAC intervention, it is importdotselect a system of representation
that the individual can understand. People whalapendent of an AAC generally use
a variety of types of symbols throughout their $ivtherefore, the objective of an initial
symbol evaluation is to select the type(s) of syimlibat meet the current needs of
communication and that require minimal time forrigag. Over time, additional
symbols assessments may also be performed tofiddmisymbols that may be used in
the future. (Fosset & Mirenda, 2009)

2.3 Assistive Products

Support devices can vary from paper sheets toretéctboards (which can be either
static or dynamic). The static electronic boardd g¢gmbols are simultaneously
displayed) are limited to a single AAC code anccasmunication capability is limited
to the number of physical symbols of the board. &wgit devices can manage a higher
number of symbols and allow modifying and addingvr@nes, enriching the code.
Dynamic devices can be dedicated devices develfiqgecbmmunication purposes or
non-dedicated devices such as tablets PC. Mostviteks are dedicated but during the
last years, there are different initiatives to depecommunication software for non-
dedicated devices.

The organization and layout of information can sdo/facilitate or impede the accuracy
and efficiency with which AAC users are able todt®; select, and functionally use the
concepts (Light & Drager, 2007). Vocabulary in coomication devices and software
for AAC are often presented in a grid format (ThBd®X, Say-it! SAM, Liberator

Vantage Lite, Dynavox). The vocabulary items mapiganized by spoken word order,
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category, frequency of usage or using graphicaha@es (Visual Scene Displays —
VSD).

(Light et al., 2004) carried out a research aboaitéarning demands of different layouts
and organizations of AAC technologies: (1) a taxuoiogrid layout (i.e., symbols
organized according to hierarchical categoriesdigplayed in a row-column layout);
(2) a schematic grid layout (i.e., symbols orgashiaecording to events or experiences
and displayed in a row-column layout); (3) a sch@naisual scene layout (i.e., a
contextual scene of an event with concepts embedidéel hot spots in the scene); and
(4) iconic encoding (i.e., an encoding techniquevinch line drawings that are rich in
semantic associations are used in combination®@sscto retrieve single words or
phrases). Although the results depend on the agmmitipating children, this study
provides several interesting conclusions. In gdntra iconic encode was significantly
difficult to learn by children between 4 and 5 yed@ome children had trouble with all
form of vocabulary arrangement on initial exposbig,after just one session performed
significantly better with the visual scenes thagrid format. In general, VSDs look like
an important representation form for beginning camivators compared to traditional
grid displays. The main advantages of VSDs arddhawing (ACN, 2004; Drager et
al., 2004, Light & Drager, 2007):

= The scenes provide familiar events or activitiethm user’s lives, maximizing
the meaningfulness of the representations.

» Visual scene display present language conceptsritext, providing support
for user's understanding.

» Visual scene displays, by definition, organize laage schematically according
to event experiences. This approach is congruetit thie organization of
language concepts when a child is learning a laggua

= Visual scene displays keep the conceptual and Iviglationships between
symbols that occur in life (i.e., location, propontality of concepts, etc.).

= Visual scene displays enable communication parthergarticipate more
actively in the communication process (providingciab interaction).
Communication partners assume a supportive roleneiéded, to make
interaction easier for beginning communicators imdividuals with cognitive
and linguistic limitations.
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Figure 2.2. Contrasting types of AAC displays. Tradional grid display and Visual scene
display.

There are several solutions using VSD like Q-Talkgraphica, Springboard-lite or

Vmax+. The main differences between these deviceshe pictures/symbols used,
navigation mechanism, type of feedback to the asdrweight of device.

2.3.1. Mean of access

There are two basic access methods for using AAGceg, direct selection and
scanning.

Direct selections allow the user access to allipesssymbol choices at all times. This
kind of selection can be carried out with keyboandswitches, light and optical pointers
or eye-gaze (Glennen, 1997).

Keyboards can be used by pressing the buttonsanittbody part (fingers, hands, head,
eye-gaze, etc). Usually, interfaces with keyboaaisbe with mechanical pressure keys
(e.g. Delta Talker, Alpha Talker, Sidekick, Chathdruch membranes or touch screen
surfaces (e.g. Parrot, Dynavox-Maestro, Hawk, Sfigsdy, Mercury). For those cases
where the users have low muscle tone and are unabépply enough pressure,
membrane surfaces are a good solution by the itBeydressure needed for activation.
Moreover, several studies conclude about the impo# of user feedback during
keyboard interaction. Some proposed solutions feer Ueedback are the use of
electrotactile or vibrotactile membranes, lightdbwr auditory signals (Glennen, 1997;
Kaczmarek, Webster, Bach-y-Rita, & Tompkins, 199%jhen physical capability
affects the interaction with traditional keyboardsyitches allowing very separate
elements could be a solution. However, this smfulimits the number of messages to
be transmitted.

Light and optical pointers are methods for direstestion of elements onto the surface
of a communication system. Typically, these kindipainters are mounted on user’s
head or glasses or held in a hand. This is a bealkfhethod for users with good fine

motor control.
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Direct selection pointing can also be achieved & Gaze (Bates, Donegan, Istance,
Hansen, & Raih&, 2007). This technique is baséation of gaze in objects or pictures
on a panel or screen. There are non-technologiatien like ETran (a clear plexiglass
board) or more technological systems with dynandeens with eye-tracking by
cameras like Dynavox Eyemax System, Eye-com or iTobinmunicator (Corno,
Farinetti, & Signorile, 2002). Other solutions baée® video analysis for direct selection
are proposed. This consist of a visual trackingatfts of the body like pointer, for
example, tracking eyes, nose, mouth or fingersk@esips, & Fleming, 2002).

For users with reduced movements, especially iim trends, direct selection systems
generally are not a good alternative. This kindusérs use scanning as a mean of
alternative access (Light & Drager, 2007). Scanninthe sequential presentation of
choices (letters, words, or pictures) and the siseds a signal when the desired item has
been reached (activating or releasing one or muitetses). In this type of selection, the
options are usually highlighted by a cursor movingn established pattern over an array
of items on a screen. In some cases, with a lagefstems, elements are arranged in
groups. User first chooses the group associatie tdesired item and then the item itself
(Treviranus, 1997).

(Lee & Thomas, 1990) describe four general tectesgqf scanning:

= Automatic scanning: The scanning indicator movesouph items by
highlighting each item or groups of them. The sesimrmake selections when
the scanning indicator (or cursor) is on the desiteice and the user activates
the selection switch.

= Step scanning: With this technique, through stépsuser has the control of
scanning speed. Thus, more switch activationsexqaired. When the desired
item is reached, the user releases the switch.abkence of a switch press is
the signal that a selection has been made. Thentysof this approach is that
the user can go at their own pace according to ftgysical and cognitive
limitations.

= Inverse scanning: The cursor or highlight advanbgsmaintain switch
activation. While the switch is activated, the Hight pauses at each item for a
scan interval. The item is selected when the weeases the switch.

= Directed scanning: Separate switches are usechtootthe direction of cursor
movements. The switches can be in step or inveosem

According with the way to present the items to tiser, several scanning patterns are
proposed. The most common are circular, linear gnodip item scanning. In linear
scanning, the options are presented one at a ting line-by-line pattern. Circular
scanning operates in a similar way but the iteressaanned in a circular pattern and
they are arranged in a circle. In group item saagritems are grouped and the scanning
indicator will first scan by groups. When the uselects a group the scanning indicator
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will scan each item inside the group. The most ygedps are row/column and block
or quadrant scanning (Beukelman & Mirenda, 2005,ulo & Esser, 1991; Surdilovic
& Zhang, 2006; Vinson, 2001).
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Figure 2.3. Most used scanning patterns. a) lineacanning, b) row/column scanning, ¢)
block scanning.

Each scanning technique and pattern requires diffephysical, cognitive and
perceptual abilities of the user (Treviranus & Tecky 1987). For this reason, the
scanning mode has to be chosen according with #e oeeds and limitations
(Ottenbacher & Angelo, 1994).

Despite the benefits of scanning, this selectiothotkis very slow and has high learning
demands especially for user with cognitive anduiatic limitations. Therefore, several
acceleration techniques have been developed wiiimlv #@em selection to transmit
larger quantities of information (Treviranus, 199Abbreviation expansion is an
acceleration technique that translates one or aé®ctions into a longer message which
would otherwise require many selections (Light,9;98anderheiden & Kelso, 1987). A
second technique known as linguistic prediction camplete the spelling of a word
once a few letters have been entered (Swiffin, fyrickering, & Newell, 1987).
McCarthy el al. propose a scanning method usingations and speech output with
appropriate intonation. In this way, the lack okeg in learning and accuracy was
improved (McCarthy et al., 2006).

To reduce access time to items in a grid for tifferdint scanning patterns, (Kulikowski,
1985) proposed an ideal relationship between sogrdimensions and the selection set
size as shown the Table 2.1. (Shein, 1997). Themsion 1 is the linear scanning pattern
while row-column scanning has a dimension of 2. @aiat scanning of an 8x8 matrix
has a dimension of 3 and further groups or pagegenerate additional dimensions.
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Table 2.1. Ideal selection set with respect to scaing dimension.

Dimension Selection Set Size
1 1
2 6
3 22
4 85
5 331
6 1288
7 5006
8 19449

Nowadays, scanning solutions are being adaptegbeoific characteristics of users.
Some proposed solutions for scanning are focusevitthing by head movements,
pressure sensors, electromyography or mechanonptogrédlves & Chau, 2010;
Belda-Lois et al., 2006; Dymond & Potter, 1996 Hhiang et al., 2006).

In general, DCP users need an input interfaceléztsend point at the desired concept.
However, their lack of movement and posture contstrain the possible interfaces to
be used. Typical HMI such as keyboards, a moudeunh screens cannot be used by
most of DCP users, and they have similar problertis more natural interfaces such
as speech, gesture or eye tracking commands (Be#te 2002; Jilin Tu, Huang, & Hai
Tao, 2005; Mauri, Granollers, Lorés, & Garcia, 20Rby & Hancock, 2009). Most of
DCP users use an scanning system combined withcomrertable section/control
systems such as pushing with their head or shoalgknst a switch (Swinth, Anson, &
Deitz, 1993) o sipping-puffing air through a snstlaw (Bonnat, 2010; Mazo et al.,
2002), or being helped by a third person (caregivar family). However, both
approaches have low bit rate and high amount ofedue to delay between DCP users
“intentions” and the actual “execution” of the acti
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2.4 Brain-Neural Computer Interfaces

Brain-Computer Interfaces (BCI) are devices thad aot dependent on actual
movements. BCls process directly the user inteatimd translate the corresponding
brain activity into messages for the environmenphyviding real-time feedback to the
user (Dornhege et al., 2007; Wolpaw et al., 20B23in-Neural Computer Interfaces
(BNCIs) are an extension of BClIs that also rely passive monitoring (which might
assess workload or user fatigue without providiagl-time feedback); information
derived from the peripheral nervous system (suchat®r unit action potentials that
trigger muscle flexion); and indirect measures @&unal activity (such as the
electromyography: EMG) (J.C. Moreno et al., 2010).

Several neurological diseases such as musculaogist amyotrophic lateral sclerosis
(ALS), high spinal cord injury or cerebral palsyyraad to severe motor impairment
and paralysis making communication hard or evenossible. The ultimate goal of
BNCI research is to provide a nonmuscular-drivermmuinication channel for
individuals who are no longer able to communicate t severe physical impairment.

In 2003, Mason & Birch proposed a functional maafed BCI system. This model have
been improved with the model of (Cook & Hussey,208hich include several concepts
from the U.S. Institute of Medicine (I0M) modeldisability (Engineering & Medicine,
1997). Their final model is shown in the Figure. Zhe figure depicts a generic BCI
system in which a person controls a device in aratjing environment through a series
of functional components. The Transducer transl#iesperson’s brain activity into
usable control signals.

The sensors placed on the head of the user relertrain signal and convert it to
electrical signals. The amplifiers (amp) amplifydabandpass filter the signals. The
Artifact Processor removes the artifacts from tleeteical signal. The Feature Extractor
transforms the signals in feature values that epord to the underlying neurological
mechanism used by the user for control. The Fedaeslator translate the outputs of
the Feature Extractor into logical control signals.

A Control Interface translates the relatively loindnsional transducer output into
higher dimensional values. The Assistive Device JADmponent uses these control
signals to perform a desired activity or functi@aghashati et al., 2007; S. G. Mason &
Birch, 2003; S. Mason et al., 2005).
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Source: (Mason et al., 2005)
Figure 2.4. Functional model of a BCI System.

There are several technologies to acquire braivigcCurrently, electroencephalogram
(EEG) is the most common signal source for BClsumans. Unlike methods like MEG
(magnetoencephalography) and FMRI (Functional MagriResonance Image), the
popularity of EEG is primarily due to its non-inwaes nature, relatively low price,
portability, and wide availability. Invasive recand technologies have a better signal-
to-noise ratio, however, they also pose a condidietagher medical risk compared to
the non-invasive EEG and are currently only empdofge medical reasons other than
BCI, such as pre-surgical epilepsy monitoring.

EEG signals are the differences in electric posméicorded from electrodes placed on
the scalp and reflect the temporal and spatial satiom of electrical inputs to large
groups of neurons lying beneath the recording eldet EEG signals have small
amplitudes (16 Volt) which make EEGs very sensitive to noise artifacts. Artifacts
are signals that do not originate from the brain Mohich may influence the BCI output.
The most frequent artifacts generated by the usemaiscle activities (which can be
measured using the EMG) and eye movements (measiadtie electrooculogram,
EOG). Artificial noise is usually due to nearbyattenic devices (e.g., 50 Hz power line
interference). Indeed, the user's current mentanootional state may also affect the
measured EEG activity and cause transient distet{dlyrden & Chau, 2015).

According with the neuromechanisms and recordimiprielogy to generate control
signals, (Wolpaw et al., 2002) categorized the B@tems as five major groups. These
categories are sensorimotor activity, P300 evoladntials, Visual Evoked Potentials
(VEP), Slow Cortical Potentials (SCPs) and Activiof Neural Cell (ANC).
Additionally, to consider those BCI systems tha¢ m®n-movement mental tasks as
control mechanism, Bashashati et al. (2007) prapdseo additional categories:
response to mental tasks as changes in the brgihnd with motor imagery (i.e.
imagined movement) (Kubler et al., 2001; McFarlaatal., 2000; Pfurtscheller &
Neuper, 1997) and multiple neuromechanisms as abication of two or more
neuromechanisms. Below there is a brief descripgfothe different categories of BCI
systems proposed by (Wolpaw et al., 2002):

= Sensorimotor Activity: When a person is not enghmpeprocessing sensory
inputs or producing motor outputs, he originatethasensorimotor cortex Mu
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rhythms in the range of 8-12 Hz and beta rhythmtfénrange of 13-30 Hz. A
movement or preparation for movement is typicatlgaanpanied by a decrease
in the mu and beta rhythms. This decrease is -cafiexkent-related
desynchronization” (ERD). Its opposite, rhythmsreases, called “event-
related synchronization” (ERS) occurs after a vidunmovement.

Slow Cortical Potentials (SCPs): SCPs are slow,-momement potential
changes generated by the subject. This technigsi¢ohbe trained in several
sessions. The rhythms reflect changes in cortilalrization of the EEG lasting
from 300 ms up to several seconds.

P300 evoked potentials: P300 is a positive peakewo the EEG over the
parietal cortex at about 300 ms after a controfiéchulus. This controlled
stimulus can be an infrequent or particularly digant auditory, visual, or
somatosensory stimulus, when interspersed witluéetior routine stimulus. A
P300-based BCI has an apparent advantage in thequtres no initial user
training: P300 is a typical response to a desiteice.

Visual Evoked Potentials (VEPS): VEPs are smalhges in the ongoing brain
signal, over the visual cortex. They are genermtegsponse to a visual stimulus
and provides the direction of eye gaze, and thudetermine the direction in
which the user wished to move a cursor (Wolpawl.e2802). If the flicker
frequency of a visual stimulus are higher than @Hzeriodic sequence of VEPs
is generated — a steady-state visual evoked patef8SVEP)— which is
frequency locked to the flickering target (Guand@gin, Xiaorong Gao, Yijun
Wang, Bo Hong, & Shangkai Gao, 2009).

The VEP-based communication systems depend orstrés ability to control
gaze direction. Moreover, for those user whosebilisas cause uncontrollable
head and neck muscle activity, scalp EMG can impeel@ble VEP
measurement and reduce performance (Sutter, 1992).

Activity of neural cells (ANC): This is an invasiwategory where intracortical

electrodes are used. The firing rate of neuromisanmotor cortex can reveal the
direction of the movement. This category has besaduo control the cursor

movement to select icons or letters on a computees.

Operating with Event-Related Potentials (ERP) sgysteas P300/SSVEP-BCIs is
generally easier than operating with event relatethges in the oscillatory EEG activity
(ERD/S-BCIs), because the elicitation and the dietecof ERPs are time-locked to
external visual stimuli (synchronous operation gdayan). ERD/S BCls usually require
longer training periods (from days to weeks) anti@@ble information-transfer-rates
are lower. However, they allow autonomously andimtarily modulating brain activity
each time a message needs to be sent (asynchrogpenagion mode). Moreover, recent
studies are improving solutions to reduce the legrtime and the high mental workload
to maintain concentration (D. Huang, Qian, Oxenhiaei, & Bai, 2011).
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Another available ERP is the N2PC which is a negatieflection in the EEG
approximately produced 200 seconds after a vigimubis (see Figure.?). The N2PC
has been widely studied to determine its relatignshth selective attention to locate
stimulus in certain area of the visual field, giyims a result, stronger deflection
amplitudes in the opposite area of the visual gortdere the stimuli is located.
However, this potential has not been used yetnirobBCl systems (Eimer, 1996; Kiss,
Van Velzen, & Eimer, 2008; Sirvent Blasco, lafiebeda, & Azorin, 2012). Sirvent
Blasco et al., (2012) have used the N2PC togetiitertive P300 like communication
tool. Both evoked potentials were combined to iaseethe hit rate of the system. The
main drawback is a higher number of electrodesired{16 electrodes) when compared
with the P300 approaches (5 electrodes).

Form Discrimination Task

N2pc
<}, cooms N

pa ot oR
Color Discrimination Task _ __ rarger Loft

............. ~Target Right

Source: (Eimer, 1996)

Figure 2.5. ERPs elicited in two tasks (form and col) with targets in the left side (straight
lines) and the right side (dashed lines) at lateraiccipital electrodes OL and OR.

A way to improve the performance of a BCl is theed&on of the so-called Error-related
Potentials (ErrPs) (Combaz et al., 2012). ErrPsvgeiggested to be generated in the
anterior cingulated cortex (Ferrez & Millan, 20@nd related to the subject’s perception
of an error (Holroyd & Coles, 2002). A mistake @ldwed by a positive potential
centered at the vertex that peaks about 180 ms thfteincorrect selection (Schalk,
Wolpaw, McFarland, & Pfurtscheller, 2000). The EriiR the EEG are associated to
errors made by the subject himself and when thereséizes that the interface failed to
recognize properly his intention (Combaz et al120This technique is actually being
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improved. ErrPs improvements in BClI communicatioe #ocused on the current
necessity of gathering enough training data, thgoimance of minimizing the amount of
false positives in a single trial detection and $freng noisy component of the EEG
signals (Combaz et al., 2012).

Providing on-demand control is crucial for BCI uilih One way to enable on-demand
ERP-based access would be to present control codsr@anthe screen and flash them
all the time. Unless the user is intentionally adieg to the flashes, no P300 is evoked
and thus, no control command will be selected. Aeobption would be to combine the
P300 system with an ERD/S-based BCI or other @pbisiological non-EEG signals
(Hybrid BCIs). On-demand ERD/S based control ig/\difficult to achieve and so far
are only a few groups reported on real-time sys{@n&. Mason & Birch, 2000; Millan
& Mourino, 2003). This approach, however, wouldlgef the most natural way of
interaction because user is in control of timind apeed.

One issue, which limits the practicality of nondsiwe BCls are the EEG sensors.
Usually wet sensors are used which require scalpgpation, the use of electrolytic gels
and need to be reapplied frequently to maintain@gsignal quality. Lately reports on
dry electrodes (Gramatica et al., 2006; Matteutel.e2007; Popescu, Fazli, Badower,
Blankertz, & Muller, 2007; Ruffini et al., 2007) agll as active dry sensors (Fonseca
et al., 2007; Zander et al., 2011) were publishésing these technologies, the first
generation of such devices became commerciallylablai recently (e.g. Emotive,
Neurosky).

2.5 BNCI applications

The main and the most investigated applicationsthef EEG based BNCI are
communication aids such as spelling devices (Neeifpalr, 2006) and Internet-browsers
(Mugler et al., 2008), the restoration and rehtiibn of lost motor function (Muller-
Putz et al., 2005; Neuper et al., 2003; Pfurtsenelt al., 2003), the control of assistive
devices in real and virtual environments (e.g. Wdtesr (Galan et al., 2008)) and
entertainment (e.g. arts performance or computereggHalder et al., 2009)).

The Graz University of Technology developed an ERBCI based spelling systems
that enables user to communicate by selectingréette form words and sentences
(Scherer et al., 2004). One selection strategy split the alphabet iteratively according
to a predefined procedure, until the desired lédtesolated. The simplest method uses a
binary control signal, which requires two distintiental activities. Patients with
disability, included people with Cerebral Palsyyéndearned to operate the virtual
keyboard in this way (Christa Neuper, Scherer, &gi& Pfurtscheller, 2005; C Neuper
et al., 2003). In contrast, P300 BCI can be usedpelling without previous training
with a high success rate in Amyotrophic Laterak8udis patients (F Nijboer et al., 2008;
Sellers & Donchin, 2006).

25



Advanced Augmentative and Alternative Communic&imtem Based on Physiological Control

Regarding to Internet access, there have beenopie\attempts to create a BNCI
browser enhancing internet accessibility such ass4V, “Descartes”, “BrainBrowser”
(full review in (Mugler et al., 2008)). Although @ of these systems achieved
significant success, each of the existing systeassits important disadvantages, and
none of them is a widely used application. Recetily P300 based BCI internet browser
was developed, which uses the P3Speller paradigsefection of the desired links and
allow the following browser functions: navigatioforvard, back, reload, and home),
data form entry, address bar entry, and scroll mgh scroll down. These functional
options are all presented as icons in an expandsd8form of the traditional 6-by-6
P3Speller matrix in BCI2000. However, it is necegs® incorporate user-specific
functions in the program and implementation of rtheersonal suggestions and
preferences.

Following this approach, there are also some speaibplications such as Brain-
Painting: SMR-BNCI (Halder et al., 2009) or P300IBf&2sed “Brain Painting”. The
former uses the cursor task module of the BCI20@Wvare to present the painting menu
to the user. The menu was modeled after the esigolihex-o-spell typewriter system
developed by the Berlin BCI group (Krepki, Blanker€Curio, & Muller, 2003). The
latter, developed by the University of Tubingenesighe P3Speller to present the
painting matrix to the user. The rows and colunfrie@matrix are intensified in random
order as with a P300 Speller System (F Nijboer.e2808). The use of the painting
application has been successful in out-of-the-tatdions (Klbler, Halder, Furdea, &
Hdosle, 2008).

In relation with other fields such as mobility, etFERD/S BCI applications have been
proposed. The Graz University of Technology devetba 2-class ERD/S BCls (called
BrainSwitch) to operate a functional electricafatlation (FES) system to control hand
grasp for using at patients’ home (Gert Pfurtsenet al., 2003); to control a wheelchair
in a complex virtual environment; to operate thierinet-based Virtual Google Earth
application; or to play video games by using nawagacommands “Rotate Left”,

“Rotate Right” and “Move Forward” (Scherer et &009). The latter two applications
were based on the first BNCI able to detect motagery patterns in the on-going EEG,
key for real-world applications were user requiteess to communication at any time.

2.5.1. Limitations of BNCI Systems

Over the past ten years it has been demonstrategdtients with severe motor disability
are able to control a BCI (e.g. to select letterd thus to communicate) by regulating
their slow cortical potentials (SCP) or sensory-onohythm (SMR) and ERD/S or with
the P300-BCI (Birbaumer et al., 1999; Kiibler et 2005; C Neuper et al., 2003; F
Nijboer et al., 2008). However, BCI presents selaréts that are associated to the type
of application and the efficacy of implementatidhe main constraints are:

» The non-stationarity and the inherent variabilifyEEG brain signals. Data
from the same experimental paradigm but recordedifterent days are likely

26



Chapter 2: State of the Art

to exhibit significant differences. Additionallyhé noisy superposition of the
electrical activity of large populations of neurasmeasured on the scalp can
mask the underlying neural patterns and hamper tfedection. Besides the
variability in neural activity, the user's currenéntal state may also affect the
measured signals: stress, excessive workload, tiaraat frustration may cause
temporary distortions of EEG activity. User adaptato the BCI as well as the
changing impedance of EEG sensors during the cafireeording contributes
to making the recorded signal statistically noriistery

Initial training time required to achieve BCI canitrTypically, over 20 hours

are reported in the literature (Kubler et al., 200#1) except for VEP- or P300-
based systems, which only require a short calilmatt the beginning (F Nijboer
et al., 2008).

Data transfer rate, which has a current upper irtetween 25 and 50 bits per
min (Krepki et al., 2003; Randolph, 2007; Wolpavakt 2002).

Cumbersome preparation and de-preparation of &otretles required for EEG
recording (20 and 60 or even more minutes). Degredjon requires washing
the hair. Solutions for this are the reductiontef humber of electrodes or the
use of dry electrodes. However, the quality of eigetrodes, currently, is
inferior to signals recorded from the classicatigg$ed electrodes (Zander et
al., 2011).

Effectiveness level is a key problem (Wolpaw et 2006). Depending on the
application the consequence of the misclassifinatb a signal can cause
frustration (and abandonment of the system). Cingoaind fitting the system
and the protocol is critical to adoption (Wolpawakt 2002).

Lack of out-of-the-lab use of BCI systems. Up tevrfor successful BCl use, a
user would need the supervision of a BCI expert aueng period. This greatly
limits the number of potential users. Only a felwdeatories are willing and
experienced to visit people at home and superhise {(Jackson, McClendon,
& Ozawa, 2010; Vaughan et al., 2006).

BCls have been tested and used mainly on adulergatiwith different
degenerative neurological diseases. BCI reseaidts lthe diversity of the
targeted population. For example, up to now, tlaeeeno documented cases of
children with DCP communicating by means of BCI.

Because of these and other limitations and chadlengnly a few commercial BCI
products are available on the market today (e.ggeGu echnologies OEG, Brain
Products GmBH, Biosemi, BV, NeuroSky, Emotive Syse BrianGate). Moreover,
most of available products can be classified ascarding hardware for clinical and
research purposes, and not as BNCI system readipioe use.
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2.6 Other physiological signals and sensors for AAC

Motion and posture sensing, by means of inertinkses can be used like input for a
communication system (i.e. to control a joystick)amidentify emotional features. Since
micro sensors such as gyroscopes and accelerorhaterdecome generally available,
human movement can be measured continuously owsspecialized laboratory with
ambulatory systems. These sensors represent ascisgiltific breakthrough in the
medical field, where there is a need for small alatibuy sensor systems for measuring
the kinematics of body segments (Juan C MorenopR@e Lima, Ruiz, Brunetti, &
Pons, 2006; Verplaetse, 1996).

The interpretation of electrophysiological signatiations can distinguish some basic
emotions. For that, biosensors have been develthizdallow researchers to have a
better understanding of the electrophysiologicghals variations in the context of
affective states. Signals such as Galvanic Skirp&ese (GSR), respiration and heart
rate (HR) are the usually selected signals for toonig emotional states since these
signals are closely related to the autonomic nergyatem (ANS) response to emotional
stimulus. For example, GSR is controlled by symgtithnervous system that sends
outputs to sweat glands distributed on the skinjearHR is dually controlled by the
sympathetic and parasympathetic branch of the AN& may act independently.
Moreover, respiration is also an election signaldffective states since its parameters
map into an affective space dimensions:

= Galvanic Skin Response (GSR) represents variatinghe skin electrical
characteristics, i.e., GSR shows the electricalduotance of the skin (Bee,
Prendinger, Nakasone, André, & Ishizuka, 2006).sTieiature varies with
sudomotor glands, which are regulated by the syingiatautomatic nervous
system in response to a cognitive stimulus (GandbBaed, 2007; Li & Chen,
2006). Therefore, the skin electrical conductaneerehses. Regarding GSR
sensor, it is placed on the finger (or in the painthe forearm) and the skin
conductance is measured between two pre-definedtsporhis sensor is
equipped with signal conditioning and amplificatwrcuitry in order to provide
accurate sensing capability and a high signal-ieencatio. As a result, it is
possible to detect even the most feeble galvamicrskponse events.

» The heart rate is a physiological parameter thateameasured from the ECG
signal (electrocardiogram), which registers therthekectrical activity. Heart
rate variability (HRV) parameters are obtained frtra time and frequency
analysis of heart rate (Rainville, Bechara, NadgviDamasio, 2006). As an
alternative to derive it from the ECG, the heat# an be determined from the
blood volume pulse (BVP) signal. The BVP sensoeufeines the amount of
blood running though the vessels and it is plagethe finger. This sensor is
based on photopletysmography (PPG) and consistea$uring the changes in
volume through measuring the amount of infrarebtlapsorbed by the blood.
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The changes in volume are caused by variationkodipressure in the vessels
occurring during each cardiac cycle.

= The respiration has also been reported as beinignalsthat can help to
distinguish emotional states since frequency ofithieg and regularity of
breathing cycles can reflect the person’s emotistzé, for example, when the
subject cries, smiles or screams (Haag, Goronzyaifle, & Williams, 2004).
This way, coupling the deep breathing with its freacy, one can analyze the
emotional state (Hadjileontiadis, 2006; Hristova @inberg, 2009). The
respiration sensor can be applied to the chegtdierdo measure abdominal or
thoracic respiratory cycles. This sensor integraesair pressure sensor to
measure the pressure differences within a seaksuhloér.

Electromyographic activity (EMG) is the electricaginal produced by muscles. This
signal is used to control AAC systems, for exantplactivate a switch (Prinz, Zeman,
Neville, & Livingston, 2006) or to control a curg@elda-Lois et al., 2006). While EMG

activity may have value for assistive communicationusers with sufficient muscle

control, this signal is a noise source for BCI sys. In this way, this signal is being
also used as artifact detection and eliminatioB@is. Thus, any practical system of
EEG-based communication must incorporate meangrirenting non-EEG activity

from interfering with the EEG-based communicatioa. (body or eye movements and
eye blinks) (Vaughan, Wolpaw, & Donchin, 1996).

The mechanical index of muscle contraction (mechgmgram - MMG) is also used as
switch or to control a cursor in AAC systems (AMe€hau, 2010). MMG is generated
from gross lateral movement of the muscle at tlitgaiion of a contraction, smaller
subsequent lateral oscillations at the resonaquémecy of the muscle, and dimensional
changes of active muscle fibers (Barry & Cole, )99nlike EMG, MMG is not
influenced by skin impedance changes and doegqgaire skin preparation, the sensors
are smaller and the measurement is not dependetieoalignment along the muscle
fiber axis. MMG may be measured by microphoneszqgaectric contact sensors,
accelerometers or laser distance sensors on tfaeswf the skin (Alves & Chau, 2010).

The blood volume and blood oxygenation are anofigssiological signal used for
communication with BCI. These signals are usetiéi'Kokoro Gatari” functional Near
Infrared (fNIR) imaging system developed by Hitactd. The measures are carried out
via a small, flat sensor consisting of an emitietédtor placed on the user’s forehead.
The emitter shines infrared light into the braingd ahe detectors determine the amount
of light that is reflected, determining brain at§nunder the sensor. The sensor is placed
close to the language center in the brain (Broea)aCurrently, the device is configured
to allow the user say “yes” or “no” depending opadtern of activation in response to
auditory cues (Jackson et al., 2010).
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2.7 Physiology and Emotions: affective computing

Emotions theories have evolved along the histosgdRding the nature of emotions,
some researchers have found evidences that emaienimborn (Ekman & Friesen,
1971; lzard, 1971; Lutz & White, 1986) while othdmind also evidence of their
dependence on social rules (Ekman & Friesen, 1Rutz, & White, 1986). This has

derived into two theories: Nativist theory, basedMeo-Darwin view, which defends
innate nature; and Cognitive Model (Ortony & Turn&®90) that defends that social
“labels” and rules condition the emotional statewdver, for emotional analysis both
approaches should be taking into account (Ekma®3)19

Analogously, some authors define emotions as plogital changes (James, 1992;
Lange & Kurella, 1887) but other ones relate emm#tiavith cognitive processes
(Cannon, 1927)(Laparra-Hernandez, Belda-Lois, Med®ampos, & Poveda, 2009).
More recently, this distinction has evolved relgtiemotions with somatovisceral
patterns (Ekman et al., 1983; Levenson, 1988; Lewert al., 1990) and with cognitive
assessments (Schachter & Singer, 1962). Curremidyny authors defend that both
theories are partially valid because emotions atk.b

Emotions “color and define” processes as decisiaking or learning (Fredrickson,

2003; Goleman, 2006; Schwarz & Clore, 1996), hav@arole on health (Gross &

Levenson, 1997), and is related with to some ottmgnitive processes such as
perception (Bower, 1981), memory (Bower, 1981)fgmences (Zajonc, 1984); making
decision (Damasio, 2006), taking attention and eoirate (Derryberry & Tucker,

1992), communication (Derryberry & Tucker, 1992ptivation and efficiency during

task performance (Yerkes & Dodson, 1908), intentibrijda, 1986) and strategic
planning (LeDoux, 1992).

Moreover, depending on emotions processing, sosgarehers defend that emotions
are discrete elements and that there is a basiofsgotions (Ekman et al., 1986;
Leidelmeijer, 1991; Mowrer, 1960; Ortony & Turn@990; Plutchik, 1980; Tomkins,
2008): categorical approach, however there is mse&osus agreement on the number
and name of this set of emotions. On the other hdimdensional approach describe
emotions as points that could be represented onidiménsional spaces (2 or 3
dimensions), two of most accepted are arousal-valespace (Cacioppo, Berntson,
Larsen, Poehimann, & Ito, 1993) and arousal-withvditgJames A Coan & Allen, 2004).

Emotion detection could be obtained through questi@es, physiological response,
and behavior analysis, but an effective detectemuires a multidimensional approach
(Berridge, 2003). Questionnaires are the most tesdgthique, because of their simplicity
(Harmon-Jones, Amodio, & Zinner, 2007), but theyéhaome inconveniences as when
users are unable to understand or express whatdbkguch as for example DCP users.

Within behavioral analysis, body posture and fagaekture can determine some
emotions (Duclos, Laird, Schneider, & Sexter, 19Bfzio, 1987; Flack, Laird, &
Cavallaro, 1999) but some emotions, such as hagpgim® not have a clear postural
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pattern (Flack, Cavallaro, Laird, & Miller, 1997la€k et al., 1999; Flack, Williams,
Cavallaro, & Laird, 1994). Pressure on feet anddeafClynes, 1978), gait analysis
(Lewis & Haviland-Jones, 2004), gaze for guilty ok emotions (Schnall et al., 2000),
breathing for stressful situations (Healey & Pi¢agD00) or voice and speech
(Bezooijen, 1984), have also been used for emotietection. However, most
researchers highlight the difficulty to get patterior each emotion. These patterns
become more complex and difficult to extract on DGErs due to their damage between
Central Nervous System and Motor Control Systemiyithg on lack of postural control,
uncontrolled and involuntary movements (includaedbexpressions and gaze fixation)
and irregular breathing patterns.

The emotional response is partially processed wwionsly and the physiological
response analysis allow to access to the uncorseimotional response of users. Along
last decades, different body signals have beendegeinding on context and emotions,
the most used are galvanic skin response (GSR)st hede (HR), facial
electromyography (fEMG), electroencephalographyGEBnd blood pressure (BP).

Many studies have reported relations between G$Rlenlevel of arousal (Bradley et
al., 2001a, 2001b; Lang, 1995)(Bradley, Codisp@Gtithbert, et al., 2001; Bradley,
Codispoti, Sabatinelli, et al., 2001; Lang, 199%b)eo studies related fear with high levels
on GSR (Lanzetta & Orr, 1986). In ECG signal, aabus related with heart rate
variability and valence is related with decelenatéceleration pattern of heart rate
(Bradley & Lang, 2007; Greenwald, Cook, & Lang, @88Analogously, asymmetry of
EEG signals is also related with valence and witthdvawal (Cacioppo et al., 1993).
Inside EMG facial, activity on zygomaticus major orbicularis muscle (Bradley,
Codispoti, Cuthbert, et al., 2001; Ekman et al83)9s related with positive emotions,
and activity on corrugator supercilii is relatedtlwinegative emotions (Brown &
Schwartz, 1980; Schwartz, Fair, Salt, Mandel, &rKlan, 1976a, 1976b), but it does
not exist agreement if it is possible or not tatelwith arousal (Cacioppo, Petty, Losch,
& Kim, 1986; Witvliet & Vrana, 1995).

EEG measures have been used to assess alertriegpse, favorkload, information
overload, or errors (Allison et al.,, 2010; FerrezMillan, 2008; Trejo et al., 2005).
Information from heart activity can also be usedfassive monitoring, either alone or
in combination with EEG activity. HR and EEG havsoarecently been validated in a
BCI environment (Pfurtscheller et al., 2005, 201@assive monitoring of the user’'s
cognitive and emotive state contributes to affecttomputing, in which the system
adjusts according to the user’s state by, for exanmpoviding more or less information,
changing the way information is presented to ther,usr altering the options available
at that time).

A recent study showed that it is possible to defteenthe emotional state of a person
based on the measurement of brain activity alome. group used an online support
vector machine (SVM) to recognize two discrete éomatl states, such as happiness and
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disgust from fMRI signals, in healthy individualeat were instructed to recall
emotionally salient episodes from their lives (&ita et al., 2007).

The abovementioned signals have advantages amdivdigages depending on context
and emotion “type”, but it is necessary to comldiféerent measurements to improve
results (Cacioppo et al., 1993; Ekman et al., 1988aley & Picard, 2000; Larsen,
Norris, & Cacioppo, 2003). However, DCP users cawmehaffected the response of
Autonomous Nervous System, for example, modifylmgrtHR variability (Yang et al.,
2002) altering emotional response, so it is necgdsaadapt current approaches and
emotion detection/classification algorithms to thekanges on emotional response.

Controlling the emotional states could improve dmanmunication in children with
cerebral palsy. For example, the use of humor kas Bhown to enhance conversation
in children who use aided communication, encouagocial interaction (Waller et al.,
2009).

Several studies of emotional states with BCls hehawvn their importance for a well
communication process. These studies propose fhesan’s mood and motivation are
related to BCI performance (Neumann & Birbaumef20-emke Nijboer et al., 2008;
Femke Nijboer, Birbaumer, & Kibler, 2010). An exdenpf the influence of the
emotional state in the BCI performance was desdrtibe (Kleih, Nijboer, Halder, &
Kibler, 2010), where the motivation increased tB8Pamplitude within an ERP-BCI.
In this way, Nijboer et al., (2010) propose thattirational factors and well-being
should be assessed in standard BCI protocols.

2.8 Conclusions after the state of the art

The review of the bibliography has allowed to dralfferent conclusions and
emphasizes the need to deepen in some scientficitzal subjects:

= DCP is a chronic pathology where the cognitive grenfance varies between
being completely normal and severe mental retarmdali has associated motor
deficits and severe language disorders, causiritations in physical and social
activity. DCP affects approximately 125,000 peaplBurope with about 1,500
new cases each year.

= 75% of children with DCP have a normal intelligeteeel. However, 96% of
DCP are classified as educationally degraded. Carigation and interaction
deficits are the causes that restrict their capdoitlearning and development.
This communication barrier combined with motor/ntibpiproblems increases
dependence, social exclusion and deterioratesdhality of life.

= An AAC system consists of a package of technigues tachnologies that
constitute the ‘total communication’ for a specifirdividual: the way to
transmit the message, the system to represertehs or concepts, the mean of
access and the strategies. There are a wide rdn§a® languages and the

32



Chapter 2: State of the Art

choice should be done based on current needs.éP&bplare dependent of an
AAC generally use a variety of types of symbol®tighout their lives.

Assistive products can vary from paper sheets &xtmnic boards. An

important parameter for accuracy and efficienap@écommunication is related
to the organization and layout off information. Tinain differences between
assistive devices are the pictures/symbols usetgatgon mechanism, type of
feedback and weight.

There are two basic access methods to use AAC eewuilirect selection and
scanning. The most suitable method and type ohigak is chosen based on
end-user needs and limitations. Some proposedi@wufor scanning are
focused in switching by head movements, pressureosg, electromyography
or mechanomyography. The lack of movements anduposiontrol of DCP
users retrain the possible interfaces to be usggically, existent input
interfaces to select and point a desired concegt loav bit rate and high amount
of errors due to delay between intentions and ei@tsiof the action.

Brain-Neural Computer Interfaces (BNCIs) are areesion of BCls that also
rely on: passive monitoring; information derivedrfr the peripheral nervous
system; and indirect measures of neural activitige Tobjective of BNCI

research is to provide a nonmuscular-driven comaoation channel for

individuals who are no longer able to communicate tb severe physical
impairment.

BCI system can be categorized in five major groapsording with their
neuromechanisms and recording technology to genecahtrol signals:
sensorimotor activity, P300 evoked potentials, Yigtvoked Potentials (VEP),
Slow Cortical Potentials (SCPs) and Activity of MaluCell (ANC).

Applications of the EEG based BNCI are communicatdals, the restoration
and rehabilitation of lost motor function, the aohbf assistive devices in real
and virtual environments and entertainment. Somedd@trol techniques are
being used by patients with severe motor disabikitgwever, BCI solutions
present several limits that are reducing the dgwaénmt of home-use products:
variability of EEG signals, initial training timequired, data transfer rate, time
required to install electrodes, effectiveness, simeness and the user specifics
needs.

Other physiological indicators are used, as cotystem (EMG, MMG, etc.)
or as emotional change indicator (GSR, HRV, BVPGPRtc.). Emotion
detection with physiological signals are especiailgresting when the users
are not able to understand or express their enstiGontrol systems with
physiological signals (EMG or movements) are lichiteehen there are
uncontrolled or involuntary movements, tremor,amkl of precision.
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Chapter 3
Hypotheses and
objectives

3.1 Presentation of hypothesis.
Based on State of the Art concepts, 2 hypothesesleen proposed:

1. Based on Dyskinetic Cerebral Palsy (DCP) user néeidgossible to design a
satisfactory concept of communication systems.

2. Our innovative approach of physiological contrased on a physical model,
allows better communication performance than priogoal control. This is
applicable to direct selection systems over a gfricbncepts.

3.2 Obijectives.

The main objective of this thesis is to proposemmunication system based on the
intelligent processing of physiological signalsgeentative communication, expression
of emotions, and interaction capabilities of peoplgh Dyskinetic Cerebral Palsy
(DCP). Thus, their social inclusion, independentnty and quality of life can be
improved.

To reach the main objective, the following sub-chjees were defined:

1. To compile the characteristics and limitations @M®people and the principles
of good design to define the preliminary requiretaen
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To prototype a concept of communication system idenisg the features for
the users and for the caregivers.

To identify the functions of the communicator thaers like and dislike.

To detect which aspects related to the handlinthefcommunicator can be
complex or inopportune for the user.

To identify which design aspects are more anddppseciated by the users.

To define methods for signal processing as cosystiems adapted to DCP us-
ers.

To compare the proposed methods for direct cosyretem and their benefits
for DCP users

To analyze the effect of the size and the distahetgseen buttons on the selec-
tion performance over a grid of concepts.

To define the requirements of the concept gridstased by physiological sig-
nals with direct control.

3.3 Work plan.

Figure 3.1 shows the work plan followed to reaah djectives of section 3.2 and to
validate the 2 hypotheses of this thesis.

The workplan is grouped into 4 phases:

1.

2.

36

State of the art: compilation of the DCP user nemu$ main features of the
existing augmentative and alternative communicagigsiems.

Analysis and selection of design characteristicthefABC system: based on
user needs, selection of principles of design aiudifization of characteristics
of the ABC system.

Design of experiences and tests: prototyping aatbation of the communica-
tion system concept; fine tuning and evaluatiomliodéct selection systems by
physiological control

Data processing and analysis: data analysis aiahtiah of the concept of the
communication system and physiological control exyst.



Chapter 3 : Hypotheses and objectives

Work Plan Chapters of
the thesis
F1. State of the art
7 T1.2. Compilation of systems and Chapter 2
L CS:;T:;ESM e features for augmentative and P
alternative communication sysiems
F2. Analysis and selection of design characteristics
of ABC system
Chapter
| T2.1. Principles for universal design ] 41,42
and 5.1
| T2.2. Prioritization of ABC system features |
F3. Design of experiences and tests
T3.1. Prototyping of T3.1. Prototyping of
communicator interface configuration interface
Chapter 4.3
| T3.3. Evaluation of features and user interfaces | and 4.4
| T3.4. Fine tuning of physiological monitoring |
T3.5. Proportional control T3.6. Physical model Chapter 4.5
system control system
| T3.7, Tests of control systems for direct selection |
F4. Data processing and analysis
T4.4. Analysis of
T4.1. Analysis of physiological control data
subjective data Chapter 5
T4.5. Comparison of P
control systems
T4.2, Validation T4.3. Validation ¥s
of configuration of communicator
Interface interface T4.6. Comparison of
control systems
A A

7 H1 f 7 H2 f Chapter 6

Figure 3.1. Work plan of the thesis (“Hx": Hypotheses; “Tx.x": Tasks). Task description is
grouped by phases. On the right side, each phaser@ated to the chapters of this thesis.
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Chapter 4
Materials and
Methods

In this chapter, the methodology and materialdrdreduced. These tools were used to
accomplish the objectives established in Chapter 3.

Section 4.1 presents the principles used for tisggdeof the solutions presented in this
thesis. Section 4.2 presents the methodology feltbwo prioritize the ABC system
features.

Section 4.3 presents the prototypes developedhfrconfiguration interface and the
communicator. They were used as the base for tleaion processes.

Section 4.4 presents the methodology used tohesider interfaces using the developed
prototypes.

Finally, section 4.5 presents the methodology ueetgst our innovative approach of
direct control based on EMG.

4.1 Conceptual design of the ABC System.

The conceptual design of the ABC system is basedhenprinciples of Usability,
Accessibility and Universal Design (Appert, Beaudelafon, & Mackay, 2003; Apple
Computer Inc., 1992; Beaudouin-Lafon, 2000). Théctisn describes the well-
established principles of good Design on whichABE system will be based.
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= Principle 1: Recognize the Diversity

= Principle 2: Use Golden Rules of HCI Design

= Principle 3: Prevent Errors

= Principle 4: Follow the Guidelines for Data Display

= Principle 5: Follow the Guidelines for Data Entry

= Principle 6: Balance Automated and Human Control
More in depth, each principle can be proposed l&sifo

Principle 1: diversity of users, tasks, and int8aac styles. The main aspects to be
considered here are:

= Direct manipulation (in GUI or VR)
= Form fill-in
= Command language
= Natural language
Principle 2: Use Golden Rules of HCI Design:
= Consistency (terms, icons, data / command flow)
= Universal usability (novices, intermittent usergperts)
» Informative feedback
= Dialogs with closure (beginning, end)

= Prevent errors (highlight required actions, setectather than freestyle typing,
automatic completion, well-defined messages)

= Reversal of actions (undo)

= User in control (automated adaptability can causgusion)

» Reduce short term memory (keep displays simple)
Principle 3: Prevent Errors

= Highlight required actions

= Selection rather than freestyle typing

= Automatic completion

=  Well-defined, polite messages

Principle 4: Follow the Guidelines for Data Displ&@onsistency (terms, colors,
abbreviations)
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= Efficient information assimilation by the user @adutlining, lining up of
decimal points, spacing)

= Minimal memory load on the user (no need to remenmiermation from
screen to screen)

= Provision of user control of data display (fontesizontrast, volume, views)
= Appropriate and not over use of techniques foriggetiser attention
0 Intensity
Marking
Size
Fonts

Blinking

O O O O O

Color
o0 Audio
Principle 5: Follow the Guidelines for Data Entry
= Consistency (similar style for similar data)

= Minimal input actions (selection rather than frgksttyping) (automatic
completion)

=  Minimal memory load

= Provision of user control of data entry (e.g., eipenay prefer command
language)

Principle 6: Balance the Automated and Human Cbntro
= Remember principles
= Draw on experience
= Generalize from observations
= Develop new solutions

The key aspects to be considered during the creafigesigns of interactive systems
are:

= Access concerns removing the barriers that wodldratise exclude ABC users
from using the system at all.
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= Usability refers to the quality of the interactionterms of parameters such as
time taken to perform tasks, number of errors naut the time to become a
competent user.

= Acceptability refers to fithess for purpose in tantext of use. It also covers
personal preferences that contribute to usersigata’ an artefact, or not.

= Engagement concerns designing for great, excitmlgraxeting experiences.

The aspect of accessibility is meanwhile a verydrtgnt one in general and crucial
when it comes to designing system for all userkidiog elderly and disabled persons.

= Access to physical spaces for people with disédslitas long been an important
legal and ethical requirement now becoming increggiso for information
spaces.

= Legislation requires software to be accessible.

= UN and W3C have declarations and guidelines onrgmgsthat everyone can
get access to information that is delivered throsgfware technologies.

= Extraordinary users with an increasingly wide ramfecomputer users and
technology designers need to focus on the demdrads designs make on
people’s abilities.

= The sorts of issues that face an ordinary useniaxraordinary environment
(such as under stress, time pressures, etc.)taremilar to the issues that are
faced by an extraordinary user (e.g. a user wilaldiities) in an ordinary
environment.

The exclusion of people during the design phasemapen at different levels:

= People may be excluded because they cannot unddrstamplicated
instructions or obscure commands so that they ¢darmo a clear mental model
of the system.

= People are excluded if they cannot afford essetatidinology.

= Making inappropriate assumptions about how peomekvand organize their
lives.

= Equipment is unavailable at an appropriate timegdade.

Several approaches exist to enable design systemsgetcome barriers of access e.g.
‘design for all’ or ‘universal design’. The univatsdesign is based on the assumption
that varying ability is not a special conditiontbé few but a common characteristic of
being human and we change physically and intelddigtihroughout our lives; if a
design works well for people with disabilitieswibrks better for everyone; at any point
in our lives, personal self-esteem, identity, aralldeing are deeply affected by our
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ability to function in our physical surroundingstiva sense of comfort, independence
and control; and usability and aesthetics are nliytoampatible.

The principles of Universal Design are:

= Equitable Use: The design does not disadvantaggigmatize any group of
users.

= Flexibility in Use: The design accommodates a widage of individual
preferences and abilities.

= Simple, Intuitive Use: Use of the design is easyniderstand, regardless of the
user's experience, knowledge, language skillsyent concentration level.

= Perceptible Information: The design communicatesesgary information
effectively to the user, regardless of ambient damts or the user's sensory
abilities.

= Tolerance for Error: The design minimizes hazardsl ghe adverse
consequences of accidental or unintended actions.

= Low Physical Effort: The design can be used effitieand comfortably, and
with a minimum of fatigue.

» Size and Space for Approach and Use: Appropriateand space is provided
for approach, reach, manipulation, and use, regssdbf the user's body size,
posture, or mobility.

Usability has always been the central pursuit ah&n-computer interaction (HCI). The
original definition of usability is that systemsositd be ‘easy to use, easy to learn,
flexible and engender a good attitude in peoplais@efinition, whilst still being valid
hides many important issues e.g. accessibilitytaguability. The goals of usability are
now primarily seen as concerned with efficiency affdctiveness of systems.

A system designed following usability criterias ibe efficient in that people will be
able to do things quickly, by expending appropriasmurces, effective in that it contains
the appropriate functions and information conterganized in an appropriate manner,
easy to learn how to do things and remember hale them after a while, safe to operate
in the variety of contexts that it will be used dxavVe high utility in that it does the things
that people want to get done.

Acceptability is about fitting technologies intogme’s lives e.g. some railway trains
have ‘quiet’ carriages where it is unacceptablage a mobile phone, cinemas remind
people to turn their phones off before the filnristaAn essential difference between
usability and acceptability is that acceptabilignanly be understood in the context of
use. Usability can be evaluated in a laboratorgugi such evaluations will always be
limited), but acceptability cannot.
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The key features of Acceptability are on the défdrlevels e.g. do the users trust it?
Concerning convenience, does the design fit effsstly into the situation? Concerning
culture, social habits and usefulness, does thegmesonsiders usage context?
Economically, does the designed system promiseesg@d technology and does it fit

into a successful business model?

Engagement is concerned with all the qualitiesnoégperience that really pulls people
into a sense of immersion such as one feels readjjogpd book. The challenge one feels
when playing a good game or the fascinating unfigidif a TV drama. Engagement is
concerned with all the qualities of the interactesperience that make it memorable,
satisfying, enjoyable and rewarding. While us&pik concerned with optimizing the
interaction between people, activities and engagéoerur when the elements are truly
harmonized.

4.2 |dentification of ABC features.

To identify the most important features that theG\Bystems should provide to DCP
users, an exhaustive list of ABC features has beastructed. It is based on state of the
art elements. An expert group, specialized in peepth communication difficulties,
integrated by members of the ABC project has ifiedtithe “basic” requirements of this
list. The objective of this preliminary selectiorasvto reduce their impact over the
evaluation of the other parameters.

To prioritize the complementary features of the ABgStem, 20 professionals from
different fields were recruited to participate manline survey (see Appendix A). They
evaluated the importance of the features not censttd as “basics” (they will be
mandatory in an ABC system concept). The profilethe participants are detailed in
Table 4.1 .

Table 4.1. Profile of the participants.

1 psychologist

2 speech therapists

1 physiotherapist

2 educators

3 care givers

5 medium degree technicians
1 communication technician
4 engineers

1 teacher
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4.3 Prototyping of ABC user interfaces.

This section presents the developed prototypesdoas the state of the art ideas, expert
opinions and user needs. They were designed azmeéetool for the validation and
improvement process with end users.

The ABC system interface should provide differaimdtionalities according to user
needs (communication, emotion management, heatitnmmendations, etc.) (Figure
4.1). A dedicated configuration interface (essdgtfar caregivers) should provide the
necessary tools to adapt the interface to the fspegser needs. However, the

configuration interface could also be used by tber wvith the support of the caregiver
using a computer.

The configuration interface will adapt the useerfdce and communication means to
user needs and preferences. The communicatordoeewill be designed for DCP users;

it will propose the communication items and theisgs defined with the configuration
interface.

ABC/Inicio Configuracién I

&)
Estoy.. °

(Exvesoadv]

A

Emergencia

L (b Salir

Figure 4.1. Prototype of the main interface of ABGystem.

Aprendizaje J Control de entorry

4.3.1 Prototype of configuration interface.

Following the ABC project philosophy, the systentl e adaptable to the user profile.
In this way, the system will have a configuratiaregn (in computer environment)
where the caregiver will set up the communicatmerface, manage user profiles and
synchronize the communicator device. The systermpndlvide a rule editor allowing
the caregiver to individualize the reaction of thestem to detect physiological or
neuronal states of the user. The editor will haMeast three parameters a) the detected
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physiological or neuronal state b) the time c)réction of the system, e.g. a reminder,
an SMS to the caregiver or a multimodal presermiatio

ABC/Main_menu 0%

User Profile
T
\ ABC user -

Resume of active options and system state:
+ Last calibration
- Languaje
+ Physiological signals

Physiological signals

Output:
Language ® Textin the screen
Item selection QO Voice synthesizer
Online services
Others IO Detect dewcegl |:‘-ﬁ' Synchronize oomnumooM

"
G Device onine 4|

Figure 4.2. Configuration interface. User profile ranagement.

4.3.1.1 Physiological signals.

The system will have a configuration window for fifeysiological signals. The signals
used will be grouped into those for control andsthtor the affective system.

The control signals are used to select items ors¢heen according to user limitations:
electroencephalography (EEG), electromyography (EM$z movement sensors

(IMUs). A calibration process will adjust the si¢itevels, references and noise control
(i.e. the IMU calibration will set the initial pdsin of the user).

Signals of the affective system (galvanic skin cesme, hearth rate variability) will be
used to evaluate the user's emotional state amdllitreact according to the rules

predefined by the caregiver (i.e. when the usestrisssed). A configuration tool of
emotional thresholds will be included. Communicataf emotions will be an option

that can be disabled depending on user prefereficesiser will always decide if he/she
wants to express his/her emotions.

Only medical staff will manage signals for the tieahonitor system. These signals will
be switched off by default and their use will besp@ord protected. Limits for these
physiological parameters will be set in accordanitk the user’s health.
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ABC/Physiological_signals -O%
User Profile Physiological signals: selection and calibration
Physiological signals Control signals j
EEG | Caibrate | [ Test |
O Sbwort ©  Vieuol evcked potentil
Sersory moter actvity (O PR00
v (D) [Caibrate | [ Test J
ﬁﬂective system Haoith monitot
spoa(J0E) e ]
Item selection 7 e
HRVE Set limits
Oniine services 3"“"‘
Others I [ Synchronize communicator
Gg Device oniine 4|

Figure 4.3. Physiological signal management: Conttoaffective and health signals.

4.3.1.2 Language.

An information window will provide a resume of thetive language for the selected
user. Available information will include aspectkas the number of active elements,
name of item groups, etc. Additionally, the systeithinclude a prediction algorithm to
propose items according with their priority, frequg of use or the semantic structure.

ABC/Language

0%

User Profile

Physiological signals

Languaje

Language @
Library

New items

Item layout

Predictor:
©® ON
QO OFF

Resume of active language options:
- Libraries
+ Number of available items

Item selection

Online services

I Library I

I New items ]

| Item layout ]

Others

I [ Synchronize communicator

G2 Device oniine 4|

Figure 4.4. Language configuration screen.

4.3.1.3 Library.

Communication items will be managed in the Libragtions. The configuration
program will have predefined libraries (accordinighwthe bibliography). The caregiver
may create new libraries for the user by imporétements from one or several libraries.
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The properties of the items that can be modified ar

Category: This property will provide a classificatifor the predictor system. In
this way, the communication speed will be optimized

Group: This property will be used in the item gridsepresent several elements
at a time. Thus, searches of elements in largarlégs will be optimized. Thus
when a critical case is reported (health or emali@iert), the system will
provide items related with health or emotions (dector, pain, help, sadness,
etc.).

Priority: This property will be useful to be fedarthe rule system e.g. if there
is a rule indicating that if the affective systestatts a user emotional change,
then if the number of elements on the screen his toodified, the system will
select the elements using the priority.

To facilitate the item search, filters by grougategories will be provided. Additionally,
new groups and categories may be created.

ABC/Language/Library -O%
User Profie i g
Physiological signals lerory Library1 |v

IC‘ Restart ibrary |
Language
Library Fiter By: | Category J¥]|Grow J¥] ]
New items Item | Name | Category | Group | Priorit | MyLibrary _l
Bemloyout B ren | vers [ vewt | 3 [t

& Chair Noun House 4 a I
x Big | Adjective | General 3 (v}

Item selection g Eat Verb Verb1 5 M
Online services g
Othere l @ New goup II Y New Category II "4 Synchrerize commurnicater I

CQ Device online 4|

Figure 4.5. Library selection and management.

4.3.1.4 Creating new elements

For the selected library, new items can be includdrty can be imported from other
libraries or by using a new image. Future chan@#seonew items will be carried out in
the library manager.
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ABC/Language/Newltem -DR

User Profile

New item

Physiological signals

Language Active library: MyLibrary
il Name XXXXXX
Newitems Category Ve I+]
Item layout
crom

Import image for the node:

© Import image from file: XXXXXX &

O Import image from library: =

Item selection |® ConcelJ | e AppIyJ

Online services

Others [% Synchronize communicator

G2 Device online 4|

Figure 4.6. Creating new items in a library.

4.3.1.5 Item layout.

Elements on the screen can be organized using @risizenes. Flexibility in number of
items will be configurable by the caregiver. Thenimum and maximum number of
elements will be set to change the interface adegrb the predefined rules based on
the user profile including the user’s affectivetstar health monitor. Elements in the
resized grids will be selected according with thaiority (the item priority can be
modified in the library manager). For instance,tlie health monitor detects an
emergency, the grid will show only 2 or 4 elemeaetated to help.

Nodes will structure scenes. Nodes are groupgwistand they can include other nodes
(child nodes). Nodes will have an image where chddes or items can be tagged.
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ABC/Language/ltemLayout -D%n
User Proie Item layout:
Physidogicd signds | O~ Gria
Library Fiow
New items
Item layout
@© Scene
Gro‘m/ [Kitchen _ [v] |
I Tag *memLI Fridge
Item selection / Cpboord
. : Item Three
Online services
Others I ‘:”-.' Synchronize communicator |
|
I Cg Device onine 4
Add node { ”
Name |xxxxxx |
Porent rode o T

Import image for the node:

© Import image from file: XXXXXX 5

O Import image from library: bra
I@ ConceIJ I 5 Apply J

Figure 4.7. Iltem layout: grid or scene.

4.3.1.6 ltem selection.
Item selection can be carried out by scanning atit®ct selection.

Scanning selection is to be used with any physiotdgignal included in the system.
Scanning technique, pattern and speed have tolbetest depending on user abilities
and available signals.

EMG signals can be used as a switch for scannictivéing a muscle) or for direct
selection (with the power level of the signal).

IMU signals can be used as switches for scanniegfdpming a movement with a
specified acceleration) or for direct selectionafohing the position and orientation of
the IMU sensor).

EEG control has special consideration due to tHéerdnces between the EEG
methodologies. Thus, the EEG approach has to betsdland it can be used as a switch
(i.e. using sensory motor activity, switching magytb think about the movement of a
hand) or direct selection.
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ABC/Item_selection -O%
User Profile Item selection: ® sScaming O Direct selection
Physiological signals Scanning technique: Scanning pattern:
Language © Automatic O Linear
Item selection O step O Circular
O Inverse ® Row/Column
O Directed O Blocks
Time selection D Items by block: [= |
Number of Example:
controls =
o OOBBB6
Scanning speed: E @ @ @ @ @ @
RBBB6
Direct selection O Keytoord @® TeushScreen
Onine services O Joptick O ome
Others I [ Synchronize communicator
1
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Figure 4.8. ltem selection properties.

4.3.1.7 Online services.

The ABC system will provide Internet access anthlawith the main social networks
to allow posts in user profiles.

ABC/Online_services -D%
User Profile . .

Online Services
Physiological signals
Languoge Web browser:
Item selection ome page: [LWW‘9°°9‘9~°°m ]
Orkia Bervices Favorites: | maps.google.com |+]

I -}- New favoritd I— Delete J

Email and social networks configuration:

Account: | XXXXXX@XXXXX.EU |

Password: XXXXXX
Others | [ Synchronize communicator

C2 Device onine 4

Figure 4.9. Online service configuration.

4.3.1.8 Other services.

Additional functions and services will be includedhe configuration interface (music
player, video player or sound recorder).
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ABC/Online_services -0%

User Profile "
Other services

Physiological signals
Language

we  EHD
Item selection
Online services Video E
Others

Sound recorder (ID

I | % Synchronize communicator

L C2 Device online 4

Figure 4.10. Additional services to be included ithe communicator.

4.3.2 Prototype of communicator.

Configuration interface will prepare the communicato be used by the user. The
communicator will have an easy calibration toobtoactivated when the user detects
that the system is not calibrated (i.e. after alpariod using the system, if the user is
tired, if he could change the EMG levels).

Communication user interface will be adapted depgnadn predefined rules in the user
profile by the caregiver based on parameters ssitheaemotional and health status of
the user. According to these parameters, the nuarizbthe types of items may change.
The caregiver will assign complexity levels andrngefor each situation.

The characteristics of the communicator will dep@mdthe number of items to be
displayed, the physiological signal used for s@ectthe selection strategy and the
message output mechanism.

The communicator will be configured for a portatiéice. Figure 4.11 and Figure 4.12
shows the communicator on a portable device whemesof elements have been
modified according to the emotional state. The ou the system will be presented on
the screen. If the output method is voice, an iwdnshow its activation.
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Control with EMG (2 controls)
Row/column scanning

Low stress
Text output

Figure 4.11. Communicator controlled by EMG with lowstress.

Control with EMG (1 control)
Linear scanning
High stress

Voice output

Figure 4.12. Communicator controlled by EMG with hich stress.

If the communicator is controlled by IMU using diteselection, a pointer will provide
feedback to the user to show the effect of his mmrds. Figure 4.13 shows the
communicator controlled with IMU and text output.

Control with IMU (1 controls)
Direct selection

Low stress
Text output

Figure 4.13. Communicator controlled with IMU.

When items are organized in a scene, the commuonicetl show the nodes and
elements over an image. Figure 4.14 shows the concator with a scene display with
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3 elements. The selection technique is the vistakted potential (VEP) and the element
box shows several elements used to generate the VEP

Control with EEG

Visual evoked potentials
Low stress
Text output

Figure 4.14. Iltem and group shown in a scene displa

When there is a health problem, few items relatétl tvealth will be proposed to be
transmited the user state (Figure 4.15). An emexgeall can be included.

Control with EMG (1 control)
Linear scanning
Health warning

Voice output

Figure 4.15. Emergency items after a health alert.

When the predictor system is activated, the comoatai will present the proposed

items using the prediction method (i.e. after scigelection, next items will be verbs).
Figure 4.16 shows a proposed prediction after ptevselection. Prediction algorithms
will include the priority and use frequency of item
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Control with IMU (1 controls)
Symbol prediction active

(8]

Figure 4.16. Item prediction.

4.4 Analysis and evaluation of ABC user interfaces.

This section is oriented to evaluate the conceptessign of the ABC communicator with
professionals and DCP users. It is a key milestorienow the opinions of the experts
and users about the conceptual design of the AB@rmemicator, as well as to detect
problems and to be able to identify potential inyerments before starting interface
development. Two studies have been proposed tezekiiese goals:

= Assessment of theonceptual design of the user interfacaith DCP people:
this evaluatiorwas undertaken using the storytelling methodoldgygsenbery
& Brooks, 2010). In this technique, the narratidradstory" is used to explain
those experiences and considerations that invdilgeuse of a product (the
communicator).

A booklet with the main screenshots of the commatoicwas prepared to allow
users to assess the concept and add commentatiesthei help of their
caregivers (see an example in Appendix B). Beftadisg the sessions, users
with the support of the caregivers use an animad&eer point, which describes
a potential real-life scenario. After that, thewksated and commented on each
screen in the booklet, indicating the positive aredjative aspects of each
screenshot with the help of green and red stigk&rsitive and negative points).

A discussion session with all users was carriedaabtain a general overview.
The parameters of the session are described ihahile 4.2.
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Table 4.2. Descriptive parameters of the sessionstlvusers.

Technical staff 1 Moderator of the session

1 Observer

Number of sessions 2 sessions

Users profiles Users with cerebral palsy
Users of a communicator
Age 18+
Gender 3 females
7 males
Sessions duration 2 hours approximately

Assessment of the conceptual design of ¢bafiguration interface with
professionals: this evaluation was done using a seenactive PDF consisting
of several interfaces/screens of the communicatofiguration system (The
navigability of this PDF is showed in Appendix The process is structured in
2 steps: a) a specific task to search for inforomathind/or features on the
interface and b) free navigation. The set of pitewls is described in Table
4.3.

Table 4.3. Profiles of the participating.
[ Profes ]
1 psychologist

2 speech therapists

1 physiotherapist

1 educator

3 medium degree technicians

1 communication technician

An example of the proposed task is the followirgidgine that a user is having
problems using the predictor (it does not predictectly what he needs) and
he wants to disable it. What function of the coafagion system should you
select?". After the execution of the task, the ggefonals were asked about the
ease of performing each task to assess the ease of the interface.
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During free navigation, the different functions weexplained and the
professionals were asked about their satisfacéeel with each interface.

Based on the results of the tests with DCP useatspasfessionals, the validity of the
first hypothesis was developped as follows:

Hypothesis 1: “Based on Dyskinetic Cerebral Pal3gR) user needs, it is possible to
design a satisfactory concept of communicationesyst

= Creation of a validated list of basic and essefdiaiures for the ABC commu-
nication system.

= Quantification of the ease-of-use of the configorainterface as evaluated by
professionals.

» Quantification of the satisfaction level with theeun interface as evaluated by
DCP users.

4.5 Direct selection of elements with physiological cdrol.

DCP people have difficulties manipulating diredestion pointers on a grid of concepts.
This is mainly associated with the presence oftspls

In this way, a new control method able to reprodilee mechanical response of the
muscles was needed. This new method would allowdteztion of elements using small
electromyographic pulses (EMG) with sensors arrdragea muscle with motor control

(based on Stiffness, Inertia and Viscosity). Thuscontrolled movements would not
significantly influence the intention to selectelement on the grid of concepts.

In this section, a new method for direct selectisimg physiological signals is explored;

it will be compared with proportional control tceietify its added value and limitations.

Within the framework of this thesis, this approaels been tested with EMG signals but
it could be used with any other system that is ablgproduce controlled pulses

(movements, sounds levels, etc.).

4.5.1. Physiological control with EMG.

Based on state of the art technology, the easestimentation and calibration and its
low level of invasiveness, it was decided to chabseEMG signals to test the directed
selection system.

The BioSignalsPlux electromyography sensor has bised to register the signals for
physiological control. This sensor has a gain @Q,Gn input range of £1.5 mV and a
bandwidth of 25-500 Hz.
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Figure 4.17. BioSignalsPlux and EMG sensor.

A priori, the sampling frequency must be at leaéte the signal bandwidth, as defined
by Nyquist's Theorem (Nyquist, 1928). The EMG sigmes a bandwidth of 500 Hz.

However, the use of EMG as a control system doéserd the raw signal. Thus, the
EMG envelope will be able to provide its mean valD#ferent studies show that 500
Hz is a good sampling frequency to obtain the empel(lves & Wigglesworth, 2003;

Lariviére, Delisle, & Plamondon, 2005), which itmaximum sampling frequency
allowed by the equipment used.

The EMG signals provided by the BioSignalsPluxeprocessed as follow:

= A "notch filter" at 50 Hz and 100 Hz to cancel fhessible effect of the noise
associated with the first and second order harnsarfithe electric network.

= A high pass filter at 0.2 Hz to reject the basekiffect, and a band pass filter
between 30 Hz and 500 Hz, which corresponds tdo#mel of interest of the
EMG.

= A full-wave rectification with a low-pass filter & Hz to acquire the EMG
envelope.

l
N Notch filter Band-Pass Filter ‘ ‘ Low-Pass Filter
'M“ " S0Hz | 7|  30-500Hz 4Hz

Figure 4.18. EMG preprocessing.

4.5.2. Proportional control.

The EMG signal can be used to control a pointee 0$er should maintain the force of
a muscle to reach an element on the grid. Two dées of the grid can be considered
by using two independent muscles and channelsedElG communication system.

To calibrate the system, a physiological limitegunhas been proposed, between the
minimum (increased by 100 %) and the maximum EMfBai (reduced by 30 %). The
threshold during rest was increased to reduce rigadt of noise associated with
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movements. The threshold of the maximum level veasiced due to the difficulty of
repeating the maximum value when the user is tired.

4.5.3. Physical model control.
A new control system based on EMG signals has pesgosed. It is developed using 4
principles of usability focused on DCP users:

* Improvement in precision of the selection and erate: the new method should
improve performance of the communication system.

= Reduction of the impact of the continuous musceféort to guarantee item
selection and precision: the new control methodtrausid a sustained effort to
select an element.

= Reduction of muscle fatigue due to continuous mias@ffort: the new control
method should improve the usage time in comparisith the proportional
control method.

= Reduction of dependency between muscular capawsdyitnum level of EMG)
and the number of elements of the grid: a grid witny concepts should be
accessible to people with low muscle capacity.

4.5.3.1. Mechanical model of one degree of freedom

A pointer position in one direction, controlled byforce (EMG in our case), can be
modeled as a continuous system with one degreeeddm. Pointer position (Pos) can
be calculated with the value of the EMG and thespal model (Dyns) as is shown in
Equation 4.1.

Pos= EMG * DynS
Equation 4.1

The continuous system can be expressed as a fumetaied to Stiffnesk), Inertia ()
and Viscosity 1):

DynS=fk, 1,0
Equation 4.2
Where:

Stiffness/Rigidity k): the extent to which an object resists deformaiion
response to an applied force. This can be expressttk inverse of the system
gain G (Equation 4.3).

Inertia (): Resistance of an object to any change in itg sitnotion. Where
(wn) is the natural frequency and (tr) is the resaotime of the system.
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Whn = 2%t/tr

Viscosity €): Dissipation of energy from a vibrating structuvghere (chi) is
the damping factor

k=1/G
Equation 4.3
I =k/(wn"2)
Equation 4.4
¢ = 2*chi*wn*|
Equation 4.5

The code (Python) to model the continuous systersRown in Figure 4.19.

from numpy import *
from scipy.linalg import expm

class dynsyst():
E def init (self, I,c, k,ts):
# Sistema continuo
L = matrix([[0,0,01,[1/I,-¢/I,-k/I1,[0,1,011)
self. sist = expm(A * ts)

o [ T O (Y S ' B L I )

B self.reset()

[N Ve T 's )

11 © def pos(self, emg val):
12 self. internall0,0] = emg val
13 self. internal = self. sist * self. internal

15 | return self. internall2,0]

17 T def reset(self):
18 self. internal = matrix([[0],[0]1,[011)

Figure 4.19. Python code of physical model.

Different values of the damping factor (chi) weested to produce a critically damped
model of rapid response (Figure 4.20).
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Figure 4.20. Critically damped behavior of the mode

Highest values of chi (Figure 4.21) showed overdadripehavior where the desired gain
(G) was not reached within desired time (tr).

35 T T T T

wnl =
25 8

0} .
chi>1.2
G=30 15} ]
tr=3

Gain

10+ 1

time {s)

Figure 4.21. Overdamped behavior of the model.

Lowest values of chi (Figure 4.22) showed underdaimipehavior where oscillatory
response cannot ensure the desired gain (G) in(tijne
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45 T T T T
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Figure 4.22. Underdamped behavior of the model.

4.5.4. Physical model validation.

The task and the operating environment should giideselection of the most suitable
physiological control system (“input device”). Imet specific context of two methods of
selection (“proportional control” and “physical medccontrol”) a “primitive task” has
been configured to evaluate the communication iefficy and effectiveness. This test
will consider the maximum number of elements inghid and the feedback needed to
ensure an accurate bit rate in the communicatioogss.

Six healthy subjects participated in the study twmisisted of ten tasks (see section
4.5.4.2). The test area was quiet and free frotredisons, with optimal temperature and
lighting conditions.

The surface electromyography of one muscle of threafm (flexor carpi radialis
muscle) was used as the input device. This mustteta flex and (radial) abduct the
hand. Thus, the pointing performance in one axis tested.

Rules governing the ethical conduct of human erpemtal testing were followed
including the protocol of the “Surface ElectroMy@phy for the Non-Invasive
Assessment of Muscles” (Hermens & Roessingh Relse@ard Development BV, 1999)
for this muscle.

A testing interface was developed to conduct tek gccording to ISO 9241-9:2000. It
was configured to provide user feedback (visualamtltory), to capture and store user
actions and their times.

62



Chapter 4: Materials and Methods

4.5.4.1. Variables and factor definition for thette
The following variables were calculated:

Iﬂallo world I

Dist
A < = » B
: '
] 1
< &
Siz g, Areag,
R ]
Ax Bx

&
&

v
v

Figure 4.23. The distribution of distances on the seen.

» The size of the button (w):

The area of the button (Argd is the maximal region that can use the button.
Inside this area, we can define the size of thiohat(SizeBtn) to prevent direct
contact between them (difficulties selecting a #jmelbutton between borders).

0,76 Rx

Aredsn= Ncol

SizeBtn (w) = Aregin* 95 %
Equation 4.6.

Where:
Rx is the resolution in the x axis.
Ncol is the number of columns of the grid

The available area (Ax) of the communication gritl lne placed on 80 % of
the screen:
Area (AX) = R*0,8
Equation 4.7
Three sizes of buttons (w) were proposed:
1) Small = grid of 20 columns

2) Medium = grid of 14 columns
3) Large (Big) = grid of 8 columns
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Distance (d):

The distancéDistag) is the distance of movement between targets itbestas
follow:

Distas=Areasin* BtnY

0,76 Rx
Ncol

Distag= * (BtnY)

Equation 4.8

Where:
BtnY is the column of the target.

Thus, three different distances were proposed:
1) Close = maximum number of columns/5
2) Halfway = maximum number of columns/2 and
3) Far = maximum number of columns-2.

Index of difficulty (ID):

The index of difficulty is the measure, in bits,tbé user precision required for
each task. For selection, pointing or dragging dable index is described as
follows:

d+w

ID = log,
Equation 4.9

Time of movement {f):

Time needed to reach an element.

Selection:

Direction of the movement to reach the next tarBaht-Left or Left-Right.
Control:

Two categories of control: Proportional controllt¢fi) or physical model
(model).

Transmission speed (Vtx):

Measurement of the amount of information transtirvéth respect to time.
Vtx =ID/t,,

Equation 4.10
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4.5.4.2. Procedure.

The study consisted of ten tasks; five tasks witiirectional selection option with
ElectroMyoGraphy (EMG) and proportional controltéfi) and five tasks with physical
model control (model).

The subjects were informed about the objectivethefproject and the task that they
should carry out. An informed consent form was s@jby the participants (Appendix
D).

The main difference between the two possible ctsivas the type of contraction of the
flexor carpi radialis muscle needed to reach aobutt

With the proportional control, the subjects werstiacted to perform a continuous
contraction by flexing the wrist (activating the BEMsignal) to reach the buttons,
combined with relaxations periods between eleméfitth the physical-model control,
the contractions were discontinuous, simulatinghthed grip (with a foam ball as is
shown in Figure 4.24) several times on the way&zh every button.

Figure 4.24. Testing conditions.

After they were instructed about the testing procedthey had time to practice it to be
familiar with the exercise, the input device ansual feedback and to know the limits
of their muscle contraction.

According to ISO 9241-9:2000, the task consistpaifiting and selecting each button
25 times, in our study the subjects did this 488n(to increase the influence of the
fatigue), and the users also had to keep the pawer the button for two seconds. The
level bar and the buttons changing their color glewisual feedback to the user about
the EMG. Each cycle started when the subject slettte button the first time. Users
had a brief break between the cycles.
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The subjects were set out with two surface eleespds we can see in the Figure 4.25,
in the dominant forearm, for gathering the EMG sigrof the flexor carpi radialis. These
electrodes were connected to channel one of th8ig@malsPlux. The skin was prepared
and the location of the electrodes were placeaviolig the recommendations of the
“Surface ElectroMyoGraphy for the Non-Invasive Assaent of Muscles”. The ground
electrode was placed on the dorsal area of the agia reference, and was connected to
the channel G of the BioSignalsPlux. The BioSigaklz was connected at the same
time to the laptop by Bluetooth.

-

Figure 4.25. Position of the electrodes on the fomem.

The resolution of the screen was 1280 * 800 piXélyure 4.26 shows an example of a
task.

Hello world

Figure 4.26. Test screen with an example of a task.

Due to the large number of combinations neededhfmicomplete experimental design
(2 factors with 3 levels and 1 with 2 levels) anithwhe aim of reducing experimental
time, a reduced experiment design was performedthi® a distribution of the factors
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among all the users was undertaken by means gftanal division by blocks, following
the algorithm of Goos and Vandebroek (Goos & Vanoek, 2001). This ensured a
balance of sampling between the different combamatiof factors:

» Distance to the button: close, halfway and far.
» Size of the button: small, medium and large (big).
»  Control system: filter and model.

Appendix E shows the final distribution of the farst between the users.

4.5.4.3 Data analysis.

This section is oriented to describing the analysisducted to test the second hypothesis
of the thesis.

A study of statistical inference was conducted ampare two physiological control
methods and the influence of the size of the budtwhthe distances between them.

A cause-effect model was defined for each of threatsées (effects) with the following
factors (causes):

= Control system used to select a button (contropertional control (filter) and
physical model control (model).

= Size of the button (SizeBtn): small, medium, lafigig).
= Distance to reach a button (DistBtn): close, hajfwar.

A mixed-design analysis of variance (split-plot AM®) was used to test the differences
between the factors under a repeated measuresdesig

Variable ~ Control + SizeBtn + DistBtn + ControlZiBtn + Control:DistBtn +
SizeBtn:DistBtn + Control:SizeBtn:DistBtn + (1|Usi®
Equation 4.11

A Post-hoc analysis was carried out for the factith more than 2 levels (size and
distance of the buttons). In all the analyses desdrin this section, significant
differences or relationships are considered if "foievalue is less than 0.05. These
statistical analyses were carried out with thestieal software R v2.6 and the Post-hoc
interactions were undertaken with the library plide Rosario-Martinez, 2013).

Based on the results of the inference study, thidigyaof the second hypothesis was
analyzed as follows:

Hypothesis 2: “Our innovative approach of physiadad control, based on a physical
model, allows better communication performance thesportional control. This is
applicable on direct selection systems over agjricbncepts”

* The independent factors with a significant influeraver each variable were
analyzed.
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The variation of the performance between the twatrob systems was
compared.

For each type of control, the influence of the ditsize and distance was
analyzed.

The influence of the size of the concept board {mam distance between
buttons) and the size of the buttons was analyzed.



Chapter 5
Results

The results are presented in two sections. Sed@i@énpresents the results of the
conceptual design of the ABC system. It starts whthinitial identification of system
features and finishes with the results of the tesss evaluating the proposed prototypes.

Section 5.2 presents the results of the test amddmparison between the two control
systems for direct selection. These results avetsired according to the analysis of the
activation times and the transmission speed, bath the influence of the Size and

Distance between buttons.

5.1 Conceptual design of ABC system.

5.1.1 Resultsof the prioritization of ABC functions.

This section presents the results of the surveysiiing professionals examining the
functions provided by the communication system #@the module (communication,
learning, affective, health, software configuratibardware, other functions). “Basic”
functions of each module have been identified amegrated into the ABC concept
(Table 5.1).
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Table 5.1.Basic system features.

ABC Modules Basic features

Communication

Allow to talk

Learning

Improve his communication
Feedback to make easier the learning process
Levels of learning (basic, medium, advanced)

Allow different complexity levels to access the

communication too

Affective

Identify the mood and the feelings of the user elgp
him/her to express them

Allow the user to decide when and how communig
his/her mood

Make easier to create new relationships beyond
family

Improve his social image and autonomy

Not modifying the natural behaviof the use

Health

Limit the access to private data
Combine physical, mental and social health
Measure just the essential data as to not stressstr

ate

his

Send alarms to medical staff and relatives withput

disturbing usel

Software configuration

Emotional detection

Different input interfaces (including mouse, keytiba

and physiological signals)

Usability: Easy to use and learn

Intuitive navigation

Interface customization: Avatar, language, intéosct
way, etc.

Configuration: Easy to use and possible to chandgkdy

user
Predictive scanning
Protection against loss of informat

Hardware

Adapted to gender and age
The communicator should have recognition, accegs

an

control personalized system depending on the user

(facial, look, touch, scan, head switch, he
movement...)

Volume adjusting

Functional design

Like a table
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« Simple operation, clear instructions

« Water and sun resistant

« Regulation of brightness depending on the light
» Customizabl

e Modern, aesthetic, colorful, funny

* Not to evidence that it is a support product

» Several color cases

Other functionalities » Thin, lightweight, compact (fit in a backpack)
e Strong and resistant

e Inconspicuous

e Ergonomic

e  Modulal

The tables:
Table 52, Table 5.3, Table 5.4, Table 5.5,

Table 5.6, Table 5.7 and Table 5.8 show the regilthe surveys. To prioritize the
functions, a reduced number of elements were seled®Prioritization was done
following two rules:

* The element noted as more “Essential’ (dark gredhe tables).
* The most significant elements through the sum séeigal and very important
(light green in the tables).

Table 5.2. Results of the questionnaires for the camunication module.

Valore la importancia de las siguientes prestasigrega emaédulo de COMUNICACION. Por favor, NO VALORE COMO
IMPRESCINDIBLE MAS DE 5 PRESTACIONES.

Imprescindibl Muy Poco Nada

. Importante | . . Total Priorizacion
e importante importante | importante

Disponibilidad
de frases
predeterminada
s para
conversacion de
arranque,
saludos, temas,
aficiones,
necesidades
bésicas, et
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Imprescindibl
e

Muy
importante

Importante

Poco
importante

Nada
importante

Total

Priorizacion

Ayuda para la
construccion de
frases
complejas a
través de
predictores,
correctores
gramaticales,
diccionarios...

22

13

Combinacién de
texto y
pictogramas

22

16

Autocorreccion
en los mensajes
pictograficos,
no sélo en los
mensajes de
texto.

22

11

Disponibilidad
de librerias de
voculario
extenso,
simbolos, et

22

16

Sistema
inteligente de
reconocimiento
de términos. El
sistema, ademas
de corregir,
aprende nuevos
términos,
baséandose en el
uso frecuente
delusuario

10

22

17

Deteccion
inteligente de
mensajes
contradictorios.
A veces, el
usuario no
comunica lo
que realmente
ocurre

22

13

Posibilidad de
tener diferentes
idiomas/lenguaj
es. Traducto

22

10

Traducir la
informacion a
otros modos
(escrito-oral-
pictograma

11

22

17

Detectar la
complejidad de
un texto y
simplificarlo
para leerlc

22

10
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Imprescindibl
e

Muy
importante

Poco Nada

TSRS importante | importante

Total Priorizacion

La sintesis de
voz para
pictogramas (el
pictograma se
podria traducir
en
alfabetizacion’
No sintetizar la
VOZ COMo una
maquina, que
sea naturg
Internet
adaptado al
usuario (por 7 9 4 2 0 22 16
ejemplo, con
pictogramas
Comunicacion a
través de las 1 11 10 0 0 22 12
redes sociale
Comunicaciéon
con otros 2 10 7 3 0 22 12
usuarios ABC
Organizacion
del
comunicador 4 11 6 1 0 22 15
por temas de
conversaciol

Table 5.3. Results of the questionnaires for the lea@ing module.

Valore la importancia de las siguientes prestasigrega emo6dulo de APRENDIZAJE. Por favor, NO VALORE COMO
IMPRESCINDIBLE MAS DE 3 PRESTACIONE

Muy Poco Nada

TSI importante hiTpeEniE importante | importante

Total Priorizacion

Tutoriales para
ampliar el
vocabulario
(diccionario,
sinénimos y
anténimos...
Tutoriales para
favorecer el
aprendizaje de
la
comunicacién
(correccion
ortogréafica y
gramatical)
Tutoriales para
aprender a
navegar por
Internet de
forma
auténome
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Imprescindible

Muy

importante

Importante

Poco
importante

Nada
importante

Total

Priorizacion

Tutoriales
explicativos de
las funciones y
programas del
comunicado

11

21

16

Conocimientos
sobre cultura
general (por
ejemplo, a
través de
libros,
enciclopedia,
etc.)

10

21

Refuerzo
positivo.
Feedback con
colores y
musica

21

11

Table 5.4. Results of the questionnaires for the ertions module.

Valore la importancia de las siguientes prestaciosepara el médulo de EMOCIONES. Por favor, NO VALORECOMO
IMPRESCINDIBLE MAS DE 5 PRESTACIONES.

Imprescindible

Muy
importante

Importante

Poco Nada
impor importa
tante nte

To
tal

Prioriz
acion

Aviso al usuario sobre
el cambio del estado
emocional detectado
por el cambio en las
sefialedisiolégicas

21

17

Aviso al cuidador y/o
padres sobre el cambiq
del estado emocional
detectado por el
cambio en las sefales
fisioldgicas

10

21

17

Sugerir al usuario y/o
cuidador y/o padres
diferentes
procedimientos de
mejora del estado
emocional cuando se
detecte un cambi

12

21

17

Permitir la posibilidad
de crear reglas de
mejora del estado de
animo (ejemplo, si el
usuario esta contento Y|
son entre las 3y las 6
de la tarde, sugerirle la

posibilidad de chatea

11

21

12
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Imprescindible

Muy
importante

Importante

Nada
importa
nte

Poco
impor
tante

To
tal

Prioriz
acion

Utilizacion de
imagenes como
mecanismo de mejora
del estado de anin

11

21 9

Utilizacién de muisica
personalizada como
mecanismo de mejora
del estado de anin

12

21 9

Utilizacion de codigo
de colores como
mecanismo de mejora
del estado de anir

11

21 5

Utilizacion de lectura
agradable como
mecanismo de mejora
del estado de anin

Personalizacién del
software en funcién de
estado de &nimo (por
ejemplo, si el usuario
esta nervioso la interfa
se simplifica, se
muestran menos
simbolos)

13

21 6

Permitir expresar
sentimientos y
emociones mediante
frases ya hechz

21 17

11

21 20

Permitir expresar
sentimientos y
emociones mediante
conceptos emocional

10

21 18

Permitir expresar
sentimientos y
emociones mediante
voz natural (modulada
con emociones

10

21 19

Table 5.5. Results of the questionnaires for the hith module.

Valore la importancia de las siguientes prestaciosepara el médulo de SALUD. Por favor, NO VALORE COMO
IMPRESCINDIBLE MAS DE 3 PRESTACIONES.

Imprescindible

Muy
importante

Importante

Poco
importante

Nada
importante

Total Priorizacion

Aviso al
usuario sobre
el cambio del
estado de salud
detectado por
el cambio en
las sefiales
fisiol6gicas.

21 18
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Imprescindible

Muy
importante

Importante

Poco
importante

Nada
importante

Total

Priorizacion

Aviso a los
cuidadores y/o
padres sobre el
cambio del
estado de salud
detectado por
el cambio en
las sefiales

fisiolégicas
Comunicarse
con el personal
de salud en
caso de
emergencit
Sugerir al
usuario y/o
cuidador y/o
padres
diferentes
procedimientos
de mejora del
estado de salud
cuando se
detecte un
cambio

12

21

21

21

21

21

13

Proporcionar
consejos
preventivos
para mejorar el
estado de
salud

12

21

Posibilidad de
descarga del
historial de
salud.

21

Proporcionar
informacion
visual continua
de algunos
parametros
fisiol6gicos
importantes
para el usuario
(por ejemplo,
con una barra
de
herramientas
de la salud

21

Proporcionar
informacion
del valor de
parametros
fisiol6gicos
registrados
anteriormente

21

Juegos para el
seguimiento y
para la
deteccion de
estado de

salud

11

21

76




Chapter 5: Results

Table 5.6. Results of the questionnaires for the gufare characteristics.

Valore la importancia de las siguientes prestaciosepara el configurador del software. Por favor, NO/ALORE COMO
IMPRESCINDIBLE MAS DE 5 PRESTACIONES.

Muy Poco Nada

. Importante | . ) Total Priorizacion
importante importante | importante

Imprescindible

Permitir
diferentes
niveles de uso
(basico, medio,
avanzado)
dependiendo de| 17 4 0 0 0 21 21
las
caracteristicas
fisicas y
cognitivas del
usuario

Personalizacién
total del
comunicador
en funcion del
usuario

Posibilidad de
que el usuario
pueda 4 14 3 0 0 21 18
configurar su
comunicadol

Bot6n de
acceso directo
al médulo de
comunicacior

Bot6n de
acceso directo
al médulo de
salud

Bot6n de
acceso directo
al médulo de
emocione

Uso de colores
y sonidos

Posibilidad de
disponer de 9 8 4 0 0 21 17
pantalla tacti

Necesidad de
feedback 5 11 4 1 0 21 16
continuo
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Imprescindible impr\clnlrlglnte Importante impf)cr’tcaonte im;\:)erl?aite Total Priorizacion
Que el
comunicador le
de feedback en 4 11 4 2 0 21 15
forma de
conversaciol

Table 5.7. Results of the questionnaires for the hdware characteristics.

Valore la importancia de las siguientes prestaciosepara el configurador del hardware. Por favor, NOVALORE
COMO IMPRESCINDIBLE MAS DE 5 PRESTACIONES.

Imprescindib
le

Muy
important
e

Important
e

Poco
important
e

Nada
important
e

Total

Priorizacio
n

Sensores
inalambricos

6

13

2

0

0

21

19

Sensores
ocultos:
sensores en el
gorro, gafas,
reloj,
cinturén...

21

14

Sensores
prefijados, sin
necesidad de
colocarlos

12

21

15

Sensores
colocados en la
silla de rueda

12

21

14

Posibilidad de
encendido /
apagado de los
sensores por los|
propios
usuarios

21

17

Deteccion y
calibracion
automatice

12

21

19

Integracion de
teclado

18

21

20

Integracion de
pulsador.

14

21

20

Comunicador
portatil, similar
a un table

10

10

21

20

Comunicador
incorporado en
la silla de

ruedas

11

21

18
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Imprescindib
le

Muy
important
e

Important
e

Poco
important
e

Nada
important
e

Total

Priorizacio
n

Comunicador
que se pueda
utilizar en
diferentes
ambitos, en la
playa, en el
colegio, en el
parque, no solo
en casi

21

19

Incluir
caracteristicas
de teléfono
movil: GPS,
SMS, mdvil,
etc

15

21

17

Disefio
personalizado
adapatado al
sexo y edad
(por ejemplo,
para nifios que
sea como un
juguete

12

21

15

Posibilidad de
recargar
inalambricamen
te la bateria.

13

21

14

Posibilidad de
recargar la
bateria 0
mediante
energia solar

12

21

12

Table 5.8. Results of the questionnaires for the o#h functionalities.

PRESTACIONES.

Valore la importancia de las siguientes prestaciose Por favor, NO VALORE COMO IMPRESCINDIBLE MAS DE 3

- Muy Poco Nada N

Imprescindible importante Importante importante | importante Total Priorizacion
Gestion de la
domética del 6 1 0 0 21 20
hogar
Control del
movimiento
de la silla de 4 2 ! 0 21 18
ruedas
Hoaedleden 6 9 6 0 0 21 15
de musice
Visualizacion
de peliculas 3 12 6 0 0 21 15
Lectura de
Dyes 0 14 6 0 1 21 14
Narracion 4 13 4 0 0 21 17
automatica di
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libros
(mediante la
voz del
comunicador
Juegos offline

y online 2 15 3 1 0 21 17
Compartir
imagenes. 1 15 5 0 0 21 16

Table 5.9 shows a recompilation of the prioritifedtures of each module as made by
the professionals.

Table 5.9. Prioritized features with professionals.

ABC Modules Prioritized features

Communication . . .
¢ Pictogram voice synthesizer

« Intelligent system for recognizing the terms. Basadrequent use
the system corrects and learns new terms.
e Translator (writte-oral-pictogram

Learnin . . -
g ¢ Tutorials for learning new vocabulary (dictionargynonymous,

antonyms...)
* Tutorials of communicator functions and progr

Affective L . .
» Software customization depending on emotions

e To allow expressing feelings and emotions throuafiural voice
e To allow expressing feelings and emotions througemade
sentence

Health
« Possibility of communicating with the professionatscase of an

emergency.
« Notify care givers and parents of changes in tlagesdf health as

detected by changing of physiological signals
« Notify the use of changes in the state of hez

Software

configuration ¢ Total communicator customizing depending on the use

« Allow different levels of use (basic, medium, adead) depending on
the physical and cognitive characteristics of theeruand the
experience (previous use on similar devices, tablgt

¢ Allow the user to configure the communicator

e Direct buttons (communication module, health modwlfective
system module

Hardware . o .
« Communicator able to be used in different envirorisien

¢ Automatic detection and calibration
« Keyboard integration

¢ Push-button integration

¢ Wireless sensors

Other functionalities

» Home control manageme
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* Wheelchair movement control

The professionals also provided a set of recomnienmathat were not assessed in the
survey:

» Detect context and adapt the vocabulary to theestnEor example, if the user
is at school because he has a radio workshoppthenanicator should identify
the context and adapt the vocabulary, prioritizimg relevant issues.

» Combine text messages with pictograms to tran$mihtin a standardized way.

» Screen organization depending on communication:iggd Need information,
b) I give you information, and c) | have anotheede

* Reduce childish reinforcement.

5.1.2  Assessment of the user interface by DCP users.

The main problems and recommendations of eachrsdteeprovided by DCP users are
described in the next tables. The information leesnixlassified into 4 groups: a) general
features and main interface, b) communication nmdy)lhealth module and d) affective
module. The number in parentheses represents thbarwof users that agree with that
comment.

5.1.2.1 General features and main interface.

Switching on the communicator and main screen

ABC/Home

Configuration I

—

o I am...

Communicator u

Emergency

Environment )

Ll) Exit
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Problems found

Improvement recommendations

Users cannot switch on the communicatpr
by themselves .
No problems with the main screen

Switching it on autonomously (4) or
using a push button (2)
Adding the possibility of introducing a

phone option in the communicator

Shortcuts

Configuracién

Comunicador Solud J

<@ | i €
y & .4 -
Ocio Control de entorno

Aprendzaje

a area siempre

Problems found

Improvement recommendations

The emergency button should not appear i
all the screens because you can push it
unintentionally. It should appear just in the
home screen

The usefulness of the emergency button is
not well understood (

Remove the Emergency button in all
the screens (2)

Ask for confirmation when pushing th
emergency button

[¢]
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Switching off the communicator

Configuracion

Aprendzaje l { lcw ol de entorno

Problems found Improvement recommendations
= All the users who said about the exit = The turned off of the device should be
button prefer it only in the home scri guide by the look

Turning off the communicator: Confirmation message

Alerta

(Realmente quiere apagar el
dispositivo?

D). J)

Problems found Improvement recommendations

= Users cannot understand the informatior] *  Allow transmitting the information
because don’t know how to re verbally

5.1.2.2 Communication module.
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Pictograms Grid

Y por voz

El mensaje
seleccionad
(Reloj ) se

Boton para
volvera la

pantalla
principal del!
comunicador

anterinrmeanta

Problems found

Improvement recommendations

e Grill too big, 3x4 preferred

e Buttons missing:
= Return to the previous screen
= Return to the main grid

. Add an erasing text button (3)

. Allow the system to transmit the
message by words. Thus, the user c
correct it is wrong.

. Allow the system the capacity of
ranking the pictograms in order of |

an

Reduction of the number of elements

08:20 AM

Problems found

Improvement recommendations

= A user does not think that the reduction
would decrease the stress of the user,
even so, he likes the idea

=  Add some relaxing tasks to calm the u
quickly (“music”, “book”, etc.) (2)

=  Use pictogram reduction also for healt
problems

ser
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Sharing information on social networks

Y se

comparte
via Twitter
El mensaje
seleccionado
(Celebracion) se
muestra por
escrito
|
Problems found Improvement recommendations
= Users need help for accessing the sofial
networks
= Users prefer Facebook rather than Twitter " N the text box should appear the
A3) pictogram instead of the text.
= Users cannot understand the information
written
Communication based on “real” scenes
Problems found Improvement recommendations

» Users cannot understand the information, aqq the option of telling it verbally
written
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Predictive selection system

fulll ABC A3 06:40 PM

Yo- tengo una idea J

Segundo, el
predicado

Problems found Improvement recommendations
= The degree of its utility is inversely * Inthe text box should appear the
proportional to the hurry he has pictogram selected instead of the text.
= Users cannot understand the informatign "  Add option of activate/deactivate the
written predictive selection system

5.1.2.3 Health module.

Health warning

Configuracion

@0

Estoy.

Foarao [v]

A

() sar

Problems found Improvement recommendations

= Add a pictogram representing:

* No problems found 0 Decreasing of blood press!
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0 Back pain (2)
0 Knee pail

User reports

LISTA DE SENSORES

Frecuencia respiratoria
Temperatura

Acelerémetro

Problems found Improvement recommendations

= The understanding of the plots is difficulf *  Show the information in a visual way.
@) * Include:

= One of the user does not think this o Blood Pressure.
information is relevai o  Oxygen saturation

5.1.2.4 Affective system module.

Home screen

Sino desea
comunicarlo, el
usuario puede
desactivar la opcion
de mostrar sus
Conbiguracizn | emociones

Espacio donde se
muestra como se
siente el usuario
segln lo registrado

por las sefiales : | =
fisiolégicas ’ %

Sl
Lmn—.e do mmJ

Si el comunicador
se equivoca el
usuario puede
cambiar su estado
de dnimo

Problems found Improvement recommendations
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Show feelings, something intimate, in the
screen (3)

¢ Show the emotional state in the
home affective system module, as a
private option (Z

Different ways of communication of emotions: basismileys, facial expressions and colors

Aburrido Estresado

Problems found

Improvement recommendations

The feeling menu is written and some us
cannot read it.

One of the users thinks that the fac
expression is over information

Some of the users do not understand well
meaning of each expression (3)

It is difficult because there are too mu

ers . .
« Faces and colors customizing optign,

because some users do not associate well
the faces (3)
One of the users prefers to identify the
tone of the voice with the feeling
expressed

Reduce the color range (2)

ial
the

o

concepts ancolot range (3

5.1.2.5 Satisfaction level with the different functiona&gi

Table 5.10 shows the qualitative results of thesfsadtion for each function, quantified
with the stickers used by the participants.

Table 5.10. Overall evaluation of

functionalities wth DCP users.

Qualitative evaluation

Green No
stickers stickers

Basic functions

Switching on the
communicator

. IENEEE

Main screen

[ I

Shortcuts

TIENENE

Switching off the
communicator

T IENENE
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Confmation B BF| s | 2 | o
Confirmation message
[ N
S | Reduction of the numbey _|
§ of elements 10 0 0
€ | social networks
% Communication based -. 8 2 0
O | on “real” scenes
Predictive selection _ I 9 1 0
system
g
Emotions: home screen _] 8 2 0
5 o . .
Z emotions: basic smileys
€ | Communication of emo- _. 7 9 1
LIJ . . . -
tions: facial expressions
Communication of emo- ._ 2 7 1
tions: colors

5.1.3 Assessment of the configuration interface.

This section provides the results of the test witbfessionals of the configuration
interface. Firstly, the ease of use to accesséntevith each module/feature is provided.
Secondly, the satisfaction of the professional wilkh screenshot is also provided.

5.1.3.1 Ease of use and performance of the configuratiteriace.

The Table 5.11 shows the results of the ease offeiatire assessment) and the level of
accomplishment of each task (task performance).la$tecolumn shows the selected
screen when the professional has not finishedatsle t
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Table 5.11. Results of the ease of use of the cgufiation interface.

User profile Add a new user 8 1
Activate voice synthesizer 4 4 1
Physiological Tune up control signals 4 3 1
signals - - -
Configure affective system signals 6 2
Language Deactivate the predictor 3 3 1
Library Make a filter to locate a pictogram 5
New pictogram Assign the priority to a new pictogram 3 6
Configure board Configure the number of pictograms pe 3 5
screen
Pictogram Configure scanning by rows and colum 4 5
selection - - — -
Configure a selection via joystick 3 4 1
Online services Configure internet home page 5 4
Others Activate video option 6 3
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5.1.3.2 Satisfaction questionnaire
The next tables show the level of satisfaction eomiag the configuration interfaces.
The main problems and recommendations are alsorshow

User profile
Very satisfied
1
ABC/Man_menu -0 X
User Profile o—

A | ABC er

Resume of active options ond system state
Last caiibrotion
Longuaje
Physiological signals
Physiological signals
L Output:
@ Textnthe screen
ltem oelection O Voce synthesizer
Onine services

Others IO Detect device I l[} Synchronize commurnicator |

Cg Devie cnine 4

Problems found Improvement recommendations

« A menu on each option of “Output”
0 In “Text in the screen” give the
option of configure width, spacing,

color, source...

o In “Voice synthesizer” give the
option of configure voices, speef

tone, pause between words...

*  No problems detected
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Physiological signals
Very satisfied Neutral
3 1
ABC/Physiological_signals -l X
User Profile Physiological signals: selection and calibration
Physiclogical signals Control signals
an == )
QO  Sow cortoal potentials Visual evcked potertol
QO  sensery more cotvity 0 P00
EMG | I OFF l
o E)  [Cabae)
Affeclive system
Covere | con ) )
Item selection
HRV :
Onine services L
Others
CQ Device cnine

Problems found

Improvement recommendations

a complex issue

¢ Professionals considered that health

is Change the position of the health monitor

« Codify the signals using colors

other screen
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Language
Very satisfied Neutral
2
ABC/Language -0 X
User Profile
Predictor:
Physiological signals Language ® ON
Language O O©OFfF
Library

Resume of active language options:
New items - Libraries

Number of available items
Item layout

Item selection

Online services l New items I | Item layout I

Others [ Synchronize communicator

CQ Device onine 4

Problems found Improvement recommendations

 An orthography corrector

e The screens of “Language” and 0 An option of changing thg
“ltem selection” may causg capital letters of some words
confusion between each

\1%
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Library
Very satisfied Neutral
2
-0 X

ABC/Language/Library

User Profile Lb a5 New —
— brary [Grayily] ey
h -l |C‘ Restart library I

Language

oy Fiter By. [ Category ULGroup [+] (Fire>
New items em| Name Cotegory Group MyLibrary -
Item layout -l Rn [ Ve |vemt | 3 | & [

X| Chair Noun House 4 O .

Big | Adjective | General| 3 ™1
Hemadeciion Eat | Verb | verbt | s &
Online services } v
Others @ New gowp ﬁ New Category D Synchronize communicator

C Device onine #

Problems found Improvement recommendations

_ _ » Add an option for filtering by name
* The grammatical category is not. Add the possibility of reading by
important (2) “scanning per
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New item
Very satisfied Neutral
3
ABC/Language/Newltem
User Profile .
New item
Physiological signals
Tagiags Active library: MyLibrary
Library Name XXXXXX
New items Category Verb v
Item layout Group [ None v}
Priority [5 M
Import image for the node:
@ Import image from file: XXXXXX
O Import image from library: Library 1 ‘v
Item selection I ® Cancel I | o3 Apply I
Online services
Others [ Synchronize communicator
CQ Device online 4

Problems found

Improvement recommendations

* No problems detected

» Add the possibility of watching th
pictogram before inserting

(£




Advanced Augmentative and Alternative Communic&istem Based on Physiological Control

Configure board
Very satisfied Neutral
1 1
ABC/Language/ItemLayout -0 X
User Profile Item layout:
Physidogical signds | O Grid
Min grid  Max grid
eeos pw E _ 3 —; 3 e ﬁ
Library Cotirmn =N 43 [ Howse
Column .‘L .\,L E
New items Fridge
Item layout Gpboard
Room
® Scene (3] ror e <
Groups: [Kitchen |w]
| Tag elements I Fridge
Item selection Cupboard
Online services -

Others

[} Synchronize communicator

C2 Device oniine 4

Problems found

Improvement recommendations

* No problems detecte

* No improvements detected
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Iltem selection

Very satisfied Neutral
1 1
ABC/Item_selection -0 X
User Profile Item selection: @ scoming O  Direct selection
Physiological signals Scanning technique: Scanning pattern:
Language ® Automatic O Linear
- QO step QO Circular
Item selection O Inverse ® Row/Column
QO Directed QO Blocks
Time selection D Items by block: [= ‘7 |
— -
Number of ac Example:
ot YR
Scanning speed: E DOOOOB B
4
OO BG
Direct selection QO Keytoord @® TouchScreen
Online services O  Jopstick O othe
Others [ Synchronize communicator

CQ Device onine ¢

Problems found

Improvement recommendations

e Terms like inverse scannin
step, directed are confusing

» Add more options inside the scannipg
option: hold to move forward, scanning

J, laps, hop empty cells..
» Configure highlighted times during the
scanning
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Online services
Very satisfied Neutral
2
ABC/Online_services
User Profile . .
Online Services
Physiological signals
T Web browser:
anguage
- Home page: | WWW.google.com |
Item selection
Favorites: I s.google.com ‘vl
Online services P
l + New favorite I l— Delete I
Email and social networks configuration:
D fEin e B 5 & G|
Account: XXXXXX @ XXXXX EU
Password: XXXXXX
Ot
C2 Device onine #
Problems found Improvement recommendations
» Add an YouTube app in order to acce
* No problems detected directly
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Others
Very satisfied Neutral
2
ABC/Others
User Profile .
Other services
Physiological signals
L :
— wee G0
Item selection
Online services Video .
Others
Sound recorder .
[ Synchronize communicator
C2 Device onine #
Problems found Improvement recommendations
«  No problems detected » No improvements detected

From the point of view of the DCP users, evaluatiérihe different functions of the
communication system shows the positive pointstaa@lements that can be improved
(only two parameters were evaluated negatively).

Additionally, evaluations with professionals shovibdt the proposed system is easy to
use and the interfaces developed are satisfactohadapted to DCP user needs.
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These results are in line with hypothesis numbddifferent evaluations have made it
possible to identify new characteristics to imprdive functionality and usability of the

system.

ABC communicator is perceived as an Information@ochmunication Technology tool
that must consider the BASIC features initially pssed (communication, learning and
self-regulation of emotions) and, in addition:

= Leisure through internet tools (watch movies, rgdaly online, listening to mu-

sic, etc.).

» Environmental control to provide greater autonorniyame and at the centre.

» Information and culture: reading newspapers, thienfatums, access to cul-

tural events, etc.

= “Advanced” Activities of daily living: access toahping, bank operations, etc.

through Internet.

Figure 5.1 shows the compiled features that shiogldde the new communication sys-

tem.

¢ Internet
access

¢ Phone
¢ Read

¢ Listen music,
watch
movies,..
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eImprove
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(dictionary, word
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ready-made
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¢ Normalized
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¢|dentify a wide
range of
emotions and
feelings

eComunicate the
emotions

sEmotional
manage tools

SELF-REGULATION OF EMOTIONS

=

TECHNOLOGY AND DESIGN

s ightweigh and
small

*Modern. Change
colors

*|ntegrated
accesories

eDurable and
resistant

#Turn on/off by
the user

sAccess: flexible /
switches, tactile
and others (eye
gaze, EEG, EMG,
etc).

2

USER SELF-PERCEPTION

*Happines, joy

*Personal growth,
evolution

*Problem
overcome and
personal
achievement

*Better
communication
abilities

+Better social
integration

Figure 5.1. Identified features for the ABC communéation system.

5.2 Results of the validation of the physiological cdrol system.

In this section, the results of the influence of tifferent factors on activation time
(Time) of the buttons and transmission speed (®tg)presented.

5.2.1. Activation times for the different control systesiges and distances between
buttons.

Table 5.12 shows the significant factors of the AMOmModel for the activation time of
the buttons (Time). The results of the post-hodyaigfor factors with 3 levels (SizeBtn
and DistBtn) are shown in Table 5.12 and Table .5.13

Table 5.12. Significant factors of the ANOVA for tte activation time (Time).

Control 4.139 1 <0,05
SizeBtn 190.490 2 <0,05
DistBtn 178.010 2 <0,05
Control:SizeBtn 37.459 2 <0,05
Control:DistBtn 61.879 2 <0,05
SizeBtn:DistBtn 32.130 4 <0,05
Control:SizeBtn:DistBtn 30.558 4 <0,05
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Table 5.13.Test Interactions of the 3 levels of the button sizgSizeBtn), for the variable Time.

Big-medium -3.2834 1 66.894 <0,05
Big-small -6.2986 1 219.420 <0,05
Medium-small -3.0152 1 50.146 <0,05

Table 5.14. Test interactions between levels of thésthnces between buttons (DistBtn), for the
variable Time.

Close-far -6.2485 1 210.995 <0,05
Close-halfway -1.5119 1 14.568 <0,05
Far-halfway 4.7365 1 123.383 < 0,05
adjusted mean
a) - i
bi‘g medlium srr:all
SizeBin
adjusted mean
b) =
o clolse halflway falr
DistBtn

Figure 5.2. Estimated marginal means of the activatin times for the different a) sizes of buttons
(SizeBtn) and b) distances between buttons (DistBjn
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Figure 5.2 shows the impact of sizes and distannehe selection times (Time). The
subjects need more time when the separation dst@istBtn) is increased and when

the size of the buttons (SizeBtn) is reduced.

adjusted mean

74 THE 7E 8 82
1 1 1 1

7.2

7
1

T
filter model

Contral

Figure 5.3. Estimated marginal means of the activadin times for the different control systems.

The results of Figure 5.3 show the activation titnesveen the different control systems.
The physical model (model) is faster than the prtipaal control (filter).

The results of the interactions SizeBtn:Control BigtBtn:Control are shown in Figure
5.4. The impact of the control system is differdepending on distances and sizes. These

multiple interactions are analyzed in section 5.2.3

adjusted mean

adjusted mean

Control o |
-

—&- filter
-5 model

Control

-8 filter
- model

T
big medium

SizeBin

T T
small close

a)

T T
halfway far
DistBtn

b)

Figure 5.4. Estimated marginal means of the activadin times (Time) for the interactions a) Siz-

Btn:Control and b) DistBtn:Control.
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5.2.2. Transmission speed for the different control systesizes and distances
between buttons.

The transmission speed (Vtx) was compared to therGlesystem (Control), the size of
the button (SizeBtn), the distance between butfDistBtn) and their interactions.

Table 5.15. Significant factors of the ANOVA modefor the transmission speed (Vtx).

Control 63.098 1 <0,05
SizeBtn 13.972 2 <0,05
DistBtn 146.937 2 <0,05
Control: SizeBtn 47.181 2 <0,05
Control: DistBtn 52.610 2 <0,05
SizeBtn: DistBtn 24.308 4 <0,05
Control: SizeBtn: DistBtn 36.811 4 <0,05

Significant differences are established for eactofaand their interactions as shown in
Table 5.15. Table 5.16 and Table 5.17 show theilslath the test interactions of
Vix/SizeBtn and Vix/DistBtn:

Table 5.16. Test Interactions (Vtx, SizeBtn).

Big-medium 0.039890 1 2.5019 0.113706
Big-smalll 0.108121 1 16.3864 <0,05
Medium-small 0.068231 1 6.5090 <0,05

Table 5.17. Test Interactions (Vtx, DistBtn).

Close-far -0.201484 1 55.611 <0,05
Close-halfway -0.286303 1 132.367 <0,05
Far-halfway -0.084819 1 10.027 <0,05
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adjusted mean

o
T

T
filter madel
Control

Figure 5.5. Estimated marginal means of the transmsson speed for the different control
systems (Vtx, control).

Figure 5.5 shows the influence of the control systa the transmission speed. The tasks
with “model” were performed faster than the taskihfilter”.

adjusted mean

a)

= o
' T T T
hig medium small

SizeBtn

adjusted mean

w0
~ 4
< \D

b) ]

T T T
close halfway far
DistBtn

Figure 5.6. Estimated marginal means of the transmison speed for the different a) sizes of
buttons (SizeBtn) and b) distances between buttoriBistBtn).

Figure 5.6 shows the comparison between sizes stehdes between buttons. Users
gradually increased the transmission speed (Vixg¢rwthe size of the button was
reduced.
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The transmission speed is not proportional to ikadce between buttons (the lowest
transmission speed was achieved with the “halfwdigtance). The analysis of the
double interaction of the factors DistBtn:ContraodaSizeBtn:Control was carried out
and the results are shown in Figure 5.7.

adjusted mean
adjusted mean

-0.75

Control

Lol
\u -8~ filter

-& maodel

Control

= filter
- model

-08 -08 -0.7 -06

1
o

-0.85

-1
L

14
1
Q

-0.95

T
close halfway far
DistBtn

T T
big madium small
SizeBtn

a) b)

Figure 5.7.Estimated marginal means of the transmission spee{x) for the interactions a)
SizBtn:Control and b) DistBtn:Control.

When the distance is “far” the size of the butt@tedmines the difficulty of the task,
being more difficult with the proportional contrdilter).

When the distance is “halfway” the control deteregsirthe difficulty of the task. Using
physical model control (model) was easier thanguproportional control (filter).

When the distance is “close” the task is influenbgdhe control and the size of the
button. The easiest task is with the big buttontaedohysical model control.

5.2.3. Multiple interactions of the different control sgsis, sizes and distances
between buttons.

The analysis of the multiple interactions betwesstidrs (SizeBtn, DistBtn, Control) for
the variables Time (Time) and Transmission speed)(¥hows the benefits of the
control by physical model in comparison with thegmrtional control:

= The control by physical model reduces the diffigut the tasks.

= The performance of the tasks with the control bysptal model is less affected
when the size of the button is reduced and theamtist between buttons is
increased.

To show this influence, Figure 5.8 presents thelteof the interactions where the
significant results are indicated with blue and erdg arrows. Post-hoc analysis are
presented in Table 5.18 and Table 5.19.
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adjusted mean
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Figure 5.8. Estimated marginal means of the activatin times (Time) for the interactions a)
TamBtn:Control b) DistBtn:Control
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Table 5.18. Post-hoc analysis of the Time for the ietactions between SizeBtn and Control.

Big-medium:filter-model -0.2133 1 | 0.0676 0.79
Big-small:filter-model -5.0614 1| 33.6414 <0,05
Medium-small:filter-model -4.8481 1 | 31.8713 <0,05

Table 5.19. Post-hoc analysis of the Time for the iatactions between DistBtn and Control.

Close-far:filter-model -6.8905 1 |52.1488 <0,05
Close-halfway:filter-model -0.2197 1 0.0658 0.7976
Far-halfway:filter-model 6.6708 1 | 58.7508 <0,05

Table 5.20. Post-hoc analysis of the triple interains

Close-far:Big-medium:filter-model 7.8988 1 | 15.2751 <0,05
Close-halfway:Big-medium:filter- 5.5481 1 8.0839 <0,05
model

Far-halfway:Big-medium:filter- -2.3507 1 | 1.3507 0.627
model

Close-far:Big-small:filter-model 10.7518 1| 224580 <0,05
Close-halfway:Big-small:filter- 2.3385 1 | 1.3826 0.627
model

Far-halfway:Big-small:filter-model -8.4133 1| 14.0781 <0,05
Close-far:Medium-small:filter- 2.8530 1 | 15776 0.62
model

Close-halfway:Medium-small:filter- -3.2095 1 2.5517 0.44
model

Far-halfway:Medium-small:filter- -6.0626 1 | 6.9017 <0,05
model
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adjusted mean

15

‘P DistBtn
—&— close
-~ far

4 halfway

10

Big Medium Small

TamBin

Figure 5.9. Example where a triple interaction wagound.

The results of the triple interactions betweendexiare presented in Table 5.20. To
explain these interactions, Figure 5.9 shows tteraietion between the factors DistBtn
and SizeBtn. The blue circles represent an exaafplstatistically significant difference
between control systems (close-far:big-mediumrfilteddel). This interaction also
shows that the negative impact of the size anddtsance between buttons is also
different between control systems (worst with thepprtional control).
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Chapter 6
Synthesis ani
Perspectives

In order to propose a synthesis of our work andktgelop new perspectives, this chapter
is organized into 3 sections. Section 6.1 presantiscussion about the hypotheses
proposed in this thesis.

= In section 6.1.1 the discussion is focused onékalts related to hypothesis 1:
“Based on Dyskinetic Cerebral Palsy (DCP) user sgeds possible to design
a satisfactory concept of communication system”.thWihe identified
requirements/features of the system, the proposgmiovements, and the
positive evaluation of satisfaction experiencedthg users, a satisfactory
concept of communication system for DCP peoplebleas designed.

= In section 6.1. 2 the discussion is focused on tigss 2: “Our innovative
approach of physiological control, based on a maysinodel, allows better
communication performance than proportional contfdlis is applicable to
direct selection systems over a grid of concepi§é established that our
proposed control system improves the performanceoshmunication in
comparison with a proportional control with EMG. €eThvariations of
performance associated with the size and distagtweslen the buttons show the
importance of limiting the available number of eknts over a grid of concepts.

Section 6.2 presents the conclusions fulfilling dbgectives and hypothesis proposed in
Chapter 3.
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Section 6.3 presents the valorization of the kndgéedeveloped in this thesis carried
out through scientific publications.

Finally, section 6.4 presents proposed future vieskling on from this thesis.

6.1 Discussion

6.1.1 Conceptual design of the ABC System.

The participation of people with DCP and their girers, throughout the design of the
system, and especially in the early stages, hawedl the development of a conceptual
design that responds to user needs. This is evadeircthe different results of the

prototype validation for both the interface of #t@mmunicator and the configuration

system.

Firstly, we have a set of requirements/featuressified according to level of
importance: basic, essential and non-essentialbébie features should be included in
the development and the essential features sheuidchuded depending on their level
of prioritization, complexity and available resoesc

Secondly, the results of the assessment of thegemafion interface showed that it is
easy to use. In fact, almost all the professiof@0) correctly finished all the proposed
tasks and almost all of them assessed as “satigfietivery satisfied” all the tasks
performed with the interface. In addition, the lleeksatisfaction with each screenshot
of the interface was really high between “satisfiadd “very satisfied” for almost all
the screens. Some areas for improvements wereteigteach as the problems in
differentiating between “pictogram selection” armbard configuration” interface.

Thirdly, the results of the test with DCP usersvebd a high level of satisfaction with
the user interface. However, some limitations wetected and DCP users provided
some interesting recommendations such as to ogisjieed communication, allow
different use of languages and input interfacesotomunicate, provide basic selection
buttons (verbally express, delete, save, home mpoovide warning pop ups for risky
actions (low battery, close system, emotional amedlth problems, notifications,
emergency button) and to be able to completelyomize the interface.

The results of the tests showed that the concepgaggn of the ABC system fits with
user needs and expectations but potential improntsmeere also identified. These tests
also allowed detecting limitations and recommertetithat should be considered in
future development phases of the final system.

To achieve user acceptance of a product or seiviseecessary to provide all the levels
proposed by Jordan (Jordan, 2000): functionalitgeasibility, usability and aesthetics
(Figure 6.1).

112



Chapter 6: Synthesis and Perspectives

While using the concept of universal design (WatigdE & Elaine, 2001) and the
recommendations on issues of user need identditate addressed the first 3 levels of
the pyramid. However, the research activities & thesis did not focus on aesthetics
aspects.

As was discussed in previous research projectsaftafHernandez, 2015), aesthetic
aspects may have some influence on other aspactsas usability. For this reason, in
future phases of development of the ABC systenthatiss should be studied.

Funcionalidad

Source: (Laparra Hernandez, 2015)

Figure 6.1. Aspects to ensure user acceptance.

The results of the thesis have already been impitadento an Android application with
a configuration interface for PC (Figure 6.2). Tiheye been tested with DCP people in
daily life activities with positive results in teenof acceptance specially related to the
following aspects:

» |t facilitates the communication and the self-mamagnt of health status.
» |t allows configuring of the communicator with tlemguage of each user.

» Users quickly assimilate the management of theegyswith the navigation
tools.

» The emotions module correctly identifies the emmdicstate of the user.
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Figure 6.2. Communication system developed with thesults of the thesis. a) Configuration
interface, b) communicator interface.

6.1.2 Direct selection system controlled by the physical mode.

The new control system proposed in this thesisrhpsoved the performance of direct
selection on concept grids in comparison with gprtional control system.

The size and distance between buttons are impadidatdrs in order to simplify the

communication. With the available results, we aseable to conclude the ideal size of
a grid of concepts (ideal size and distance betwmétons). The results show that
reducing the size of the buttons and separating) th@rsens overall performance.
However, our proposed model reduces this impact.

In a future implementation of this new control gystwith DCP people, different
configurations should be tested for each user:

= to determine the acceptance of the control system,

» to define the size of the grid of concepts (it t@ninfluenced by the type of
language used),
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to identify the acceptable communication perforneaic comparison with
other control systems),

to avoid increasing the cognitive and emotional aleds,
to identify the muscular system used,

and to define the parameters of the physical m¢8&ffness, Inertia and
Viscosity) to ensure system responsiveness.

The participants of the test with both control eys$ negatively evaluated the propor-
tional control system (it produces fatigue). Thimsfuture tests with DCP users, this
control system should not be used for direct céntro

6.2 Conclusions

The conclusions of this thesis are the following:

1.

The needs and limitations of people with DCP wéraracterized. These were
transformed into design concepts to prototype a ngonication system
(communicator and configuration system).

The analysis of the prototypes with end-users awfiepsionals allowed the
functions to be prioritized leading to improvemeintthe system.

The results of tests showed that the conceptuamed the ABC system fits
with user needs and potential improvements have lokemtified.

A physical model was proposed for direct contralttis able to reproduce the
muscle mechanics with signal pulses. This mode$ &édfness, Inertia and
Viscosity to augment control and precision anddiec elements on a grid of
concepts.

The proposed physical model control system was eoatpwith a proportional
control system. It was observed that our solutesfuces the difficulty of the
tasks.

The influence of the size and the distance betweé#ons on task difficulty was
analyzed. In general, by reducing the size of thi#éohs and increasing the
distance between them, the tasks are more difficult

The negative impact on performance associatedzéoasid distance between
buttons is less important with the physical modtekhows the potential with
this system to provide larger grids of conceptd@P users.

The EMG signal is a valid signal to use for the 9ibgl model control system
proposed in this thesis.
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6.3 Valorization/Publications

Publications are grouped into two categories agogrib their origin:

116

1. Direct results of the thesis:

Diaz-Pineda J, Belda-Lois J, Laparra-Hernandezrthcho C, Palau
Salvador C. Control fisiolégico en sistemas de aoicacion
aumentativos y alternativos para persona con paraterebral
discinética. XXIX Simposium Nacional de la Unién eGiifica
Internacional de Radio. URSI 2014.

2. Results obtained in other projects using the meatlogies set out in this thesis:

Juan Vicente Dura Gil, Jaime Diaz-Pineda, Elisan&gPerez, Helios
de Rosario Martinez, Enric Medina Ripoll, Jose 8la% Sanahuja,
Lourdes Tortosa Latonda, Ma. Jose Vivas Broset@gtating user
feedback in the design, a new methodology. Redst8iomecanica,
57, 75-77, December 2011.

Diaz J, Such MJ, Sanchez JJ, Mateo B, Laparrdtie isser perception
similar with physical and digital representationThe Fifth
International Conference on Advances in Computembiu
Interactions, ACHI, 2012. International Academy, sBarch and
Industrial Association

Laparra-Hernandez J, Diaz-Pineda J, Belda-Loiathdé3a R, Poveda
R, Prat-Pastor J, SAnchez-Lacuesta J, Matey F, B¥afuation of the
influence of user profile on the suitability of cemt web usability
parameters using innovative methodologies. BoolAl$tracts 3rd

International Conference on Eye Tracking, Visualg@tion and

Emotion. Universidade Lusé6fona de Humanidades endlegias.

ETVCE. Lisbon, Portugal, 2012

Laparra-Hernandez J, Diaz-Pineda J, Belda-Loisade PA, 2013. A
multimodal web usability assessment based on ipadit metrics,
physiological response and eye-tracking analysidAETER 6 of
Book “I see me, you see me: inferring cognitive agmdotional
processes from gazing behavior” Edited by Pedro i®@a& Pedro
Rosa. Publisher: Cambridge Scholars Publishing.

Schmitt, Robert; Kohler, Markus; Dura, Juan V.; BRineda, Jaime.
Objectifying user attention and emotion evoked &gvant perceived
product components. The 11th International Symposiwf
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Measurement Technology and Intelligent Instrumglg881TI1); July
2013, Aachen, Germany.

» Kohler M, Belda-Lois JM, Diaz Pineda J. Dura Juan Maparra-
Hernandez J., 2014. Messung von Emotionen und Riraghability.
In “Perceived Quality.: Subjektive Kundenwahrnehgem in der

Produktentwicklung nutzen” (pp. 77-98). Edited bgbRrt Schmitt.
Symposion Publishing GmbH.

=  Schmitt, R.; Kéhler, M.; Durd-Gil, J.; Diaz-PinedaObjectifying user
attention and emotion evoked by relevant perceiyadduct

components. Journal of Sensors and Sensor SysB®)s315-324.
2014.

= Garcia, L, Lespinet-Najib, V., Saioud S., MeistermaV., Renaud, S.,
Diaz-Pineda Jaime, André JM. and Ron-Angevin RirB@omputer
Interface: Usability evaluation of different P3Qfeler configurations.

A preliminary study. IWANN 2015 - International WoConference
on Artifitial Neural Networks. June 2015.

6.4 Future work

Currently, we are exploring and analyzing seveeaspectives:

To extend the study to other types of cerebralypals

To include the type of language in the definitiontlee size of the grid of
concepts with direct control systems. Our resultews that having many
elements increases the difficulty, but we did rmigider the fact of navigating
between pages to access all necessary concetanfionunication.

To implement the concept of communication systenmmercial products.

To test the physical model control system with DGErs, improving visual
feedback.

To validate the use of another input signal to éase the range of control
possibilities (depending on user profile).
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Appendix A.

Online survey with professionals

USABILIDAD DEL SISTEMA DE CONFIGURACI&H#211;N ABC

1. INTRODUCCION E INSTRUCCIONES

Buenos diasitardes. Desde el IBY estamos realizando un proyecio europec cuyo objetve es desamollar un sistema
de comunicacion que ayude a las personas con paralsis cerebral a mesorar ka comunicacion con su entomo, la
expresion de emocionss y ka gestion de salud. Este sistema (comunicador ABC) esta basado en los Uitimos
IVances en procesamiento de sefiales neuronales, comunicacion aumentada asistida por ordenador y monftonzacion
de bicsenales. El comunicador ASC esta constituido principalments por 4 médulos independientes, &l modulo de
comunicacion. aprendizaje. emociones y de sabud.

Este sistema se est3 desarrollando junito con las personas con PC, sus cudadores y personas expertas en este
eampo. Por ko que nos s2nia de gran utiidad su colaboracion. Le rogariamos que nos atendiese unos mnutos
contestando 3 este cuesiionano para validar un pesible sistema de configuracion para &f comunicador ABC.

El sistemna de configuracion pemitira configurar el comunicador acorde a las necesdades y preferencias de los
usuanos. Esti disefiado para ser usado por & famiiar yio cuidador del usuario; o por & usuario con ayuda de un
familiar ylo cuidador (no est3 pensado para que lo maneje el usuaric de manera autonomal)

Le hamos adjuntado un PDF con las diferentes interfaces/pantalias de que constana el sistema de configuracion.
Este POF es semi interactivo por o que ke permitra navegar por [as diferentes mterfaces (pestafias que aparecen a iaf
izquierda): perfil de usuario. sefiales fisicldgicas, lenguaje (biblioteca, nuevo pictograma, organizar tablero), tipo de
selecoion, senvicos online y otros. Utliosio para contestar a las preguntas

Este documento consta de varias paries. por favor vaya siguiendo sus instrucciones.

Awmmmmommthwmﬂdmame SUS respuestas

137



Advanced Augmentative and Alternative Communic&istem Based on Physiological Control

USABILIDAD DEL SISTEMA DE CONFIGURACI&211,N ABC

2. NAVEGACION LIBRE

En primer lugar queremos que navegue Ebremente durante 5 minutos por el PDF para que valore el sistema de
configuracion en su giobalidad.

¥ Indigue su nivel de satisfaccion global con el sistema de configuracion.
My satisfecho
Satisecne
L]
E——

Muy nsafafecho

Observaciones/mejoras/opciones que cambiaria...

USABILIDAD DEL SISTEMA DE CONFIGURACI&#211,N ABC

3. TAREAS A REALIZAR

A continuacion, le proponemos una sefe de supuestositaress para que valone como de facll seria realizardas con
este sistema de configuracion. Utilice para ello el PDF interactvo (Con el PDF no s= puede acceder 3 todas las
funciones de! sistema de configuracion pero imaginess como ko haria y que funciones activania si pudiera)
Cronometre & tempo que tarda en realizar todas [as tareas porque al final de [a realizacion de todas las tareas
tendra gue anotario

Para cada una de las tareas se hicieron las digsigpreguntas:

* iHa conseguido encontrar la funcion?
1)

he
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* ;. En qué pantalla/interfaz la ha encontrado?
" Perfi del usuano
Seflae: nuciogCEs
" Lenguaje

Eibiotera

| Tipe de seieccitn

Servicios ontine

* Indigue céme de facil le ha resuitado realizar esta tarea.
My 2ci
Fach
NI TRCH Bl gt

(=L B8

Muty GmicE

Las tareas fueron las siguientes:

4. TAREAS A REALIZAR

Imaginess que dessa configurar &l comunicador de un nusvo usuano del centro, ; Ous funcion del setema de
configuracion seleccionaria?

6. TAREAS A REALIZAR

Imaginese que un usuaro esta tenendo problemas con &l uso del predictor (no predice comectamente lo que guens
decir y lo ralentiza mas) y desea desactivario. ;Qué funcidn del sistema de configuracidn seleccionaria?

8. TAREAS A REALIZAR

Imaginese que desea configurar el acceso 2 intemet de un comunicador para que cuando &f usuario abra intemet |a
pagna web de inicio sea la de AVAPACE. ;Qué funcion del sistema de configuracion seleccionana?
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10. TAREAS A REALIZAR

Imaginese que un usuano utifiza & sintetizador de voz para comunicar sus mensajes a los demds. ;Como actvaria
la funcion del sintetizador?

12. TAREAS A REALIZAR

Imaginecs que quiens localizar un pictograma de una biblioteca, Exte pictograma penenace al grupo cocina"y ala
categoria “verba® (por ejemplo “cocinar”. ;Cdmo lo localizaria?

14. TAREAS A REALIZAR

Imaginese que desea confgurar &l comunicador para gue & usuano pueda ver videos. ;Qué funcion del sistema de
configuracion seleccionaria?

16. TAREAS A REALIZAR

Imaginess que un usuAnD Va a utiizar las safales de EEG para moverse por el comunicador y selsccionar los
distintos pictogramas. ; Como pondria a punto estas sefiales?

18. TAREAS A REALIZAR

Imaginese que ha creado un nuevo pictograma para un wsuario. Este pictograma va a ser muy utiizado, mportante y
prioritanio en su comunicacidn. ; Como los configuraria para que asi fuera?

20. TAREAS A REALIZAR

Imaginese que tiene que configurar & comunicador de un usuaro para que haga un bamido por filas y columnas
£ Como lo haria?

22. TAREAS A REALIZAR

Imaginese gue un usuano va a uthzar sefidles GRV y HRV para que detecten sus emociones y cambios en &
estado de animo. ; Como configuraria estas sefales?
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24. TAREAS A REALIZAR

Imaginese que quiers configurar & comunicador de un wsuang para gue los pctogramas de! mismo se dispongan de
tal manera que, como mdximo, s& muesiren en la pantaia 4 fias por 4 columnas de pictogramas. ; Como lo haria?

26. TAREAS A REALIZAR

Imaginese que quiere configurar & comunicador de un usuario que va a seleccionarejecutar los pictogramas
mediante un joystick. ;Cémo lo configuraria?

USABILIDAD DEL SISTEMA DE CONFIGURACI&H#211,N ABC

29. NAVEGACION DIRIGIDA

A continuacion va a volver a navegar por & sistema de configuracidn, pero le vamos a ofrecer una breve explicacion
de cada interfaz para poder realizar un analisis mas profundo. Por tanto, vuelva a navegar por & PDF interactivo, pero
ahora teniendo presente las siguientes explicaciones.
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30. VALIDACION INTERFAZ "PERFIL DEL USUARIO™

£n esta primera nterfaz se muesta el per de usuano. En esta pantalla se puede afiadr un nuevo usuano o acoeds
yio modificar la configuracion de un usuario ya existente (esto permite configurar & comunicador de varios usuanios
desde &l mismo ordenador)

Una vez seleccionado &l usuano aparece un cuadro informativo del estade del s:stema y de |as opoiones actvas:
dftima calibracion, lenguaje del usuario, sefiales fisiclogicas activas. .

Eneslzwﬁh,wﬁnmm&%rﬂ%mdmhmﬂmd%mummm
a los demas (texto, sintefizador de voz_.). y por Uitimo te permite detectar dispositivos exiemos y smcronzar con el
comunicador para implementar las modificaciones realizadas en la configuracion.

BT |

Ml b o S i [ (B
L el oo

‘% Ussre
i

Lo
R )

Twrie de rowumrncae
& Taww o pwdoie
D Sl wiadkor v

[ = i"+ T T I
*ntesdimdoahna\reguién por el sistema y a la informacion anterior, indigue su
nivel de satisfaccion con esta interfaz.

Muy srsfecno
Satizteche
e
nsalizfechn

Mizy meatzfecho

Observaciones
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31. VALIDACION INTERFAZ "SENALES FISIOLOGICAS™

En esta interfaz se presentan las posibles sefiales fsivlogicas que se podrian utiizar para &l manejo del
comunicador por & usuano. Estas sefiales se casificarian en

« Sefiales ge control (EEG, EMG. IMU's): son las gue utifizarian para que el usuano seleccionara los distintos
pictogramas o funciones actvas en |3 pantalla del comunicador, En esta interfaz se da [a oposon de seleccionar,
calibrar y probar estas sefiales. (El proceso de calibracion permitiria ajustar los niveles maximos y minimos de estas
sefiales para cada usuano).

Sen.itsnrrwwuhs{&sa HRVY): mamuummwdmmswmy por
mmmmumm nwawamﬂmmmdmmm
En esta interfar = da la opcidn de seleccionar y calibrar estas sefiales (Bl proceso de calibracion pemmitiria ajustar
los niveles maximos y minimos de estas sefiales para cada usuanio).

« Sefiales de salud (Sp02, HR, Breath): son las que se uilizarian para detectar el estado de salud del usuario. Soio
personal médico podra encargarse de sstas sefiales. Estas sefiales estarin desactivadas por defecto y su uso
protegido con contrasefia. Los imites de esta safial se fijaran conforme a la salud del useario

| Befcks haciopoos Soloccisn y colracdn

( Tones sa soecor

* Atendiendo a la navegacion por el sistema y a la informacion anterior, indique su
nivel de satisfaccion con esta interfaz.

hluy sadisfecho

Batstecno

Nauro

MUy mzaETfechc

Observaciones
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32. VALIDACION INTERFAZ "LENGUAJE"

En esta interfaz aparece una venta informativa con las opoonses de lenguaje activas para el usuano que se ha
seleccionado: las biblotecas disponibles, el numero de pictogramas actvos, los nombres de los grupos de

Emmmumuﬁmm'wmmmmmaum:muam
éste va construyendo sus mens3jes Este sistema se basaria en” las priondades del usuario, en su uso frecuente de
determinados pictogramas o en la estructura semantica del mensage que esta escribiendo.

Fradisier
Lengudje B o

¥

Bt (W G0 I

TR T T e VT ST

temotms | | 'l-u-ﬂ-*ﬂ | Mﬂﬁmﬂ

|
* Atendiendo a la navegacion por el sistema y a la informacion anterior, indigue su
nivel de satisfaccion con esta interfaz.

" Muy saPsteCng

| Balisfecho
Meur
" mmatmfecho

" Muy insatisfeche

Observaciones

144



Appendix A. Online survey with professionals

33. VALIDACION INTERFAZ "BIBLIOTECA"™

MWdehsnMennmummm.umménddew
defecto varias librerias predefinidas pero el usuanio y su familarcuidador podra crearpersonalizar nuavas, cogiendo
pctogramas de ofras |ibrerias {del propio comunicador, de oiros usuarios, de miemet...). A cada pictograma se le
pueden asignar una sene de propeedaces/vaniables:

« Categoria: establecer si se trata de un verbo, adjetvo, nombre... Esta clasificacion puede facilitar & predictor segin
|a estructura gramatical del mensaje que se esié construysndo (F.e Si el usuarnios selecciona un sujsto, despuss
solo le mostraria pictogramas de verbos).

-Gmwﬁmmmqmmmmwuwmmmnmmpmm
varias categorias). Por ejemplo, &l grupo “cocina” agruparia térmnos como "sarén, cublerio, cocinar...” Esta
Mmmmﬁnhmmmmsmms&nmadmmdﬁmusdui
mostrando solo los pictogramas de los grupos relacionados con la sakud.

« Prioridad: se establece segun |a frecuencia de uso yo importancia que &l usuario haga de cada pictograma. Esta
clasficacion puede ser (tl en estados de estrés, cuando el comunicador a de reducir &l nimero de pictogramas que
mostrar 3 usuano para gue escoia (mostrana solo ks de una priondad supernior).

Para localizar un pictograma también ewste [a opcion de hacer un fitrado basandose en estas propiedades
descritas.

Bbkot eCo (S [7] et

Fyiiasr Libdsdod

ey [ R T] (P

50| corer | wwme |vwmt| 2

Eum.ﬂ—a

Emmu—-. 3

B | 5|08

(| cover| veas |venmt|

* Atendiendo a la navegacion por el sistema y a la informacion anterior, indigque su
nivel de satisfaccion con esta interfaz.

" Muy sabisfecho

~ Satisfecro

T

= S——

" Muy insamsfecns

Observaciones
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34. VALIDACION INTERFAZ "NUEVO PICTOGRAMA™

Deentro de una lbreria se pueden orear nuevos pictogramas. Se pueden mportar de ofras librerias o crearlos
dw.nmmmweumahm:swhscm mencionadas antenomente

Hueve piclagrama

Mertie TGl

i ‘v

e C—s

Prosces) —m™

Trpene mages

-

O Iy e bt [Bmisresst v
[+ casremtw omennatis

* Atendiendo a la navegacion por el sistema y a la informacion anterior, indique su
nivel de satisfaccion con esta interfaz.

B i i

- Bamsfecmo

T Nearn

T mmamfecho

by msatsfeche

Observaciones
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35. VALIDACION INTERFAZ "ORGANIZAR TABLERO"

Esta interfaz permie configurar |a organizacson de los pictogramas en la pantalla del comunicador. Esto se puede
hacer per “rejillas” o por “escenas”.

En el primero de los casos se puede establecer & nimero maximo y minimo de pictogramas que se quiers que
aparezcan en |a pantalla ded comunicador del usuano atendiendo. por semplo, 3 supuesios en los gue hay
vanaciones en =l estado emocional del usuano o el estado de salud {se podria establscer, por gjemplo que en
estados de estrés no muestre al usuario mas de 2 filas de pictogramas por 3 columnas).

Enbmnﬂeahmuﬁmmnm%ﬁemmmwewﬁm
contexto real P.e. se mostraria una imagen de una habitacidn en la que =& podrian identificar y seleccionar vanos
pictogramas como la cama, & armario, la mesita__

Esta interfaz permitiria también crear subgrupos de pictogramas dentro de grupos. Sefia como una espece de “mapal
de arbol’ donde un pictograma incluiria dentro de si olros relacionado, y és10s a su vez otros, P.e. el “casa’
contendria dentro de si a “cocina, habitacion, comedor, bano..” y la cocina a su vez contendria "nevera, lavadora,

* Atendiendo a la navegacion per el sistema y a la informacion anterior, indigue su
nivel de satisfaccion con esta interfaz.

Huy satizfecho

Sanstecno

Newtro

Insalinfechs

My meatiatectic

Observaciones
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36. VALIDACION INTERFAZ "TIPO DE SELECCION"

En esta interfaz s& frata de configurar & modo en & gue &l usuano va a selecconar’ejecutar los diferentes
pictogramas en el comunicador. Esta seleccion puede realzarse por bammido o por seleccion directa. En =l caso de
que [a seleccion sea por barmido, esta interfaz permite indicar: la técnica de bamdo, &l patron y ka velocidad: y en
caso de que sea por seleccidn directa. el mecanismo gue la controla (tactl, teclado. joystck. ).

Para el funcionamiento de cualquiera de los dos sistemas de seleccion =& han de haber configurado previamente las
sefales fisiologicas correspondientes (EMG, EEG, IMU's). Todas las sefiales se pueden utilizar para la seleccian
por bamido y para la seleccion directa. En el caso del bamdo, éste se detendria cuande hay un aumento en las
sefales: y en la seleccidn directa estos mecanismes actuarian a modo de raton”

| Thodundacciln @ b O Sewuite dwm

Tiumian de suecsdi Pairin 3s bomids
Rt 0 rea
Ew pauos O e

Tapred ® recsers
Dwegeka [« =

Qo0®

——
=0 o=
= CePedE
Veenaad g1 barir o 4 ;
s 20§ )
E] e ARG
||M“I‘—lw |

* Atendiendo a la navegacion por el sistema y a la informacion anterior, indique su
nivel de satisfaccion con esta interfaz.

bluy sabsfecha

Satistecng

Newtro

insyinfechs

hiuy mzagafechs

Observaciones
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37. VALIDACION INTERFAZ "SERVICIOS ONLINE"

El comunicador ABC dispondra de acceso 3 intemet. que e podra configurar mediante esta mterfaz (pagina
predeterminada de micio, favoritos ). Esta pantalia tambeén permitra configurar un ik de las principales redes
sociales.

| Bervicios anling
| Mavegador

i == —
Fowion
) )|

Conligroaitn d= emall y reces saciaies

cuerts
Conrasena

| frersean oo

* Atendiendo ala ion por el si y a la infor io ior, indigue su
nivel de satisfaccion con esta interfaz.

My sabsfecho

sauTeCnC

NOWrT

nssiechs

Muy insatisfecho

Observaciones

=
=
38. VALIDACION INTERFAZ "OTROS™
El resto de y funci del ABC como musica, videos..., se podran actvaridesactivar en esta
interfaz
Otres servicios
we D
vom =
GEAIT W AR m
* Atendiendo ala ion por el si y a la infor ion anterior, indigue su
nivel de satisfaccion con esta interfaz.
T Muy satsfecno
Satistecte
Inzsttechs
My inzarafecho
Observaciones
el
£l
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Appendix B.
Concept Test booklet

0oe ¢ COMO NOS PODREMOS COMUNICAR?
Sistema de seleccion

comunicador anteriormente
Comunicador con bajo nivel de estrés donde la seleccion es directay salida de texto.

COMENTARIOS
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Appendix C.

Diagram of the Configuration
Interface
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Appendix D.

Informed consent

INSTITUTO DE
BIOMECANICA

DE VALENCIA

Yo. ID_Diia con
D.N.L: habiendo recibido informacion del proyecto ABC, desarrollado per el Instituto
de Biomecanica de Valencia, en el que voy a prestar mi colaboracion, realizando actividades relativas a
“ensayos de usabilidad de un sistema de control con EMG.”; v habiendo sido suficientemente informado/a
de las tareas a realizar. condiciones de las mismas, objetivos del proyecto y uso que se levaadarala
informacion obtenida en el transcurso de la colaboracion por....................a quien he podido hacer
preguntas sobre el mismo.

Comprendo que mi participacion es voluntaria, v que puedo retirarme del estudio en cualquier momento. Por
lo que doy libremente mi conformidad para

si No
o o Participar en el presente estudio.
O O  Registrar imdgenes de mi participacion en el estudio.
O O  Incluir las imagenes obtenidas en publicaciones y materiales promocionales de dmbito
cientifico.
O O  Incluir los datos personales en un fichero automatizado propiedad del Instituto de
Biomecanica de Valencia cuya finalidad es la localizacion de personas que colaboren
en la realizacion de estudios desarrollados por el IBV. Loz datos serdn tratados
conforme establece la Ley Organica 15/1999, de 13 de diciembre, de Proteccion de
Datos de Caracter Personal.
Fdo: . Fdoo
El participante, tutor o representante legal La persona que ha informado
Valencia, a ,de de 2014

Podra consultar, modificar o cancelar sus datos poniéndose en contacto con el Servicio de Valoracion de 1a
Informacién de los Usuarios a través de los modos de contacto indicados en el pie de pagina.
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Appendix E.

Experimental design: distribu-
tion of the diferent sizes and dis-
tances of the buttons between
control systems.

1 UiTl 14 7 filter medium halfway

1 uiT2 8 4 filter big halfway
1 uiT3 20 18 filter small far

1 uiT4 14 12 filter medium far

1 uiTs 8 6 filter big far

1 ulTe 20 4 model small close
1 uiT7 14 3 model medium close

1 uiTs 8 2 model big close

1 uiT9 20 10 model small halfway

1 U1T10 14 7 model medium halfway
2 u2T1 8 2 model big close

2 uz2T2 14 7 model medium halfway
2 U213 8 4 model big halfway

2 u2T4 20 18 model small far

2 u2T5 14 12 model medium far

2 u2T6 20 4 filter small close

2 u2T7 8 2 filter big close

2 u2T8 20 10 filter small halfway
2 u2T9 8 4 filter big halfway
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2 u2T10 14 12 filter medium far

3 U3T1l 8 2 filter big close

3 u3T2 20 10 filter small halfway
3 U3T3 14 7 filter medium halfway
3 u3T4 14 7 filter medium halfway
3 U3T5 20 18 filter small far

3 U3T6 20 4 model small close
3 u3T7 8 2 model big close

3 u3T8 20 10 model small halfway
3 u3T9 14 12 model medium far

3 U3T10 8 6 model big far

4 u4Tl 14 7 model medium halfway
4 u4T2 8 4 model big halfway
4 U4T3 20 18 model small far

4 U4T4 14 12 model medium far

4 u4T5 8 6 model big far

4 U4T6 20 4 filter small close
4 u4T7 14 3 filter medium close

4 u4T8 14 3 filter medium close
4 u4T9 20 10 filter small halfway
4 U4T10 8 6 filter big far

5 UsT1 20 4 filter small close

5 usT2 14 3 filter medium close
5 U5T3 8 2 filter big close

5 uUsT4 8 4 filter big halfway
5 U5T5 8 6 filter big far

5 U5T6 14 3 model medium close
5 UsT7 20 10 model small halfway
5 U5T8 14 7 model medium halfway
5 u5T9 20 18 model small far
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Appendix E. Experimental design

5 U5T10 8 6 model big far

6 U6T1 20 4 model small close

6 u6T2 14 3 model medium close
6 U6T3 8 2 model big close

6 ueT4 8 4 model big halfway
6 U6T5 14 12 model medium far

6 U6T6 14 3 filter medium close
6 ueT7 20 10 filter small halfway
6 ueT8 8 4 filter big halfway
6 u6T9 20 18 filter small far

6 U6T10 14 12 filter medium far
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