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Executive Summary

This Deliverable,e nt i t | e dUIMD/USIDEML 2ask middelling definitiond (according
to the Al1.6.2) defines the extension of the UsiXML language to support static model
(Ontology or less structured information) and XML based model definition.

The objective is to develop a UIML/USIXML interaction modeling framework that will be
used for the representation of the physical, cognitive and psychological and behavioral
attributes of the human according to a disability.

Within A WP 1 - the integrated model and intelligent avatarq a methodology for
generating the elicitations of the final virtual user models will be created. This involves
both the specification of the methodology for ontology representation and the analysis
of the needs of the schema that will be used as input of the simulation platform,

The Physical, Cognitive and Psychological and Behavioural User Models, previously
developed within WP1.3, W1.4 and W1.5 respectively are represented using OWL
ontologies. However, the simulation platform uses a different approach, a XML
representation, based on USI-XML standard. This implies that the ontologies defined
by WP1.3-WP1.5 need to be transformed into UsiXML schemas. The methodology
here presented will allow the automatic parsing of these two representations of
knowledge. In this document we present all the process, from the analysis of the
problem up to the schema implemented.

In Chapter 1, an introduction is described by analysing the motivations and the
proposed solution for developing the abstract user model. The inputs received by the
ontologies in order to be implemented also are analyzed in this section.

Chapter 2 does a general review of the current situation of the solutions proposed and
the reasons that explain the choice of UsiXML for implementing the abstract user
model.

Chapter 3 Mnalysing the results of the Abstract User Models.g explains the protocol
followed in order to implement the abstract user model by describing each step: from
the researching of the inputs up to the concrete data extracted to be use in the UsiXML
schema.

Chapter 4 describes in detail the structure of the UsiXML schema for the abstract user
model representation. First of all, we introduce UsiXML standard and its features, then
the definition of the user model is analysed. The second part of the chapter is the
description of the process of the translation from the ontology definition up to the
UsiXML schema of the abstract user model.

Chapter 5 fOntology to UsiXML Mapping tool (MOUSIO , presents
generates from the ontologies the UsiXML instance as input for the simulation
environment.
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Finally the conclusions of this task are presented in Chapter 6 by enumerating the main
objectives and the next steps that will follow in order to achieve the optimal version of
the abstract user model.

December 2010 2 ITACA
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1 Introduction

VERITAS is aiming to develop and validate tools for built-in accessibility support at all
stages of product development, introducing simulation-based and virtual reality
testing at all stages of the design process. By doing so, we will ensure that future
products and servicesc an be funi viactuding pdopleowithudsabitities and
elders.

On one hand, for creating VR tools with high acceptability amongst users, physical,
cognitive and behavioural & psychological models are being developed within the
project.

At a first step, Abstract User Models of the three facets (physical, cognitive and
behavioural) are being developed (WP1.3, WP1.4, WP1.5). These models are static
representations of the human facets of VERITAS users. A common language is
necessary for describingt he Abstr act codcemsrandMieid relatisnghips
amongst them. Within VERITAS, ontologies have been selected as the common
language for describing the static dimensions of the Abstract User models.

In order to define the ontologies, the designer must be familiar with the target domain
and should fully understand what aspects of the domain need to be modelled.

Ontologies [[23]] offer a composite suite of benefits that are not available in
taxonomies, relational database schema, or other standard ways to structure
information. Among these benefits [[23]] are:

1 Coherent navigation by enabling the movement from concept to concept in the
ontology structure.

1 Flexible entry points because any specific perspective in the ontology can be
traced and related to all of its associated concepts; there is no set structure or
manner for interacting with the ontology.

1 Connections that highlight related information and aid and prompt discovery
without requiring prior knowledge of the domain or its terminology.

1 Ability to represent any form of information, including unstructured (say,
documents or text), semi-structured (say, XML or Web pages)
and structured (say, conventional databases) data.

In a second iteration, a parameterized user model based on the Abstract User Model
previously defined needs to be developed. Within VERITAS, this is known as the
Generic User Model, which will be input of the simulation platform.

On the other hand, a simulation platform is being developed within VERITAS. This
simulation platform will have three elicitations of the models as input:

1 Tasks models, describing tasksthatt he user 6s. can perform

December 2010 3 ITACA
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1 VirtualUs e medels, whi ch represent t he usenans

the tasks they cannot perform due to their physical, cognitive and behavioural
limitations. The Virtual User Models are instances of the Generic Virtual User
Models.

1 Simulation models that are a sequence of predefined tasks extracted from the
task models (which at the same time are a sequence of primitive tasks).

Since the simulation will run elicitations of the three models, a common description
language that allows both a dynamic and structured definition of the models as well as
the instantiation of the models is therefore needed. In addition, an optimal
representation language for the physical, cognitive and behavioural human facets and
the tasks they perform should be:

1 Extensible.

9 Universal.

9 Easy to transfer.
9 Easy to parse.

UsiXML is the approach selected in VERITAS that satisfies the previous premises.
UsiXML provides interoperability and reusability of human data, which in turn allows
extending its applicability within various research contexts.

UsiXML is based on the Extensible Markup Language (XML), a language that
facilitates universal data access. XML is a plain-text, Unicode-based meta-language: a
language for defining markup languages. It is not tied to any programming language,
operating system, or software vendor. XML provides access to a plethora of
technologies for manipulating, structuring, transforming and querying data. The
definition of XML sparked significant interest in standardized storage and transfer of
structured information.

Within our scope, UsiXML (which stands for USer Interface eXtensible Markup
Language) is a XML-compliant markup language that describes the Ul for multiple
contexts of use such as Character User Interfaces (CUIs), Graphical User Interfaces
(GUIs), Auditory User Interfaces, and Multimodal User Interfaces.

As we have seen, different languages are used in the two stages: ontologies for
representing the description of the Abstract User Model and UsiXML for describing the
Generic Virtual User models used during the simulation. It is clear that we need to
translate the models described in ontologies into UsiXML models.

Therefore, the goal of this work is to implement the optimal methodology for
transforming the ontologies into UsiXML representations.

This deliverable will serve as a guide to understand to whole process, from the analysis
of the input coming from WP1.3, WP1.4 and WP1 until the final schema UsiXML.

December 2010 4 ITACA
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The result of this activity is the VERITAS parameterized virtual user models template
with a fixed structure that should be followed by the Generic Virtual User Models.
These models, will be then used by the user model generator (A1.6.4) to generate
instances of Virtual User Models for each application scenario. See Figure 1:

Physical
Abstract Model
Ontology
Cognitive UsDXML _} e User %
abstract Model Editor Model
ontology Generator
Generic
: Virtual
Virtual
Behavioral User Models User Model

Abstrac Model

Ontology

Figure 1 Prototype

In order to obtain the desired results, the process needs to fulfil the following steps:

1 Analysis of the results of WP1.3-WP1.5, that provide detailed information of
disabilities, and the impairments/limitations that they may cause to the human
body. WP1.7 output has also been taking into account. Since the Generic
Virtual User Model must represent disabilities (AUM) and affected tasks.

1 Analysing of the advantages and limitations of UsiXML.

1 Extension of the standard UsiXML taking into account the analysis of the AUM.
The resulting scheme will cover all the needs of the AUM with the aim of
representing the facets previously extracted.

1 Implementation of the template that represents the Generic Virtual User Model.
With this template we will be able to validate the AUM ontologies.

1 Creation of an automatic tool that imports the ontologies and generates the
Generic Virtual User Model that will serve as input of the User Model Generator
(Al1.6.4). See Figure 2 for an overall representation of VERITAS Modeling
Process (SP1).
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VERITAS v \ VERITAS
Primitive Tasks . A Task Models

SOLRUAIS
uofjed)dde Sy1IA

A VERITAS VERITAS VERITAS
B Abstract User B Generic Virtual VRIS > Virtual User
4 Models : User Models Models

Disabilities
SoA, Standards. Guidelines

ICF Functional Abilities

Figure 2 Sources of information

In the following chapters, these steps will be fully covered.
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2 Description of UsiXML

UsiXML standard will be used for describing the Generic Virtual User Models structure,
which represent on one hand the disability and in the other the affected tasks by the
disability. We will analyze this standard in order to see the potential and the limitations
for describing VERITAS models.

2.1Introduction to UsiXML

Developing User Interfaces (Ul) for interactive applications can be a very tricky a and
complicated procedure because of the complexity and the diversity of existing
development environments and the high amount of programming skills required by the
developer to reach a usable Ul, i.e. markup languages (e.g., HTML), programming
languages (e.g., C++ or Java), development skills for communication, skills for usability
engineering. In the case of VERITAS, where the same Ul should be developed for
multiple contexts of use such as multiple categories of users (e.g., having different
preferences, speaking different native languages, potentially suffering from disabilities),
different computing platforms (e.g., a mobile phone, a Pocket PC, a laptop), and
various working environments (e.g., stationary, mobile) the problem is even harder.

UsiXML comes to fill the gap that has been created by the fact that the available tools
for creating Uls are mainly target at the developers. To this end, UsiXML is a tool that
can be equally used from experienced developers, as well as, from other experts as
analysts, human factors experts, designers, or novice programmers, etc., also. Non-
developers can shape the Ul of any new interactive application by specifying and
describing it in UsiXML, without requiring any programming skills usually demanded in
markup languages (e.g., HTML) and programming languages (e.g., Java or C++).

UsiXML, which stands for USer Interface eXtensible Markup Language, is an
extendable XML-compliant markup language that describes the Ul (User Interface) for
multiple contexts of use such as Graphical User Interfaces (GUIs), Character User
Interfaces (CUIs), Multimodal User Interfaces (MUI) and Auditory User Interfaces.
Thus, interactive applications with different types of computing platforms, interaction
techniques and modalities of use, can be described in a way that sustain the design
independently from peculiar characteristics of physical computing platform [1]. The
latest version of UsiXML is v1.8 that has been released in 14 February 2007.

Among the benefits of using UsiXML is, that it supports platform independence,
modality independence and device independence. Thus a Ul can be described using
UsiXML in a way that remains autonomous with respect to the devices used in the
interactions (mouse, screen, keyboard, voice recognition system, etc.), to the various
computing platforms (mobile phone, Pocket PC, Tablet PC, laptop, desktop, etc.) and
of any interaction modality (graphical interaction, vocal interaction, 3D interaction, or
haptcs). In UsiXML project, they have enriched this, by promoting the s ev e n
dimensions of the UsiXML, which contains the followingpy 7 di mensi ons:

1. Multi-device

2. Multi-user

December 2010 7 ITACA
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3. Multi-linguality

4. Multi-organisation
5. Multi-context

6. Multi-modality

7. Multi-platform

The seven ¢ 7offdriapaversul rew approach to cope with technological
advances and environmental variations such as: new input/output devices; Users
evolving over time and new user profiles appearing constantly; Applications submitted
to internationalisation with new languages, markets and cultures; applications that need
to be extended to multiple organisations; and new contexts and constraints imposed to
use various modalities depending on context and platform.

With UsiXML, an expert can create the main features of an application Ul, like widgets,
controls, modalities, interaction techniques, etc... It consists of a User Interface
Description Language (UIDL), which is a declarative language capturing the essence of
what a Ul is or should be, independently of physical characteristics. The observations
of UsiXML are independent of this language and could be equally applied to other
UIDLs such as UIML, [4]. UsiXML is uniformly used throughout the different steps of a
Model Driving Engineering (MDE) -compliant development life cycle to store the
models involved in the various processes.

The MDE-compliant approach for developing Uls is decomposing this procedure into

four major steps. [5]

S=Source context of use T=Target context of use

1 Reification

Abstraction
l':'} Reflexion
Figure 3 UsiXML Framework

UsiXML is structured according to four basic levels of abstractions defined by the
Cameleon reference framework. [7]

December 2010 8 ITACA
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Task & Concepts \

l

Abstract User Interface

}

Concrete User Interface

!

Final User Interface /

/ Context of use \

Figure 4: The Cameleon reference framework for multi-target Uls.
2.2 Context of use

The Context of use describes all the entities
carried out with the future Ul. It takes into account three relevant aspects, each aspect

having its own associated attributes contained in a separate model: user type (e.g.,

experience with device and/or system, task motivation), computing platform type (e.g.,

desktop, PocketPC, PDA, GSM), and physical environment type (e.g., lighting level,

stress level, noise level). These attributes initiate transformations that are applicable

depending on the current context of use. In order to map different elements belonging

to the levels described below, UsiXML provides the designer with a set of pre-defined

relationships called mappings. These mappings are used throughout the steps of the
transformational approach [[10], [10]]:

A Manipul ates: rdenmaie coacept. as k ont o a

A Updates: maps an interaction object and a d
attribute).

A Triggers: maps an interaction object and a
operation).

A Il's Executed | n: mapselanenttask onto an AUI or ClI
A I's Reified By: maps an abstract object into

transformation.

2.3 Task and Concepts

Task and concepts is the level that describes the various interactive tasks to be
carried out by the end user and the domain objects that are manipulated by these
tasks. These objects are considered as instances of classes representing the
concepts. This step is supported by IdealXML [9]. In the last version of UsiXML, the
task model has been expanded in FlowiXML [8], in order to include aspects that were
not usually present in existing task models, but that could serve for more general
purpose.

December 2010 9 ITACA
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2.4 Abstract User Interface

The Abstract User Interface level, describes the various interactive tasks to be carried
out by the end user and the domain objects that are manipulated by these tasks. These
objects are considered as instances of classes representing the concepts. This level
provides a Ul definition that is independent of any modality of interaction (e.g.,
graphical interaction, vocal interaction, etc.). An Abstract Ul is populated by Abstract
Containers (AC), Abstract Individual Components (AIC) and abstract relationships
between them. AIC represent basic system interactive functions, which are referred to
as facets (input, output, navigation, control). In this sense, AICs are an abstraction of
widgets found in graphical toolkits (like windows, buttons) and in vocal toolkits (like
vocal input and output widgets in the vocal interface). Two AUI relationships can be
defined between AICs:

1. Dialog transition: specifies a navigation transition within a abstract container or
across several abstract containers.

2. Spatio-temporal relationship: characterizes the physical constraints between AICs as
they are presented in time and space.

As an AUI does not refer to any particular modality, we do not know yet how this
abstract description will be concretized: graphical, vocal or multimodal. This is
achieved in the next level. At this level, the Ul mainly consists of input/output
definitions, along with actions that need to be performed on this information. This step
is also supported by IdealXML [9].

2.5 Concrete User Interface

The Concrete Ul (CUI) concretizes an AUI for a given context of use into Concrete
Interaction Objects (CIOs) so as to define layout and/or interface navigation of 2D
graphical widgets and/or vocal widgets. Any CUI is composed of CIOs, which realize
an abstraction of widgets sets found in popular graphical and vocal toolkits (e.g., Java
AWT/Swing, HTML 4.0, Flash DRK®6, Voice- XML, and VoxML). A CIO is defined as an
entity that users can perceive and/or manipulate (e.g., push button, text field, check
box, vocal output, vocal input, vocal menu). The CUI abstracts a Final Ul in a definition
that is independent of programming toolkit peculiarities. The Concrete User Interface
describes a potential user interface after a particular interaction modality has been
selected (e.g., graphical, vocal, multimodal). This step is supported by several tools
helping designers and developers to edit, build, or sketch a user interface. For
instance, SketchiXML, ComposiXML, GrafiXML, VisiXMLand PlastiXML for graphical
user interfaces.

2.6 Final User Interface

Final User Interface is the operational Ul, i.e. any Ul running on a particular computing
platform either by interpretation (e.g. through a Web browser) or by execution (e.g., after the
compilation of code in an interactive development environment) and it is reached when the
code of a user interface is produced from the previous levels.

December 2010 10 ITACA
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2.7 UsiXML Development Process

The MDE-compliant approach for Ul development based on UsiXML is described at the
following figure (Figure 5):

— Trmxm : __grlashiXM L, th?(M L
IdealXML afiXML, InterpiXML
A
. - Rendering

UsixML model: UsixML model:
Abstract user Graph Concrete user

sixmL
models: task,
domain

Graph
transformations

: i f i X Generative
interface I SO ENRITE interface programming

VisualiXML

£ Derivatipn rule%
GrafiXML, VisiXML

Final user
interface

KnowiXML .
SketchiXML, FormiXML RevergiXML
PlastiXML, ComposiXML
Computing-Independent Flatform-Independent B . Cod
Model (CIM) Model (PIM) P'a”[\jggelsfsgm ode

Figure 5 UsiXML Development Process (http://www.w3.0rg/2005/Incubator/model-based-
ui/wiki/UsiXML)

After analyzing the UsiXML standard, we conclude that it is a powerful language that
can be used for VERITAS purposes. However we have noticed that the standard does
not cover ontological description, structures and relationships amongst items, so it
needs to be adapted or extended in order to satisfy the input received (the ontologies).
The extension will have to reflect the complete structure of the ontologies.
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3 Analysing the results of the Abstract User
Models.

In order to achieve an optimal representation of the Abstract User models with an
appropriate UsiXML template, the ontologies resulting from WP1.3-WP1.5 must be
firstly analyzed. (The complete description of the AUMs is included in D1.3.1, D1.4.1,
D1.5.1 and for practical reasonslthas o be
noticed, that at the point this work began and due to planning constraints, the AUMs
were not finalized, so we had to work with reduced versions of the AUMs. In addition,
at the beginning of the work, the AUMs were not yet described by an ontology OWL
scheme (this result was not expected until M12), but they were represented in tables,
so several iterations needed to be performed. In addition, we also have to take into
account that these AUMs will be further improved in the following years. This is why we
have focused on following a methodology that allows the extension and optimization of
the Usi XML strucsareoempetec e t he AUMO

The goal of this analysis was generating the UsiXML schema that serves as basis for
the Generic Virtual User Modell.

Figure 6 defines the process.

Physical user

models

Cognitive user ‘ Ontology ‘ UsiXML schema
models

Behavioral user
models

Figure 6 Process of modeling.

The details of the design and implementation processes are described in the following
sections.

3.1 Extraction of relevant data from the AUMs (Analysis of the
inputs).

For analyzing the AUMs received by WP1.3 to WP1.5 work packages, we have
followed the same steps for the three models.

1 Analyzing the tables or the ontologies that describe all the dimensions of the
physical AUM.
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1 From these tables, we have extracted the data that is seemly relevant for
simul ation purposes, or what itdos the same,

1 We have focused first on the quantitative information, since it can be
immediately represented by the simulation engine.

9 At this stage, the information that is basically descriptive has been left out, but
in a second iteration we should reconsider whether to include this information or
not. Another possibility would be transforming the data that is potentially
guantitative (but that at this point of research the quantitative metrics are not yet
available) into quantitative parameters. This is the case for instance of many
data included in the cognitive and behavioural AUM: Many cognitive and
behavioural parameters are qualitative, since current state of art does not offer
guantitative metrics. Further analysis in this point with the WP1.3-WP1.5
experts should be done.

For practical purposes we wonodt include the whe
and follows the same steps here described.

3.1.1 Analysis of the Physical AUM

The following table (Table 1) is an example of the Physical AUM table:

Disability Disability Short description = Quantitative Functional Age-
category disability metrics limitations related

(ICF Classification) (Y/N)

Motor Spinal cord | Spinal cord injuries | 1. Gait S120 Spinal cord and NO
impairments | injuries cause myelopathy | parameters related structures,
or damage to nerve | Error! Reference
(Thoracic roots or myelinated | source not S1200 Structure of
injuries) fiber tracts that | found.: spinal cord,
carry signals to and
from the | 1.1 weight shift: S12000 Cervical spinal
brain.Error! inability to cord,
Reference source | effectively transfer
not found. weight between | 512001 Thoracic
legs spinal cord,

The nerves that

control 4 1.2 Step width: $12002 Lumbosacral
ability to have a | decreased step spinal cord
reflex erection are | width '

located in the

Sacral nerves (S2. | 1.3 tep height spinal cord, other

S4) of the spinal | yecreased step epecified.

cord and could be | pejght p ;

affected after a

spinal cord injury. s12009 Structure of
1.4 Foot contact: spinal cord

) ) impaired foot i

American  Spinal | contact Error! unspecified,

Injury  Association | Reference source .

Impairment Scale not found. pp.11 s$1208 Spinal cord and
PR related

s$12008 Structure of

Figure 2.
0 A=complete.
Nosensoryor | 15 step length:

motor function | gecreased step
is preserved in
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Functional
limitations

Disability
category

Disability

Short description  Quantitative

disability metrics

Age-
related

(ICF Classification) (Y/N)

the sagral
segments

length

1.6 Step rhythm:

Table 1 Table of disabilities.

As we can see in the table, it describes the disability as follows:

1
1

Disability Category, which can be motor, cognitive and behavioral.

Name of the disability

Short description, which is descriptive information about the disability.

Qualitative disability metrics, with a taxonomy of relevant parameters that
intervene in this disability, the values or ranges when available, and the units.
The parameters can be compiled into subcategories, depending on the type of
variables: ie, gait_cycle, is a temporal_gait_variable.

ICF classification, with the code and the description of the functional limitation.

Explicit relationship of the disability with the elderly: Boolean that shows this

information.

This information will be incorporated in the final schema.

3.1.2 Analysis of the Cognitive AUM

The following table (Table 2) is an example of the Cognitive AUM table:

Disability | Disability

Short description

Quantitative

Functional limitations

Age-

category disability metrics (ICF) related
(Yes/No)
Cognitive | Alzheimer | Alzheimer's disease | Reaction Time b110-b139 Global YES
is the most common | - cued choice mental functions
form of dementia. It reaction time (b110-b139)
causes 50% to 60% (CCRT) and - b114 Orientation
of all dementias. uncued choice functions
Symptoms of this reaction time - b1140 Orientation to
disease include (CRT): for CCRT time
irritability, confusion the Alzheimer - b1141 Orientation to
and aggression, patients were place
language slower by 243 - b1142 Orientation to
breakdown, mood msec; for CRT by person
swings and long 140 msec - b1148 Orientation
term memory loss. functions, other
The individual Reaction time specified
experience inability | (driving) - b1149 Orientation
to recognize objects | Driving involves functions, unspecified
and forgets to deal cognitive and - bl117 Intellectual
December 2010 14 ITACA
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Disability | Disability = Short description Quantitative Functional limitations Age-
category disability metrics (ICF) related
(Yes/No)
with normal things in | psychomotor functions
life. Gradually, functions. Reaction | - b139 Global mental
bodily functions in time is impaired functions, other
man are lost, leading to specified and
ultimately leading to | decreased driving unspecified
death. ability ( |bl40-b189 Specific
al., 1998)[33]. mental functions
Main measures: (b140-
- Webster 69
Scale:
Assessment of
severity of
disease and
clinical impairme

Table 2 Cognitive AUM
As we can see in the table, it follows a similar structure to the physical model.
9 Disability Category.
1 Name of the disability, ie: Alzheimer
1 Short description, which is descriptive information about the specific disability.

1 Qualitative disability metrics, with the relevant parameters that describe this
disability, the values or ranges when available, and the units.

1 ICF classification, with the code and the description of the functional limitation.

1 Explicit relationship of the disability with the elderly: Boolean that shows this
information.

For understanding the models of the cognitive disabilities, we have needed to take one
step back and analyze the final cognitive model approach that has been selected in
WP1.4 to represent the human mind. There are several theories that describe the
cognitive processes (for more information see D1.4.1 and D.1.5.1) and there is not yet
a scientific consensus on how the brain processes the information. A cognitive-
behavioural approach has been selected within this project. This approach represents
the human mind as a set of cognitive processes: Basic Processes (Reaction Time,
Working Memory, Long Term Memory, Attention) and High Level Processes (Decision
Making, Orientation, etc), which can be defined by a set of parameters. The cognitive
disabilities will be here described as moderators of these cognitive processes, showing
how the disability affects each cognitive subsystem. For example, reaction time is a
cognitive process. Alzeihmer makes this process slower, by increasing the reaction
time (see values on table).

This information will be also incorporated in the final schema.
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3.1.3 Analysis of the Psychological and Behavioural AUM

Table 3 and Table 4 represent all the dimensions of the Psychological and Behavioral
AUMs. As we can see, the P&B AUM follows a different structure, since the
psychological facets are basically represented by the responses of the organism, and
should be model as moderators of the physiology, cognition and behavior. Behavior is
a difficult science to be measured and there are consequently no conclusive results in
many areas. The P&M AUM is divided into two tables: the first one describes the more
qualitative information, whereas the second table describes the founded metrics and
cognitive moderators, the existent models and the parameters extracted from them,
and the measurement techniques with relevant metrics.

P&B
STATE

Stress

(Different
Levels of
Arousal)

Existent Metrics from Psychological
EQEWSIS
(Qualitative or Quantitative)
Affected
attributes (AA)

Values, rules
(specify if
values change
for a specific
user), rules)

AA: Reaction Time

For young and non stressed:

mean auditory reaction times =
140-160 msec

visual reaction times = 180-200
msec
(Galton, 1899; Woodworth and

Schlosberg, 1954; Fieandt et al., 1956;
Welford, 1980; Brebner and Welford,
1980)

time to touch is intermediate, at 155
msec (Robinson, 1934).

Reaction time follows an inverted-u
model(Welford, 1980; Broadbent,
1971; Freeman, 1933):

Computational Models: Rules
and parameters

Rules

Metrics

(specify if
rules change
for a specific

user)
Bibliography.

(Found
params,
wanted
params, ACT-
R params)

1 STRESS MODEL by Janis

and Mann
(Irving, L. J., Mann, L. 1977).

Rule: Stress Vs
Performance/Decision
Effectiveness

iISTRESS:

(q1 unconflicted adherence,
select mt = mt-1

0Oq 2 unconflicted change to next
Sm (next state)

0Oq3 m =1, M whichever is Best
Reply (vigilance)

C)q4 near panic so, m = 1 of 1,
M (if highly experienced users:
Recognition Primed Decision
making. Also, defensive
avoidance occurs at this level for
non experts).

Questionnaires and
other methodology
to measure them
(Specify for
different domains
and users if
available)

f Stressors Scale
full information
section 4.1.6.1)

Social Readjustment
Rating Scale
(SRRS), Thomas
Holmes, Richard
Rahe (1967)

Life Experiences
Survey (LES),
(Sarason et al., 1978)
Hassles Scale
(Kanner et al., 1981)

1  Score of 136+:
Very High Level
of Stress,

1  Score of 116-
135: High
Stress,

1 Score 76-115:
Average stress,

i  Score 56-75:
Low stress,

Table 3 Psychological AUM
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Fatigue

Existent Metrics from
Psychological analysis

(Qualitative or Quantitative)

Affected
attributes
(AA)

Values, rules

(specify if
values change

for a specific
user), rules)

 AA=Sustained

attention

Deterioration of sustained
attention level

 AA=Declarative
memory

Reduce the activation of
declarative

Knowledge, leading to
longer retrieval times and

occasional retrieval failures

Computational Models: Rules and

parameters

Rules Metrics

(specify if rules
change for a

specific user)
Bibliography.

(Found params,
wanted params,
ACT-R params)

1 ACT-R OVERLAYS

SUSTAINED ATTENTION

Rule 1:

E=PGi C
2005 , 2009]

+ [Qlinzelman et al,

sleep deprivation may lead to poorer
performance on a task that requires
sustained attention and rapid
responses to frequent signals. (G is set
at 1.87 as baseline condition; G is set
to 1.77, 1.72, and 1.68 to represent the
effects of 1, 2, and 3 days of TSD
respectively). G can be also modeled
through a biomatematical model
(ASl eep
pag 896-897

Performance rate decreases

Deprivati of

Questionnaires and
other methodology to
measure them

different
users if

for
and

(Specify
domains
available)

Fatigue state can be
induced by sleep
deprivation (TSD). The
effect on reaction time and
errors freq. is measured
by Psychomotor Vigilance
Test (PVT)

Automotive:

eyelid movement
(percentage of eyelid
closure over the pupil,
PERCLOS, and average
eye closure speed, AECS
tracking of gaze , speech

Walter Reed Serial
Addition/Subtraction Task
(SAST). This task refers
omission errors and
slower down in fact
retrieval

Table 4 Behavioral AUM

As we can see in the tables, the P&B AUM describes the disability as follows:

1
1

P&B Category (stress, fatigue, motivation, emotions)

Short description, which is descriptive information about the P&M facet.

Type of the P&B Category

ICD classification

Instigators, stimuli, causes, which are relevant to show when this P&B states

will be triggered.

Explicit relationship of the disability with the elderly: Boolean that shows this

information.

ICF classification, with the code and the description of the functional limitation.

Physiological, Cognitive and Behavioral responses, with qualitative metrics and

rules.
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9 Existent metrics from psychological studies, with an study of how the P&B state
influences on cognitive systems

1 The computational models, with the relevant parameters and rules.
1 Metrics from different measurement techniques.
This information should be processed and incorporated in the final schema.

For understanding the models of the P&B facets, we have also needed to take into
account the final cognitive model approach that has been selected in WP1.4 to
represent the human mind. (see previous section). The P&B facets are considered as
moderators of the cognitive processes, showing how each state affects each cognitive
subsystem. For example, reaction time is a cognitive process. Stress models this
process as an inverted-u: increases (the performance is slower) for high levels or very
low levels of stress, and increases for positive stressors (eustress).

Most of the information in this model is still qualitative, since it has yet need to go
through the refining processes. However, we will create a UsiXML structure that allows
including the metrics in a second iteration.

3.2 Formalizing the results into a machine readable format.

As we have seen, the three AUMs follow a structure that can be formalized into
UsiXML. They share a hierarchy or a tree format with brances describing the different
facets of the disabilities/ P&B states. However, small differences can be perceived
between the three AUMs, mainly in the P&B AUM, which needs to define extra data in
order to offer a complete view of the dimensions of the state when affecting a human
being.

This stage of the process has been specially challenging, since sometimes it is difficult
to find concrete value or range of values for the parameters. This implies a big
constraint since the simulator needs concrete quantitative values or range of values.

A relevant issue is that the final models are meant for simulation. This means that final
model should incorporate parameters that have real relevance in a simulation.
However, at this stage all parameters have been considered.

Cognitive and P&B models show a high number of references and literature, with
metrics, models and parameters that are often described as qualitative data or even in
plain text. It is important to both (1) narrow the data and choose only those values that
are useful for the process simulation and (2) transform the descriptive or qualitative
data into quantitative parameters.

Based on the results obtained in the previous steps (described above), the formalizing
of the data in a machine format is described in detail in the following chapters.
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4 Schema for UsiXML Model representation.

Once analyzed the context in which we are developing the solution (disabilities,
psychological states, parameters, etc , and after taking the decision of using UsiXML to
describe the abstract user model, we now have to face the challenge of describing all
the facets of the AUMSs, extracted in the previous chapter with the UsiXML standard.

After analyzing the solution proposed by the UsiXML standard, we have noticed that
the standard needs to be adapted or extended in order to cover the input received (the
ontologies). This extension needs to reflect the complete structure of the ontologies.

In the following chapters we define in detail the UsiXML extension here developed:
4.1 Applying UsiXML

In our work we have focused on the User Model (UIModel in UsiXML standard). Before
describingthe compl et e scheme, there is a relevant po

Although the main analysis has focused on the WP1.3-WP1.5 output (the Abstract

User Models) which in fact d e &g one bheuldindt orgetithbee r 6 s di s
final purpose of the models, which is to create avatars of real users with disabilities,

functional limitations or under psychological states that can still perform different tasks.

In short, users with limited physical, cognitive and behavioural capabilities. The

model should therefore describe desabilities, capabilities and affected tasks by these

disabilities.

The UsiXML extension here proposed consists of two differentiated parts (see Figure 7
UIModel):

9 Disability model, describing the disabilities (just qualitative)

1 Capability model, representing the capabilities of the human body with the
affecting disability.

All these parameters are structured in a XML.

=) Disability Model

) Capability Model

—rmOoOO0O< —-C

Figure 7 UlModel
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The collected information will allow us to represent an avatar which will be able to
perform a task according to its level of capability as close as possible to reality.

In the following chapters we define in detail every category, and we present the
structure, the data extracted from the previous research and the type of the
parameters.

4.2 Mapping ontology into UsiXML schemas

In this section we describe the methodology that we have followed in order to convert
the existing ontologies into UsiXML schemas with the aim of achieving an optimal
representation of the abstract user model attributes.

The AUM ontologies cover different dimensions of the body (motor, cognitive and
behavioural), the ones that are affected by a disability. The AUM does not really
represent a body structure, just the parts affected by the specific
disability/psychological state. For instance, in the case of hemiplegia, the following
body parts are affected: gate, stride, in a certain degree. We have also the same parts
affected by other disabilities: Cerebral palsy, Parkinson, etc. All these disabilities affect
differently (different degree) on the body part. However, the attribute affected is the
same and has the same parameters.

We have to create a structure in XML that includes all the body parts (affected by the
disabilities and psychological states selected within VERITAS and that at the same
time, allows representing different degrees of impairment. This will allow the simulation
of all the capabilities of the different parts of the body.

However, this has been challenging since at this stage, the complete versions of the
ontologies were not ready, so we had to work with draft versions of the ontologies or
even the incomplete tables of D1.3.1-D1.5.1. Moreover, there are parametrical
inconstancies and lack of metrics. This version will just be a draft version of the
UsiXML models. In a second iteration, once the finalized ontologies are ready, a
refinement of the UsiXML will be performed. This second version of the UsiXML
models will show the final facets of the AUMSs.

At this moment, in the first version of the AUM, the mapping between the ontologies
and the UsiXML schema has been trivial and immediate, since the AUM structure is
simple and the relationships amongst different attributes have not yet been represented
in the models.(ex: there is not at this stage any real connection between disabilities and
affected tasks). Moreover, ontologies and UsiXML follow a similar format: both allow
representing elements, types of elements, hierarchy, relationships, cardinalities and
compositions; and this allows at this point to map the ontology into UsiXML in an trivial
way.

However, we have to consider that in a second iteration, the AUMs will be complex,
and the mapping will need a deeper analysis that would allow the translation, so the
UsiXML schema expresses what the ontology intends.
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For practical reasons, we just present here an example that illustrates a simple
translation and how this information is represented in the UsiXML format.

The model selected as example is the psychological states ontology.

In the following figures (Figure 8 i 11) we can see an example of a P&B ontology
(example for stress).

The different captions show the relevant dimensions stress: ICD, cause (stressors),
cognitive functions affected, ICF. We have also analysed the stress tables included in
D1.5.1, where parameters and metrics are described. (See

ICD

Cause ]

ate

- Psychological St } )

on

CognitiveFuncti ‘

ICF

Figure 8 Psychological States ontology
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Figure 9 Cognitive functions affected by P&B

"0 IcF l-f—[ b ] [ b1 ] li'-'--[ b110-b139 ] [ b110 ] = [ b1100

Figure 10 ICF of stress

CognitiveStress
or

or

I MentaIStress;or l P ‘ EmotionalStress

Stressor

-1 P— | ‘ PhysicalStresso | _[1 PhysiologicalSt ‘

g ressor

[ OtherCause l

EnvironmetalStr
essor

Figure 11: Stressors ontology

In this case, as we have commented, the translation is almost immediate; we can
express the same hierarchy (concepts and relationships) in XML. The only difference is
the parameter affected_by, which allow us to make the link between the psychological
state and the cognitive functions. In the structures below we can observe the
similarities of the schemas (ontology versus UsiXML).
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PU
(L—m(emoﬁonaIStates)G)

(aigue )
PBModel Q—.@
1..00
{ stress |®

motivation |®

Figure 12: P&B UsiXML

©) attributes

type
Type xs:string y

name

®

Type xs:string y

levelofStress
Type xs:string J

Description J
1. Type xs:string
> (Sress)o

(—(affecteo'l’ asks ) ®
12 ("\CFClasification )

| stressors
O Type xs:string]®

L2 (oo )@

ageRelated ®
Type xs:boolean

Figure 13: stress UsiXML: stress is a P&B model that has attributes extracted from the
tables: type, description, level, etc,( see table 4 and related elements, extracted from the
ontologies: ICF classification ( Figure 10 ICF of stress), stressors (Figure 11: Stressors
ontology), responses and age related ( see table 4) and related elements, extracted from
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the ontologies: ICF classification ( Figure 10 ICF of stress), stressors (Figure 11:
Stressors ontology), responses and age related ( see table 4)

1 e [ affectedBy o
Type xs:string
® attributes

workingMem

— mmam)o—@)o
 Gam)o—@o
- (am)e

® attributes

Aftention |© selective

decisionMaking

orientation

highLevelFunctions

Figure 14: cognition UsiXML model: In this schema, all the cognitive functions affected
by the cognitive and P&B states are represented. If we for instance check the AUM for
stress, we see it affects on: memory, reaction time, attention, etc (table 4) and D1.5.1 for
further information). The attribute affected_by will allow the instantiation (creation of a
Generic Virtual User Model) of a specific cognitive disability of P&B state. In the
respective attributes, this influence will be reflected when the instance is created. For
example in the case of stress, for Chronic Stress type, the reaction time will be increase
and the performance slowed down when the affected_by parameter = Chronic stress.)

4.3 Draft User Model Schema

In this section, we present the final schema for defining the Generic Virtual User model,
consisting in the capability model and the disability model. This approach describes
firstly the different features of humans: motor, vision, hearing, speech, cognition and
behavior. In order to create this schema we have followed the methodolofy described in
the previous section.

On the other hand, it also defines the disabilities and the relations between them and
the psychological and behavioural states the user can suffer.

Figure 15 shows the graph of the final schema:
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(uiMocel Jo—(&¥) o)

(teat)o

® attributes

disabilityDetails
Type xs:string

affectedTasks |®

&

r—(General_Preferences)O

Motor |®

1

vision |®

(CapavinytiocerJo—(@)o

®

®

®

\(wm)o

Figure 15 Final Schema.

4.3.1 Disability Model

The disability model describes the disability details. This part is clearly relevant since it
allows us to link the disability with the body features. This attribute has four attributes:

1 Type:, the type of disability: motor, vision, hearing, speech, cognition and

behavior

1 Name: the name of the disability, just for information.

1 The disability description: with a bried description of the disability main features.

1 Affected tasks: this attribute is very important since allows establishing links
between the disability and the tasks. This links give us valuable information
about the disabilities from the point of view of the tasks.

In the following image (Figure 16) we can see the schema of the disability model:
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® attributes

type |
Type xs:string |

name

Type xs:string

(sssbitiose) O—(gF) O (gsabi )

disabiltyDetails
Type xs:string

affectedTasks

O—(&) o—(atecetast )

Figure 16 Disability Model

4.3.1.1 Affected Tasks.

The affected tasks are in fact one of the main parts of the schema since they link the
two main branches of the UsiXML (task model and user model).

The affected tasks attribute consists of a sequence of affected task. Each of the
affected tasks has two parameters (see Figure 18):

9 idTask: This parameters is a foreign key that address to a specific task, located
in the task model.

1 Name: A string value, just for explicit descriptive information.

(©] attributes

idTask

. ©
affectedTasks G)- affectedTask |O—— Type xs:string |

name

Type xs:string

Figure 17 Affected Tasks
4.3.2 Capability Model

The capability model defines in an indirect way the impairments the user may have.
This attribute is called Capability Model because the schema shows in fact not the

impairment but the capacity the user has at all levels, either motor type, cognitive or
behavioral. The sub-attributes are:

{ Motor
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1 Vision

I Hearing

1 Speech

1 Cognitionl

In the following subsections all these sub-attributes are being described:
4.3.2.1 Motor

This category structures the human body in six main parts: upper-limb, lower limb,
neck, pelvis, gate and truck. These limbs are essential for representing the possible
movements of a human body. With these body-limbs, basically all relevant movements
of the human body can be simulated (see Table 5).

Some of these parts can be further detailed into subcategories. For instance, in the
case of the upper limb, it consists of hand, wrist, forearm, elbow and shoulder, and at
the same time, hand consists of a set of fingers. The possibilities of movement of these
human body parts can be represented in terms of capabilities parameters (ie; following
the same example, a hand will possess the following capabilities: supination, peak
aperture, pronation, azimuth, strength, stiffness, elevation and roll.)

The motor category follows a three levels schema:

MOTOR: First Level Second MOTOR: Third Level
Upper Limb Hand Finger
Wrist
Forearm
Elbow
Shoulder
Lower Limb Hip
Thigh
Knee
Ankle
Foot
Neck
Pelvis
Gait
Trunk

Table 5 Motor category
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In the following caption of the UsiXML, we can see the diagram of the motor category.
The figure shows the basis of all physical information that the simulator environment
will manage.

Within each limb, all parts possibly affected by a disability are broken down. The
attribute A p r e stlanindioates whether the limb exists or not, has also being included
within the limb attributes since it allows representing a user with an amputated limb.
The following schema ( Figure 18) shows the complete view of the motor model.

P ® attributes

® attributes

1.5

D

—@)or (=)o

—@o
— G

® @ attributes
S o —e_)o
@y [,
@)oo
—Go
Do

S
e
—Ge
—@e

Figure 18: Motor schema
4.3.2.2 Vision

After analyzing the ontology that deals with vision impairments, we have decided to
include the definition of the visual system as core of the schema. The visual system
can be also expressed in terms of capabilities, including the following features:
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9 Visual acuity
1 Glare
 Constrast

We have decided to include these elements since they are susceptible to suffer an
alteration due to a disability.

The vision capability is also represented in the final schema. Thi s category does
have a hierarchy as complex as the motor one. In the vision model we have also

included the attribute A p r e swhich @lldws us to describe for instance a user who has

complete blindness.

The following schema (Figure 19) shows the attributes described above.

© attributes

('—' present

Type xs:boolean )

© attributes

measureUnits |

Type xs:siring ’J

Type xs:strin 9)

maxValue

Type xs:strin 9)

N E}—-G} attributes

0—10 @ strbutes

1.0 | affectedBy
@
Type xs:string

Figure 19: Vision model

4.3.2.3 Hearing

The auditory system is also included in final Capability model.. Following the same
approach as in the previous sections, hearing has been represented by its capabilities.
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The attributes included into the vision model can be affected by a disability. For
example, a Glaucoma (disability) affects on the contrast, the glare, etc. (capability
attributes).

In Figure 20, we can see the vision structure, where the hearing capabilities are
shown. The attr i Ing which degcribessaeomplete deafness and the attribute
Aiaf f ec that didhfiés the disabilities that affect on the hearing system have also
been included.

© @ aftributes

7~ present
Type xs:boolean y

o] attributes

measurelnids
Type xs:siring y

"E)' (—(resunanuFrequenny)E)— minValue

Type xs slmg__},

max\alue
Type xs:sfiring y

o
(&) O (st )©
—(suundFrequen-:.nes )@

[c—umumeweﬂespnnse )@'

—(Auulnryﬂeweﬂespnnse )@

1.2 | affectedBy
®
Type xs:siring

Figure 20 Hearing schema

4.3.2.4 Speech

The analysis of the AUMs regarding speech and language (see deliverable D1.3.1 and
D1.4.1) indicates that phonation and prosody are the main parameters for representing
the capability of the locution system. However, at the point this deliverable was
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created, we were analyzing additional speech features affected by the P&B states, so
surely this schema will be refined in the second iteration.

Figure 21 shows the speech schema:

—((pnonaton )®
-GEo—@ol (=)o

(1. [ affectedBy

\Type xs:string

®

Figure 21 Speech schema
4.3.2.5 Cognition

The cognitive model represents a set of cognitive processes described in D1.4.1. This
model describes the human mind processes which can be categorized into basic
functions such as reaction time, working memory, procedural memory and attention
(and subcategories of each one) and high level cognitive processes, such as decision
making and orientation. The approach followed by the Cognitive AUM is to model a
cognitive disability by the effects that the specific disability has on each cognitive
process (how the disability affects on each function separately, for instance, a person
with Alzheimer, will have the memory affected in a certain degree). Consequently, we
have followed here the same approach.

In the following capture (figure 22), we can see the Cognitive model developed. The
schema represents the cognitive processes before mentioned. The parameter
Affected_by will be use to indicate which disability affects on each cognitive attribute.
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Type xs:string
{(memony Je

(sesmcionsJo—(@)or

S CETE

“~———{ highLevelFunctions |

® attributes

workingMemory |®
semanticMemory
episodicMemory |®

proceduralMemory

()

®

attributes

®

®

Figure 22 Cognition schema

4.3.3 Psychological and Behavioural Model (P&B Model)

The approach followed by the P&B AUM was to model a P&B state by the effects that
the specific state has on the human processes (specially cognition), for instance, nhow
the psychological state affects on each function separately, for instance, a person with
stress, will have the memory affected in a certain degree). Consequently, we have
followed here the same approach.

The P&B UsiXML model describes the dimensions of the 4 psychological and
behavioural facets selected in VERITAS: emotional states, fatigue, stress and
motivation. This model allows us to link the P&B state with the affected attributes. (See

Figure 23)
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Figure 23 P&B Model Schema.

4.3.3.1 Emotional States

This model allows us to represent the facets of the emotions and how they affect on a

user.
It has six main attributes:

1 Type: the type of emotion: positive

and negative emotions

1 Name: the name of the emotion: joy, sadness, fear

9 Description: Brief description of the state.

1 Emotional Scale: value with the emotional level that helps to indicate the type

9 Arousal: value that shows the arousal level of the emotions

9 Valence: value that shows the valence of the emotions

From emotional states there are several elements hanged:

1 AffectedTasks: tasks affected by this emotional state.

9 ICFClassification: set of functional limitations that has this state.

1 Responses: Responses triggered by the emotional state. They can be
physiological, cognitive and behavioural/emotional.

1 Instigators: Stimuli that trigger the emotional states.

1 ageRelated: if this state is related with age or not.

The following capture (Figure 24) shows the schema with all the information within the

emotional states facets:
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® @ attributes

@ type ' |®
Type xs:string

name

Type xs:string

emotionalScale ®
Type xs:string

= Arousal
Type xs:integer J

valence
Type xs:integer

L2 rotonasies )0 | | Type_xsistmg

C-) @G { affectedTask [C)
Lt

o

instigators
Type xs:string

ageRelated ®
Type xs:boolean

Figure 24: Emotional states Schema
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4.3.3.2 Stress

This model allows us to represent the facets of the stress and how they affect on a
user.

It has 4 main attributes:
1 Type: the type of stress: Chronic, short term
T Name: the name of the stress: chronic stress, acute stress, eustress
9 Description: Brief description of the state.
1 Level of Stress: value with the arousal level of stress
From stress there are several elements hanged:
1 AffectedTasks: tasks affected by this emotional state.
1 ICFClassification: set of functional limitations that has this state.

1 Responses: Responses triggered by stress. They can be physiological,
cognitive and behavioural/emotional.

T Stressors: Stimuli that trigger the stress responses.
1 ageRelated: if this state is related with age or not.

The following capture (Figure 25) shows the schema with all the information of the
stress dimensions:
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© attributes

type
Type xs:string 4

name

®

Type xs:string y

levelofStress
Type xs:string

Description J
1.. Type xs:string

- Gm)o

—(aftectedTasks )©®

—1-= ("\cFClasification )

l stressors
O Type xs:string]G>

1.
> (fesponses)©

ageRelated ®
Type xs:boolean

Figure 25: Stress schema

4.3.3.3 Fatigue
This model allows us to represent the facets of fatigue and how they affect on a user.
It has 4 main attributes:
1 Type: the type of fatigue: mental, physical
1 Name: the name of the state.
9 Description: Brief description of the state.

1 Level of Fatigue: value with the level of fatigue
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From fatigue there are several elements hanged:
1 AffectedTasks: tasks affected by fatigue.
1 ICFClassification: set of functional limitations that has this state.

1 Responses: Responses triggered by fatigue. They can be physiological,
cognitive and behavioural/emotional.

I Causes: Causes that trigger the fatigue responses.
1 ageRelated: if this state is related with age or not.

The following capture (Figure 26) shows the schema with all the information of the
stress dimensions:

©) attributes

type
Type xs:string )

®

name

. |®
Type xs:string y

levelofFatigue ®
Type xs:string J

Description
Type )(S'stringJ(9
(e )o |
affectedTasks |®

ﬁ(nmsiﬁmﬁon N
\ ‘ OQ

,cause
®
\Type xs:string

-
ageRelated
— ®
(Type Xxs:boolean

Figure 26: Fatigue Schema
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4.3.3.4 Motivation

This model allows us to represent the facets of motivation and how they affect on a
user.

It has 6 main attributes:
1 Type: the type of motivation: intrinsical, extrinsical
1 Name: the name of the state.
9 Description: Brief description of the state.
1 Motivation Level: value with the level of fatigue
1 Expectancies: internal expectancies of the user
9 Valences: internal valences of the user.
From motivation there are several elements hanged:
1 AffectedTasks: tasks affected by motivation.
1 ICFClassification: set of functional limitations that has this state.

1 Responses: Responses triggered by motivation. They can be physiological,
cognitive and behavioural/emotional.

1 Causes: Causes that trigger the motivational responses.
1 ageRelated: if this state is related with age or not.

The following capture (Figure 27) shows the schema with all the information of the
motivation dimensions:
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® @ attributes

o type
Type xs:string |

2 name

®

Type xs:string B

7 motivationLevel ®
Type xs:string
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Figure 27: Motivation schema
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4.4 XML- associated notation

Each UsiXML has two different views. We have been showing the captions of the
design model, visual representations of the UsiXMLs. However, for each model we can
also see the text view (representation of the models in XML), which is the notation of
the graphical representation. The Design view, more intuitive, is essential for the
designer in order to maintain the consistency of the models. However, the generator of
virtual models will work with the code behind (text view).

We offer here an example that show both views:

In the following figure (Figure 28) the definition of the hand and the related metrics can
be seen.. These metrics describe the range of capabilities that the hand can perform.

(—G) attributes

—(ammn)o
1.2 —(peataperure )©
-2 G o

—(on)o
— (o
(a0
(GO

7= ® attributes

—(flexon )®
- G
O'—i movementControl )®

—( maximumVoluntaryExtension ) ®

—@o

Figure 28: Hand description

2 o

These capabilities establish the range of movement that the user model could perform.

The text view of the same branch shows the XML code of the hand facets. In the
following caption (Figure 29) the text view can be observed:

December 2010 40 ITACA




VERITAS D1.6.2 PU Grant Agreement # 247765

"hand">

"
<

<xs:element
<xs:complexType>
<X3:sequence>
<xs:element
<xs:complexType>
<xs:attribute
<xXxs:attribute
<xs:attribute
</xs8:complexType>
</xs:element>

Figure 29: Text view (XML) of the hand

5 Ontology to UsiXML Mapping tool (MOUSI)

The last step of the work has been the development of a tool for automatically mapping
the existent ontologies into UsiXML schemas. The so-called MOUSI tool (Mapping
Ontologies into UsiXML). This tool is based on the methodology for mapping ontologies
into the UsiXML schemas (*.XSDs) described in section 4.2 of this document.

For achieving the mapping process, the tool will perform the following steps:
1. Imports the ontology (the AUM)

2. Analysis of the structure of the imported ontology: attributes, parameters, types,
hierarchy, relations, etc

3. Generation of a parameterized tree representing the ontology views (a template
of the Abstract User Model).

Once the template is created, the models developer can customize the template by
introducing values, range of values, measurement units, etc. Once all the data is
incorporated in the template. The tool generates the Generic Virtual User Model that
will be the input of the User Model Generator.

The tool provides the features of adding, deleting and editing the parameters of the
elements of the ontology,

In the following sections, the different parts of the tool will be described.
5.1 MOUSI Tool view
The MOUSI tool consists of the following parts:

1 Inputs concerning general information, consisting of: version, author and
comment.
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T ACapabil i tap: cavteinsetheotree of the physical, cognitive and
behavioral user capabilities imported from the ontologies.

T ADi sabi | itabyprowted ted siructure of the physical and cognitive
disabilities that comes from the ontologies.

T APsychol ogical and Behaviour al Model o
ontologies about the psychological and behavioural models is structured here.

Figure 30 shows a first prototype of the MOUSI tool. This prototype is clearly a very
first draft version of the tool, since the ontologies are not fully developed. However, it
gives an approximate idea of how the final version will be.

[ , Capability
Motor

. Vision
Hearing
Speech

, Cognition
Behaviour

[ ) [

|4/ Adaption of UsiXML [E=EER =
File Help
Version: Author Name: Comment

Capability Mode! | pisability Model

Measures

Measure Units:

N

Maximum Value:

Tree imported
from the
ontologies

Generate Instance ] [ Cancel

Figure 30 Capability Model

5.2Introducing the data

Figure 31 showst h e

ACapabtah.i ty Model 0O

t

Ontology
parameter

In the left side of the window, the Abstract User Model tree view is shown. The model
developer can navigate through this structure and select the nodes (physical and
cognitive features). When a node is clicked on, the attributes (in this case the
capabilities) of this node expand and can be selected.

When a capability is selected, at the right side of the window, the group of parameters
(measurement units, range of values, etc) appears. The developer can then easily
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introduce the values into the text areas. This process is repeated until all the

capabilities are introduced.
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Comment

> —_— R’
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. Neck

|, Pelvis

| Gait

1 Trunk

&~ Jy Vision
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®

-

Elbow Extension

Measures
Measure Units: Degrees
Minimum Value: |20

Maximum Value: |60

Measures of
the capability

Capabilities of
the limb

| Generatelnstance | | Cancel

)

Figure 31 Capability Model

Following, once the capability model is completed, the developer will continue to fill the

information of the other two tabs.

The following caption (Figure 32) shows the Disability model tab. This tab consists of:

1 The tree of disabilities, showing the list of disabilities. When a disability is
selected, then, the disabilities features appear at the right side of the window.

1 The disability features window, showing the main features of each disability:

0 Type: (Physical, Cognitive)

o Name: The name of the disability.

o Disability details: a short description of the disability.

1 A tree of the affected tasks, showing the list of tasks affected by the disability

(bottom of the window).
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File Help

Version: | Author Name: Comment

, Disabilities Hemi%gial

@ Hemiplegia et .

© Multiple sdlerosis Quantitative disability metrics
Type: Motor

Name: 'Hemiplegia
Disability details:

Hemiplegia is total paralysis

of the arm, leg, and trunk on the
same side of the body, whereas
hemiparesis is weakness in one
side of the body.

, Affected Tasks
® Grasping

Figure 32 Disability Model

The developer should also introduce here the relevant information and metrics of the
disability.

The same process is repeated for the Psychological and Behavioural Tab (in
development process, it does not yet take part of the here-presented prototype).

The whole process (fulfilling the three tabs) is repeated until a complete physical and
cognitive disability or psychological state is introduced. Once the process is complete,
the developer selects Generate Instance and the Generic Virtual User Model for a
person with a disability or/with a psychological state is created.

As we have mentioned before, the Generic Virtual User Model will be the input of the
User Model Generator, who will create instances of this model and therefore, Virtual
User Models with specific capabilities and limitations.
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6 Conclusions and next steps.

The main objective of the present work is to implement the optimal methodology for
translating or mapping the Physical, Cognitive and Psychological & Behavioural
Abstract User Models ontologies into consistent UsiXML models.

With this aim, we have performed the following steps: (1) an analysis of the AUMs
tables and existent ontologies, (2) definition of the methodology for translating the
ontologies into UsiXML schemas, (3) implementation of the Generic Virtual Model
schema (extension of the UsiXML) following the methodology and (4) development of
a tool that allows the automatic generation of the Generic Virtual User Models.

The analysis of the AUMSs has let us to extract a high number of relevant features of the
different models. These features have been included in the Generic Virtual User Model,
resulting in a schema that represents with fidelity the different dimensions of the human
being especially regarding motor abilities, cognitive functions and behavioral and
psychological aspects. This parameterization of the main physical and cognitive
disabilities and psychological states is one of the most important achievements of the
work. This parameterization is reflected on the Generic Virtual User Model schema.

One of the main challenges of the analysis process was to select the most relevant and
unequivocal attributes and parameters, since the AUMs contain a huge amount of
information that cannot always be parameterized.

The UsiXML has been extended to cover the needs of the Physical, Cognitive and P&B
AUMSs, since the generic version does not support VERITAS ontologies.

However, the final version of the Generic Virtual User Model (by extending the UsiXML)
should be updated once the ontologies are completed, during the following year. This
will also have an impact on the mapping methodology, since it will have to be verified
(and updated if necessary) when the final AUMs are ready. In any case, what it is
relevant at this point, is that the methodology at this stage covers the current needs.

During the extension of the UsiXML we had to face different challenges: many
attributes were duplicated and the expected output schema was intended to be
instantiated for simulation purposes. Therefore, the resulting schema needed to be free
of redundancies and suitable for representing the Generic Virtual User Models
instances.

The tool developed, which integrates the benefits of the analysis, the extended UsiXML
and the mapping methodology, will help the model developers to easily create the
Physical, Cognitive and P&B Generic Virtual User Models.

VERITAS consortium decided to extend the activity to M24 to take care of the updates
that probably the schema, ontologies and parameters of the models will have. A
second version of this document will be released on month 24.
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