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l People with disabilities —
I Current situation

| %I d |||| o People With_ disabilities are not just a tiny minority of
| the population.
s © The lowest estimate, based on the currently defined
— disablement categories, estimates their total number
at around 74 Million persons, in the European Union.

- o With increasing life expectancy, visual and hearing
! | Impairments also increase, as well as neurological
| disorders such as Alzheimer's disease and dementia.

I\ o The composition of the population is changing. Many
people are surviving permanently disabling accidents
\ and illness and even more are living longer.

o It would seem logical that the spaces built to accommodate
this population must, by necessity, change also.




The Problem

Despite the rapid evolution of ICT over the last years
and the increasing acknowledgment of the importance
of accessibility, the developers of mainstream ICT and
I non-ICT based products still act and struggle under total
_—— - absence of structured guidance and support for
adjusting their products and services with their user’s
real-time accessibility needs.
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A critical mass market, including that of accessible ICT
and non-ICT based products and services targeting
older people and people with disabilities, remains highly
locked.




Proposed solution

o The proposed solution aims to empower the

accessibility of ICT and non-ICT technologies by
Introducing an innovative user modelling

methodology focusing on the elderly and

disabled.
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o This new user modelling methodology aims to
describe in detall

o all the possible disabllities

o the affected by the disabilities tasks
o the physical

o cognitive and

o behavioural/psychological characteristics of any
user



Proposed solution —

Main objectives

o An extension of UsiXML language will be developed

o Virtual User Models in a machine-readable format.

r— o o Research will be conducted in order to determine how the values of
various disability parameters vary over individuals and whether these
values follow any common probability distribution (e.g.: Gaussian, etc.).

— . o it will enable making realistic assumptions for different percentages
of the disabled population.
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o e.g. if we know the mean value and the standard deviation of
visual acuity for people with myopia and we also know that
visual acuity follows the Gaussian probability distribution, we
could find the value of visual acuity for the 80%, 90%, etc. of
people with myopia.

o Tools for the creation/editing of the Virtual User Models will be developed.

o A Simulation Platform based on the ACT-R cognitive model will be also
developed to simulate human behavior on specific tasks.

o Moreover, applications focusing on accessibility of the elderly and
disabled will be developed or existing tools will be extended according to

the proposed methodology, in order to put the proposed methodology into
practice.




How a user modelling methodology could

empower the accessibility of products and
services?

o If there was a methodology able to describe
sufficiently:

o User characteristics (including possible
disabilities)

o User tasks

o Products/services to be tested
o User-product interaction

$

o It could become the basis for the development of an

Innovative simulation framework that would perform

accessibility testing of virtual environments with
virtual users

o Additionally, it could be used in adaptive interfaces.



What is the great importance of such a

framework?

o Instead of testing real prototypes with real users
with disabllities

o it will enable the automatic accessibility

evaluation of any environment for any user by

testing its equivalent virtual environment for the
corresponding virtual user

$

o Reduced costs

o Reduced development time
o More accessible products




Open issues on User Modelling

——  —  oThereis not any unified User Modelling
methodology that can sufficiently describe

o the user (including elderly and
disabled)

o user tasks

o and provide these descriptions in a
machine-readable format




User Modelling — existing approaches

o Ontology-based models
o OntobUM

— o Anontology is used to store user characteristics (name, e-mail, level_of_activity,
type_of_activity, etc.)

o General User Model Ontology (GUMO)
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o An ontology is used to store user’s emotional states, characteristics personality, etc.)
o XML-based models
o UserML
o User description in XML format.
o Generic approach — not detailed user description
o Cognitive User Models
o Goals, Operators, Methods and Selection Rules (GOMS)
o Good for basic movement operations, but less rigid with cognitive actions.

o ACT-R

o ACT-R's most important assumption is that human knowledge can be divided into two
irreducible kinds of representations: declarative (facts-primitive knowledge) and
procedural (productions-how do we do things).

o Personas
o Hypothetical archetypes of actual users.

o Their primary goal is to make developers, designers, managers and other stakeholders
develop empathy for their end-users.

o Personas are one of the most widely known user models.




Relevant standards

Standard Focus on Tasks Workflows Description of user Description of Description of user Implementation
accessibility support support needs/ preferences device characteristics (physical, details
characteristics cognitive, etc.)
ETSITS 102 747
ETSIES 202 746 o o o
| ISO/IEC 24751-1:2008 v .../
ISOIEC 24751-2:2008 v v 4
W3C Delivery Context o o
Ontolegy
W3C CCPP ~ ~ -
IMS Access For All
Personal Neads and i o v
Preferences Description
ETSIEG 202 116 ' o o
ETSI TR 102 068 o o o
ETSIEG 202 323 v (limited)
BES EN 133242007 v v v
IS0 11228-2:2007 o
ISO/DIS 24502 o
BPMN s - ~
- - -
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‘.Hll The proposed User Modelling methodology
{ 1.-,'\5\ will be based on UsiXML. Why?
L

|l o UsiXML can describe the tasks sufficiently and it
can offer a much more complete description of

min tasks compared with other task modelling

" techniques.

w11 o As there is no widely accepted user modeling
':Hl language that can adequately describe the elderly

'|| and disabled users, there could be an extension

! '|\ of UsiXML (that has already some primary

| support for the description of the user), in order to
achieve the detailed description of the possible
disabilities of the user as well as the affected by

| the disabilities tasks.




Proposed methodology -
overview
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User and Task models - Overview

User Models
— Abstract User Model

» Describes a disability

— Generic Virtual User Model

Describes a set of users having a specific disability,
the affected primitive tasks and

the affected primitive tasks’ parameters
— Binary (ex. Abnormal step rhythm: Yes)

— Range of values (ex. Gait cycle [1.12, 3.22] sec)
— Virtual User Model

An instance of a virtual user
Describes user’s disabilities,
the affected primitive tasks and

the affected primitive tasks’ parameters for the specific user
— Binary (ex. Abnormal step rhythm: Yes)

— Specific values (ex. Gait cycle : 2.1 sec)

Describes how a complex task can be divided into primitive tasks.




Primitive Tasks - Definition

Primitive Tasks
The primitive tasks define the primitive human actions.

Steps for defining a primitive task:
» Define primitive task’s category
*Motor
«Cognitive
*Perceptual
*Visual
*Hearing
*Speech
setc.
 Define primitive task’s name
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Primitive Tasks - Examples

List of primitive tasks - Example
Primitive task’s category Primitive task
Physical Push
Physical Grasp
Physical Pull
Physical Walk
Physical Sit
Cognitive Select
Cognitive Wait
Cognitive Read




Task Models - Definition

The Task Models
describe how the
Task Models complex tasks can
be divided into
primitive tasks.

Steps for defining a Task Model:

1.

Define the sector where the complex application-oriented task
(ex. driving) belongs (automotive, workplace, etc.)

2. Define the name of the complex task
3.
4. Define the primitive tasks that should be executed, in order to

Define the name of the complex subtasks (if any).

achieve successful execution of the complex task.
Define an object related to each primitive task (if any)
(ex. Object: “Door handle” for primitive task “Grasp”)



Task Model — Example

(Open door)

Sector Task Subtask Primitive Primitive task —
tasks Object
Gettine i Grasp Door handle
Automotive i Open door Pull Door handle
car
Pull Door

Complex task

i 7 i i
Grasp fdoor handle) Pull idoor handle) Full {daoan

=

Primitive tasks

Task Models are expressed in UsiXML




Task Model — Example
(Handbrake operation)

Handbrake_operation

Feach thandbrake)  Grasp thandbrake) Full thandbrake) Listen (acoustic signal) Finch (handbrake button)  Release thandbrake)

LA
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Abstract User Models - Definition

>

The Abstract User Models describe the disabilities.

1.

2

3.

Abstract User 4
Models 5

6

Steps for defining an Abstract User Model:

Define the disability category

Define the disability name

Add a short description of the disability

Find quantitative metrics

Identify the corresponding ICF functional limitations
Identify if the disability is age-related or not



Abstract User Model - Example

An Abstract User Model describes a disability.

[ Disability PP o g P TP Ui . Functional limitations (JCF | Age-
e e Disability Short description Quantitative disability metrics e e
Motor Spinal cord Spmal cord mpuries cause myslopathy or damage to netve roots of myelmated 1. Gait parameters®: 5120 Spmal cord Could be
impzirments mjuries fiber tracts that carry signzls to and from the braim. ~Weight shift: mability to effectively transfer and related
(Thoracic The nerves that control 2man’s ability to have 2 reflex erection are located m | weight between legs i ———
= mjuries) the szcral nerves (52-54) of the spinal cord and could be affected 2fter 2 spinal | -Step width: decreased step width 51200 5“3‘3“”‘3 of
T cord injury. Stepheight- decreased siep height ;W%ﬂ
— American Spinal Injury Association Impairment Scalz -Step length: decrezsed step length spimal cord
o A=complet=. No sensory or motor function is preserved m the sagral -5tep thythm: shnormal step rhythm 512001 Thorzcic
segments 54-53. -Excessive plantar flexion during swing phase spinal cord
o B=mcomplete. Sensory but not motor function is preserved below the -Delayed heel rise achieved less peak knee $12002
- neurological level and mncludes the sacral sepments 54-53 i e Lumbosaceal
o] o C=mcomplete. Motor function is preserved below the neurolegical level E_ — - spinal cord
and more than half of key muscles below the neurclogical level have 2 I'TP'D"] L ““m“_" 12008 Structur
muscle prade less than 3. -Gait Cycle (sech2.17 (1.03) irf ; i =
o D=mcomplete. Motor function is preserved below the neurclogical level, | -Cadence (stgps/min): 63.0 (23.1) mhsgfalpmmﬂ?r
and at least half of key muscles below the neurclogical level have 2 -Double support (%5): 42.8 (10.2) 12009 Struchn
muscle grade greater than or equal to 3. Stride (m): 0.48 (0.13) ifspim] g e
E=Normal. SED.SDI]’and motor function 15 normal. —‘f"dﬂt‘i‘l‘_i,? ((m.-'sec);'height): 0.27(0.13) D
Self selected gait 51208 Spinal cord
“The 3F-36 Subscales and Descriptive Statistics for the SCI Group (n=320) n and related
Comparizon With Swedish Normative Data (n=3930)". structures, other
Musclelengthenmg and shortening (velocity at the ankle. ANK d'df) specified
-A kmes flexion contracture blocks progression during stance by inhibiting the 51209 Spinal cord
advancement of the thigh. and related
-Lower extremity muscle strength is 2n important determinant of fmctionzl gtmuciures,
walking pesfameance 3. Kinematic variables: unspecified
-Hip extznsors zre mmportznt for the ambulatory capacity. -Hip Excu.rsicr_n (383000
Falling during activities. -Enee excursion (7 38.1(13.2)

General affected tasks
-Access to sports and work activities

-Ankle excursion (7 230 (4.9)
-Hip veloeity (zec): 38.2(17.3)
-Enee velocity (flexion) ("/sec): 64.1 (41.8)

_E;‘J;;ggmgmaﬂdﬂ and bowel problems -Enee velocity (extension) (*/sec): 83.8 (34.2)
-Ability to concentrate -Ankle velocity ("/zec): 48.1(30.8)

-Memety fimetion

-Lesemgtpy capacities
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Generic Virtual User Models -
Definition

Generic Virtual
User Models

A Generic Virtual User
Model describes the
set of users having a
specific disability,
including:

- disability category

- disability name

- affected primitive
tasks

- affected primitive
tasks’ parameters



Generic Virtual User Model - Example

—————- | Disability Disability Affected Affected primitive tasks’ parameters
category primitive tasks ™)
el O
= The user is able to grasp objects, with
Grasp : _
size <= 3cm x 3cm X 3cm
Pull The user can pull an object with max_Force:
Hemiplegia u 5N

Gait velocity ranges from 0.18 to 1.03 m/s

Walk

Abnormal step rhythm

(*) The affected primitive tasks as well as the affected primitive tasks’
parameters will result from the disability metrics defined in the
Abstract User Models.
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Virtual User Models - Definition

A Virtual User Model
describes an instance of
a virtual user including:

- user’s disabilities
- affected primitive tasks

- affected primitive tasks’
parameters for the
specific user

> Virtual User
Models



Virtual User Model - Example

o A Virtual User Model describes an instance of a virtual user

Disability

User Disability Affected Affected primitive tasks’ parameters
ID category primitive tasks (*)
=
Gras The user is able to grasp objects, with
P size <= 2.5cm x 2.5cm x 2.5cm
Motor Pull The user can pull an object with max_Force:
Hemiplegia u 2N
Gait velocity : 0.9 m/s
Walk

Abnormal step rhythm




Proposed models and formats
W\

Abstract User Generic Virtual Virtual User
Models User Models Models




Generic Virtual User Models &

Virtual User Models -
UsiIXML extension

o There is not any formal way to define users
— (including elderly and disabled)

o UsiXML has already some limited support for
user description

o UsiXML is easily extensible, due to its XML

U

nature

o An extension of UsiXML is proposed, in order to
describe users in detalil.




UsiIXML extension

o Two new models are introduced;:
o disabilityModel
o capabilityModel

[ lversion |

g modifDate

u,,l )

d ] capabilityModel E| disabililtyModel




UsiIXML extension -

disabilityModel

o The disabilityModel describes all the possible
disabilities of the user as well as the affected by
the disabilities tasks.

i

'

1) ‘ = affectedTasks r"l 11 £ disabilityModel
=4 Ay
i . |
] affectedTask O di;hilit;
=N = disabilityDetails
Eg type TREE -l |
o me [Eg name |
[Cg taskObject
[Cg details
[Eg failurel evel




UsiIXML extension -

capabilityModel

o The capabilityModel describes in detail the physical, cognitive
and the behavioral/psychological user characteristics.

e
Q generall’referenc.es E hucDiscrinrnation Q glareSensitivity Q visualAcuity Q saturationDiscrimination E T — i
E prefe.rtre:llr}putl\;ﬂh:dzlltl)r Eg measurcUnits gy measurellnits [Eg measurelnits [Eg measureUnits Q informationProcessing
8 preferedOutputacalty | | SBYIE Eavalue S Slur
Eg un.suitabIeOutputMcdality - S 1 o1 A * T ) /.D..l ey
5@ microphoneVolume E contrastSensi - T Q B = E peakSensitivity 0.1
——] gg:t;hﬁ\::iume [Eg measurelnits AR [Eg measurelnits ..:| - .ﬂ —— T Ei
e — [Eg value " | Egwvalue — e attention
Eg backgroundColour 0.1 " = E behaviour 1 E physiologicalArousal
[Eg contentContrast ; — | 1' 0
[Eg fontSize T 1 - o — 1 11 * "
g fontColour = P 0.1
[Eg pointerSize E - ) iL e E hearing E resonancefFrequency
[Eg pointerColour EapAnIliteMibds; 1 ! visuospatialAbilities
= 1 s R S — N o
E gait i - T == . = | E cognitive ; .
Eg stepLength - 1 T 1 1 - & perceprtualAbilities
Eg ste.p\Mdth 1 _ = motor = . = leftLateralRotation | %, 0.1
g strideLength 0.1 e - < e Eri htLateralRotati 1
EgfootContact — em——— e —— Ene(k . lf._measureUnits 9 0 Q
Eg gaitCycle 0.2 * T Egminvalue | | EgmeasureUnits g Lshet T
Eg cadence T ~ T | Sy maxvalue g [Eg minValue
Eg velocity H upperLimb 1 4 5 L B maalue =
; . = e S S s hResonance
By scissoringOfLegs 1 [BlefRight <o [(Ehoutder | 15 T ~ ateralflexi : = ali
—_— = 1 L = 1 0.1 | I leftlaterallexion | = rightLdteralFlexion g n g attributel
0.1 - F. W % [Eg measureUnits 0,1 jpees +
Bl . W LV L &= minValue 5 Eg measurelUnits g
= hand 2 - | o 5 minValue X H intonation
S — Ik [Eg maxvalue 3 X
Ef S A elbow J L < IEg maxValue [} 1 o
brearm™| ey o PETE——— TIE— 0.1 Eprosody |-
= T 1T r # E externalRotation 0.1 T —_— s 1 0.t
Ly 1 | [E& measurelnits El pelvis N 1 | EvocalStress
’ / [Eg minValue 0.2 £ phonation 0.1
0.1 0.1, 1 o 5 maxValue S y
0.1 0.1 A _— E Limb 1 = ; w7
E g 0. E 1 T lowerLim 01 rotation 1] - e
pr = D \ e [ E lipMovementCoordination
Eg measurelnits = ' & internalRatation 1 1 | EglefiRight g m.easureUnlts Sl
Eg measureUnits Bt
Eg minvalue B 13 7: . 0.1 1 e 5 minValue ic
| S Eg minValue [Egg measurelnits thp B Val 3 1 7 =
B2 maxValue ; ) B maxlalue - " y
i_':‘l—.. g maxValue [Eg minValue 0.1 1 i {1
—_— Eg maxval . : il T 01 | -
| ﬂ;En - i\ V2 E] ankde = syllableDuration = lowerLipVelocity E’Iowerlipﬂaising
I e 70 T
[Eg measurelnits — . dEA el
[Eg minValue | SN | _Q- Ty .
er—— — soundProlongation jawLoweringDisplaycement
Eamavalue | [T nsion e 0.1 P B ot i 9Uisplay
58 measureUnits — Q-abduction E adduction E dorsiFlexion Eplantarﬂexiun
E‘ mm\\:’rallue 5 measurelUnits g measurelnits £ measureUnits g measurelUnits Q fundamentalFrequency
& Mmaxvalue Eg minvalue 5 minValue 5 minValue Egminvalue
B maxialue 5 maxValue 5 maxvalue Eg maxvalue




Virtual User Model Generator

o AVirtual User Model Generator has been developed, in order to easily
extract a Virtual User Model in the proposed UsiXML format.

Type Name Details
Disability No.1 : ‘ ‘ | ‘Arlhriiis |v| For some unknown reason, the immune system of the body star |+ |
5 to altack body issues. The altack is not only directed atthe joi |_
int butto many other parts of the body. Most damage occurs to th : 2 2
/& joint lining and cartilage which eventually results in erosion of || Flexion : min: |0.0 degrees max: |(70.0 degrees
ftwo opposing bones. Affects joints in the fingers, wrists, knees |«
m——1| Dy hility NO.2 : l:l:l _Izl A cataract is a clouding of the normally clear and transparent lens o Extension : min 3 M degrees max : M degrees
e ——— the eye. Itis not a tumor, a new growth of skin or tissue overthe e
e, but a fogging ofthe lens itself.
Disability No.3 : | || [undefines  [~]

Disability No.4: Undefined |« ‘

Edit Virtual User Model Virtual User Model Preview
R =
pisabifties | | | ‘ | [ DISABILITIES ™ B
o - General | | | ‘ Edit | T
Disability No.5 : x| | Name: Arthritis
Motor [Lefthand [~]| Ear | Type: Motor
Details: For some unknown reason, the immune system of the body starts to aitacl
Vision | [-][ e |
MName: Cataract
Hearing | [-] ‘ Edit | Type: Visual
Details: Acataractis a clouding of the normally clear and transparent 1ens of the &
Speech | | | Edit
Cognition | | | ‘ Edit | [*=*** GENERAL PREFERENCES ="
Behaviour | | Preferred input modality: Undefined
Unsuitable input modalit:.  Undefined

Preferred output modality: Undefined
Unsuitable output modality,:  Undefined

Step length @ 0.75 m

. Microphone volume -1.0 {(dB)
Step width : -1.0 m Outputvolume -1.0 (dB)
R Brightness -1.0 (Walts/(meter)2)
Stride length : 1.58 m Background colour: Undefined
Content contrast: Undefined (cycles/degree)
Foot contact time : |-1.0 Sec Font size -1 {absolute size)) |
Font colour: Undefined |
Gait cycle : -1.0 sec (0 I \ [v]
Cadence : 112.0 steps/min
Velocity : 820 mimin
| Save Virtual User Model | ‘ Cancel |




The proposed methodology in the

context of existing standards

Standard/Methodology

Potential use in the proposed User
Modelling methodology

Potential contribution
of the proposed
methodology

ETSI ES 202 746; Human Factors (HF);
Personalization and User Profile
Management; User Profile Preferences

| and Information

The proposed methodology may include the
user preferences specified by the standard,
especially those related to disabilities, to the
structure of the Virtual User Models.

The proposed methodology
could possibly extend the
user preferences related to
disabilities.

ISO/IEC 24751-2:2008 (Information
technology - Individualized adaptability
and accessibility in e-learning, education
and training - Part 2: "Access for all”
personal needs and preferences for
digital delivery)

The proposed methodology may include a
subset of the stated in the standard user
needs and preferences related to disabilities
to the structure of the Virtual User Models.

The proposed methodology
could possibly extend the
user preferences related to
disabilities.

W3C Composite Capability/Preference
Profiles (CC/PP)

The proposed methodology may use the
user preferences specified by the standard,
especially those related to disabilities, for
the development of the Abstract and Virtual
User Models.

The proposed methodology
could possibly extend the
user preferences related to
disabilities.

IMS Access For All Personal Needs and
Preferences Description for Digital
Delivery Information Model

This standard provides a machine-readable
method of stating user needs and
preferences with respect to digitally based
education or learning. Some of the stated
user needs (that may also be used out of
the scope of e-learning) may be used in the
development of the Abstract and Virtual
User Models.

The proposed methodology
could possibly extend the
definitions of user needs
and link them with specific
disabilities.




The proposed methodology in the

context of existing standards

Standard/
Methodology

-

|

Potential use in the proposed User Modelling
methodology

Potential contribution
of the proposed
methodology

ETSI EG 202 116;
Human Factors (HF);
Guidelines for ICT
products and services;
"Design for All"

11|
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ETSI EG 202 116 contains definitions of user characteristics,
including sensory, physical and cognitive abilities. These definitions
may be used in the development of the Abstract User Models, in
order to express how the disabilities are connected with the sensory,
physical and cognitive abilities of the user.

Additionally, ETSI EG 202 116 describes how user abilities are
changing over years. This information could be used in the
development of the Generic Virtual User Models representing users
of different age groups.

The proposed methodology
could possibly extend the
definitions of user
characteristics and even
create machine-readable
formats (ex. XML-schemas)
of these characteristics.

ETSI TR 102 068;
Human Factors (HF);
Requirements for
assistive technology
devices in ICT

ETSI TR 102 068 describes user sensory, physical and cognitive
disabilities and correlates them with assistive devices. The proposed
methodology may use this information in the development of the
Abstract User Models, which describe the disabilities, in order to
correlate the disabilities with assistive devices.

BS EN 1332-4:2007
(Identification card
systems. Man-
machine interface.
Coding of user

| requirements for
people with special
needs)

BS EN 1332-4:2007 provides a set of detailed definitions of user
needs (such as preferred speech output rate, requirement for
specific type of fonts, etc.), including people with special needs, for
example the aged, minors, people with disabilities, those with
learning difficulties, first time users, those not conversant with the
local language. These user needs may be used in the Abstract User
Models, presenting this way how user needs are connected with the
disabilities.

The proposed methodology
could possibly extend the list
of requirements concerning
the interaction of elderly and
disabled people with a user
interface.




Early results

How the proposed User Methodology
could be used in a framework that
performs automatic simulated

accessibility testing of products and
services?

$an—=
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A framework that performs simulated accessibility
evaluation of ICT and non-ICT products and services

Virtual __%
Environment

Task
Model(s)

i
vg:::l I Simulatio Simulation
Model Platform

Simul atlnri
Model "5
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||l oAsimulation moc
of actions that wi

Simulation Models

el refers to a sequence
| be defined by the

lopers, according to the

functionality of the prototypes to be tested
In terms of their accessibility.

o Simulation model = Simulation scenario

o Expressed in UsiXML



Virtual Environment

o The designer initially develops the virtual
workspace prototype.




Simulation Model

Cpen_drawers, with_left_hand

(] .

Cpen_top_drawer_with_left_hand Open_hottom_drawer_with_[eft_hand

UsiXML source code

<?xml version="1.0" encoding="UTF-8"?>
<taskmodel>
<task id="stOtask0" name="Open_drawers_with_left_hand" type="abstraction">
<task id="stOtask1l" name="Open_top_drawer_with_left_hand" type="interaction"/>
<task id="stOtask2" name="Open_bottom_drawer_with_left hand" type="interaction"/>
</task>
<deterministicChoice>
<source sourceld="stOtask1"/>
<target targetld="stOtask2"/>
</deterministicChoice>
</taskmodel>

|




Task Model

drawer

|

i i i
——{Find_top_drawer [Mave_left_hand_to_top_drawer|Grasp_top_drawer_with_left_hand|Pull_top_drawer_with_| eﬂ_hand"

<?xml version="1.0" encoding="UTF-8"?>
il <taskmodel>
=111 <task id="stOtask0" name="Open_top_drawer* type="abstraction">
<task id="stOtask1" name="Find_top_drawer" type="interaction"/>
<task id="stOtask2" name="Move_left_hand_to top_drawer“ type="interaction"/>
<task id="stOtask3" name="Grasp_top_drawer_with_left_hand“ type="interaction"/>
<task id="stOtask4" name="Pull_top_drawer_with_left_hand“ type="interaction"/>
<[task>
<enabling>
<source sourceld="stOtask1"/>
UsiXML source code <target targetld="stOtask2"/>
</enabling>
<enabling>
<source sourceld="stOtask2"/>
<target targetld="stOtask3"/>
</enabling>
<enabling>
<source sourceld="stOtask3"/>
<target targetld="stOtask4"/>
</enabling>
</taskmodel>
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Virtual User Models

o Using the Virtual User Model Generator, the
designer generates five Virtual User Models,
whose problematic physical parameters are

min
mmm EI :
—— presented in the table above.
| Physical crErrIacteristics Normal | Rheumatoid | Spinal cord Adhesive Hemiparesis | Elderly man
— values arthritis injury shoulder 75-79
capsulitis
Wrist flexion (°) 0-60 0-62
| Wrist extension (9) 0-60 0-67.48 0-53
[.:' Shoulder flexion (°) 0-180 0-10 0-118 0-20 0-53.39
4
Shoulder abduction (°) 0-90 0-15 0-74 0-10
Shoulder internal rotation | 0-90
©)
| Shoulder external rotation | 0 -50 0-15 0-31 0-10
©)
Forearm supination (°) 0-85
Elbow flexion (°) 0-150 0-91.09

Ffl—-r r
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Simulation Process

o During the simulation process, the simulation

platform simulates the interaction of the virtual
st UL user (as it is defined in the Simulation Model)
~ with the virtual environment.

4l o The specific disabled virtual user is the main
“actor” of the physically-based simulation that
aims to assess if the virtual user is able to
accomplish all necessary actions described in the
Simulation Model.
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Simulation process - Results

Task Ehemmatoid arthritis Spinal cord injury Adhi;';g;&?:ﬂdﬂ Hemiparesis Elderly
Simmlation result: Fatlure Sinmlation resul: Sinmlation result: Failurs — Simmlation result: Sinmlation result:
= — Shoulder joint limit Success Shoulder joint linmt Success Success
< ]
4
g
5
=
]
8| Open
bottom
drawer _ _ s
] ] Smmilation result: Failure — ] ) ] ]
Smmulation result; Fathore Sinmlation result: Shoulder & Wrist joint Smmlation result: Stmmlation result:
— Shoulder joint lmut Success Limit Success Success
Open
top
drawer _
Stmmlation result: Faihure Sinmlation result: Sinmilation result: Eailure — Sinmlation result: Simmlation result:
T — Shoulder joint Linut Success Shoulder icint lingit Success Success
'd -
3
=
>
5
g
&| Open
bottom
drawer
Slcg.gljfﬁ }-eéuétl:_ﬂ_j :ge Sipmlation result Faihure SIQT-;ISEE‘]; ifr_fﬂtm-"ﬂ u; & Sinmilation result: Sinmlation result;
gl i — Wrist ioint it e A Success Success
Wrist jomt hmit : Linzt
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