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Naveruotrpo KpAtng
Tunpa Erotiung Yrnoloylotwy
IxoAn Ostikwv Kot TExvoloyikwy Emotnpwy

‘Eva Mpoypappatiotiko MAaioto Avantuéng
yot DALKEG wg tpog Tou¢ HALKLwUEVOUG,
MoAutpornikég, NMpooapuolOMEVES,
AwadpaotikeG EPappoyeg yio OKLaKEG
YrootnplktikéG Popmotikég MAatdopueg

Asaktopkn StatpBn rou uroPAROnke anod to NikoAao Kalénn

MepAnn

H npoodeutikn avénon tou npoodokipou opou Iwrg Kat n enakoloudn avénon tou
rmAnBuopou tne Tpitng nAkiag otnv Eupwrn Kot o€ mMayKOopLo eninedo smpEpouv TNV
QVAYKN Yla VEEC TEXVOAOYIKEG AUCELC otov Topéa TNE BeAtiwong tng uyeiag, g
avetaptnng Stafiwong, Tng mototnTag LW KoL TNG EVEPYOU YPOVONC TWV TIOALTWY
m¢ Kowwviag tg MAnpodopiag. H mowdtnta Iwng KoL n evepyns ynpavorn twv
NALKLWUEVWV EXEL YIVEL EVOC ONUAVTIKOC OTOXOE TWV EUPWIAIKWY KOWWVLWVY OF LEPQ.
I1o mAaiolo autod, o Opoc «YrofonBoupevn Autdvoun Awafiwon» (Ambient Assisted
Living - AAL) avadEpetal oTtnv OUOLAOTIKA XPHON TWV TEXVOAOYLWY, HE TETOLO TPOTIO
wote va BeAtiwvouv tnv modtnta Iwng Twv NAKIWHEVWY, TIPOoPHEPOVTAC TOUC TNV
aoddlela kot tnv dveon mou xpewalovtal ywa va {oouv avefaptntol Kol yld
TIEPLOCOTEPO XPOVO OTO OTITL TOUC, OE avtifBeon UE TOV EYKAELOUO TOUG OE KATIOLO
YNPOKOUELD A iSpupa.

MoAAEC peléteg €xouv SiefayBel otov Topéa TNE UTTOOTAPLENG TWV NAKIWUEVWY OF
nepparlovra unofonBolpevne Siafiwong, doov agopd tn SLEUKOAUVOT TOUC OTIC
Slapopec MTUXEC TNC KABNUEPWNC Toug IWHC, OTNV QVIIHETWION LOTPLKWY

TEPLOTATIKWY Kot ot AQYPn KATAANAWY HETPWY OE TIEPUTTWOELS EKTAKTNC QVAYKNC.
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Qotooo, eficov onuavtkn muxn otn wn twv NAKWHEVWY €lval n evepyog
CUMHETOX Toug oto Teptfdrlov SaBiworg Toug Kol auTd OCUVERAYETAL TNV
aMnAenibpaon toug pe Siddopoug Kot StapopeTikol TUTIOUE TEXVOAOYLWV. Evac

TETOLOC TUTIOC TEXVOAOYLOC EIVOL OL OIKLOKEC UTIOBONONTIKEC POUTIOTIKES TAATHOPUEC.

Ot uroBonNBNTIKEC POUMOTIKEC TAATPOPHUEC BPLOKOVIOL OTO TPOOKAVIO €6w Kol
OPKETO KapO, OTO TAQIO0  TNG MPOOTAOELAE TWV EPEUVVNTWV VOl EEMEPACOUV
OUGCLOOTLKA TIPOPARHATA TIOU OXETILOVTAL YE TN POUTOTIKN Toug pUon Kot Ttn Xprion
TOUC O€ OWKLaKA eptBaidovta. H erutuync évtaén umoBonBnTikwy pOUOT O€ OLKLOKA
nepBarovia unp€e TO QAMOTEAEOUO  SLETUOTNUOVIKWY TPOCTIABELWY Ao
S1APopPoUC EMOTAUOVIKOUE TOUEIS TTIOU KUUALVOVTOL OO TOV TOHEQ TNE POUTTOTIKIG
KOl UTTOAOYLOTIKAC OpaonNe HEXPL TOV TOMER TNG UNXOVIKAC HABnong Kot twv
TANPOGOPLAKWY cuoTNUATWY. OL TIPOKANOELS TIOU €XouV KANBEL v aVTLUETWITIOoUV
QUTEC OL T(POOEYYIOELG EIVOL TOOO HEYANEC WOTE EPLOOOTEPN £udaocn Exel SoBel otnv
enitevén tng acdpalolc cuviTAPENC TWV POUITOT OE OLKLAKA TEpLBAAlovTa napd oto
Bépa tNg aAAnAsnidpaon PETAEY TNG POUTIOTIKNC TAATHOPUOC KOL TWV XPNOTWV TNC.
Qotoo0o, 6€50UEVOU OTL TO TESLO TNE POUITOTLKAC EXEL WPLUACEL OPKETA TO TEAEUTALO
Xpovia, n eotiaon otnv aAAnAenidpaon peTall Twv avBpwWItwV Kol TWV POUNOT O
owKlakd neptBariovra untofonBolpevng auvtdévoung Siafiwong yivetar OAo kot o

avaykaio.

H epyaoia auth eotidlel otnv alMnAeniSpaocn Kot T CUVEPYOTIKY cuvunapén Twv
NAKIWUEVWVY KoL TwV POUNoT. O kUPLOG oTOXOC €ival n emitevén pag yA\wooog
aMnAenibpaong n onoia Oa sivat and KowouU KATavonth. Ie auth TV véa popodn
€TKowvwviag, n aAnAenidpaon Ba MPENEL va €ival TPOCAPHOOUEVN OTOUC TEAMKOUG
XpNoteg, Aapfdavovtag umoyn TIC ELSIKEC AMALTACELC TOU KADE oTOMOU, TNV
Katdotaon tou meptBailovtog, oA Kat TI¢ SuvaTOTNTES MOV TAPEXOVTAL Ao TLC
POUMOTIKEC TAATPOPUEC. MPOC AUTOV TO OKOMO, N Ttapouoa SLatpLPr) EMIKEVIPWVETOL
otn Snuwoupyia pag kaBohiknc Along, n onola Ba propéostl va xpnotponotnBel we
akpoywviaio¢ AiBo¢ ywa tnv avamtuén TOAUTPOrKwY, ¢GIAKWY WC TPOE TOU
NAKLWUEVOUC, SLadpaoTIKWY EGAPUOYWVY TIOU TIPOOPIIOVTOL YIa POUTIOT OLKLOKAG
xpnonc. EMutAéov, n EPELVNTIKY AUTH £pyOia TOPEXEL OTOUG TIPOYPAUHUATIOTEG TLG

aapaitnTeC TEXVOAOYIEC, Ta epyaleio KoL Ta SOULIKA OTOLXELO TTOU XPELA{OVTAL VLA T
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Snuwoupyia  evxpnotwy, GUKWY WC TPOC TOU NAKIWHUEVOUC, TOAUUECIKWY
ebappoywv oe AAL mnepiBardovia, pe Siaitepn E€udoaon OTIC POUTTOTIKEC
rAatdOppeg, auavovtag £T0L TIC SUVATOTNTES IPOCAPUOYC TOUC OTLC OVAYKEC TWV
XPNOTWV KOL KATA CUVETELR TNV artodoXr] TwV TEXVOAOYUWV QUTWY oo TOUE TEAMKOUC
XpNOoTeC. OLEdaPHOYEC TTOU AVAITTUCCOVTAL E TN XPHoN TOU NMPOTEWOREVOU NAALGIoU
gival gyyevwe PIAKEC WE TTIPOC TOUC NAKKWUEVOUC, VW TIapAAAnAa prmopoulv Kot
MPOCAPUOTOVTaL OTIC AVAYKEC TOuC, oto TepBallov kot oto mAaioo xpriong. Me
QUTOV TOV TPOTO MAPEXETAL ULt OMAAR KOUITUAN HaBnong Kat tautoxpova auénpéva
enineda  wavonoinong otou¢ TeAlkoug xpnotec. EmutAéov, n xprion Tou
TIPOTEWVOUEVOU TIAALOLOU  €L0AYEL VEOUC TPOmouc oAAnAenidpaong, Onwe n
aMnAenibpaon He Xprion Gwvrc KoL XEPOVOULWY, EUIAOUTI{OVTAC £TOL TNV EUNELpia
TWV TEAKWV XpNOTWV KAl cuvapa armhornowwveag tnv aAAnAenidpacn Kat To XELPLOUO
Twv epappoywv. TEAOG, TO MAALOLO SLEUKOAUVEL TNV QIMOTEAECUATIKI KOl AOSOTIKN)
avantuén diemadwv xprong, armAonowwvias £tol o Peyalo Babud to €pyo tou

T(POYPALLATLOTH.
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Abstract

The continuous growth of the older population in Europe and the progressive
ageing of society worldwide bring about the need for new technological solutions for
improving the health, independent living, quality of life and active ageing of older
citizens in the Information Society. Quality of life and active aging of elderly people is
becoming an essential objective for today’s European societies. In this scope, the term
“Ambient Assisted Living” (AAL) is used to refer to the meaningful usage of
information and communication technologies, in a way that they can improve the
quality of life of older people by offering them safety and comfort to live longer at
home and prologue their independence. Many studies have been carried out about
empowering the elderly in AAL environments, concerning the aspects of facilitating
everyday living, addressing medical conditions and taking appropriate actions in
emergency situations. However, an equally important aspect of the elderly's lives is
their active engagement in their surrounding environment and this implies interacting

with different types of technology.

Robotic platforms have been around for quite some time since researchers
have been trying to overcome essential problems that are related to the nature of
robotics and their usage in domestic environments. Successful integration of robotic
platforms in a domestic environment has been the result of multidisciplinary efforts
from various scientific fields ranging from computer vision to machine learning and
information systems. The challenges of these approaches have been so overwhelming
that more focus was given to achieving a safe robot existence in a domestic
environment than the actual human-robot interaction between the platform and its
users. However, since the field of robotics has matured over the last years, a focus
shift from the hardware itself to the HRI part of the robot’s existence in such domestic

environments is becoming more and more necessary.

Furthermore research efforts have focused on incorporating household
robotic platforms in such environments under the role of domestic care givers or social
companion. The possibilities that are offered by these domestic platforms towards the

assistance in everyday life and the wellbeing of the senior citizens are being
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extensively researched in recent efforts as this scientific field has been drawing
considerable attention in recent years. To this end, domestic robotic platforms have
been proved to be a valuable piece of technology since they can actively and

proactively assist senior citizens in their everyday lives.

This work provides a focus shift towards the interaction part of the
collaborative co-existence of the elderly and the robot. The main goal is to achieve the
development of a commonly understood interaction language. In this novel form of
communication, interaction should be tailored to the end users taking into account
the specific requirements of each individual, the environmental state but also the
capacity of the input/output channels provided by the robotic platform. To this end,
the current thesis focuses on creating a universal solution to be used as the corner
stone for building multimodal, elderly friendly, interactive applications that target
household robots for elderly users. This research work provides developers with the
necessary technologies, tools and building blocks for creating easy to use elderly-
friendly multimodal applications in AAL environments, with particular focus on robotic
platforms, thus increasing their level of adaptation to users’ needs, and, as a
consequence, users’ acceptance of these technologies. The applications developed
using the proposed framework are inherently friendly to the elder users, while
adapting to their needs, the surrounding environment and the context of use. This
results in a smooth learning curve, providing increased levels of user satisfaction.
Moreover, the use of the proposed framework introduces new interaction modalities
such as voice and gestures, enriching and simplifying the interaction experience of the
applications. Finally, the framework facilitates effective and efficient development of

the supported user interfaces, thus simplifying to a great extent the developer’s work.
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Introduction

1 Introduction

1.1 Defining ‘Old Age’

Old age can be defined as ages nearing or surpassing the average life span of human
beings, and thus the end of the human life cycle. Euphemisms and alternative terms
for old people include seniors (American usage), senior citizens (British and American

usage) and the elderly.

The boundary between middle age and old age cannot be defined exactly, because it
does not have the same meaning in all societies. People can be considered old because
of certain changes in their activities or social roles (i.e., when they become

grandparents, or when they retire from work).

Defining the “old age” is not quite as obvious as it might seem. Much of the recent
interest in designing for elders has been motivated by the idea that the world’s
population is ‘ageing’. Implicit in the notion of the ageing society is the idea that “old
age” can be defined, and that people who are experiencing old age form a
recognizable group. However, there are many ways to define what “old age” actually

means, and how it can be identified.

According to biology, ageing is a biological process by which a healthy, fit organism
(for its environment) is converted to a less healthy and fit one. Some of the main

ageing characteristics are:

e Reduced tissue/physiological function
e Increased susceptibility to disease (age-related diseases)

o Decreased resistance to stress.

Ageing can be understood as a biological process, as a stage within the life cycle, or in
chronological terms. The former is a rather tricky definition to be used for the
purposes of research, unless looking at specific groups (e.g., those experiencing a
particular type of cognitive decline). Most frequently, however, researchers take the
latter approach of using a chronological cut-off point to determine who is to be

defined as old, which in some cases incorporates “older” people who are as young as
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50. An alternative way of thinking about how old age can be defined is to explore how
old people approach the issue. "Normal"” ageing is ageing which occurs without
disease. However, there are a number of physiological changes taking place that do
not involve a pathological process. Although there may be bodily changes in the
person, the person enjoys good function of mind and body and is able to live
independently with a good quality of life. Usually, a distinction is being drawn between
normal ageing (as a developmental process), which could comprise a number of
indicators of physical decline such as arthritis, diabetes and blanks in memory, and
real old age, which is signified by sharp declines in mental acuity (e.g. Alzheimer's

disease) and social interactions (which often causes depression [1]) and other factors.

Because of the negative implications associated with aging, elders rarely perceive
themselves in this way, preferring to see themselves as “getting on” rather than
“getting past it”. Therefore, when defining what old age is, it is worth emphasizing
that there are large numbers of people who, while identified as belonging to the
“aged” fraction of our ageing societies, remain autonomous and do not consider

themselves to be old.

Nevertheless, these individuals form a group that has certain characteristics in
common. They are largely retired or semiretired, and are therefore likely to have
undergone a notable life shift (in the move from employment). Further life changes
may also have occurred or at least be on the horizon, including plans to downsize the
family home or perhaps enter sheltered accommodation. Besides sharing various life
circumstances, elders as a group may have certain attitudes towards the notion of
family, friendship and their associated roles. These attitudes mark them out as a group
with unique design requirements, and perhaps do so more strongly than the potential

of their experiencing physical or cognitive decline.

1.2 Elderly People and Technology

The interplay between people and technology can be described as an ongoing dynamic
process with two opposite sides. On the one hand, there are the positive-thinkers who
support innovation and change which are seen as progress that can only be positive

for humanity. On the other hand, there is the group of skeptical people with a critical
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point of view that anything new has to be closely observed in order to be accepted
and even then it must be handled with care. Both sides provide interesting points of

view.

The main challenge when trying to introduce new types of technological and media
inventions and innovations is to try to take advantage of the many new possibilities
they offer while respecting and properly addressing the fears arising when introducing
new forms of communication, education and living [2]. When it comes to elder people
and their interplay with technology, two main aspects must be taken under
consideration. The first one is acceptance. People have to accept new technologies
first, in order to be able and willing to use them on a regular basis. The other critical
aspect is creating an adaptive, ambient and inclusive design which will be discussed

below.

Acceptance is a very essential point when studying the effect that new technologies
have on the lives of elderly people. Younger people use technology in their everyday
lives and are familiar with using and controlling technological devices. The elderly, on
the other hand, are usually afraid to use technology. How can they be expected to use
something that they are not willing to accept? Their lack of experience with
technological products results into their reluctance in use. To address this problem
the most frequent approach is to use familiar technological solutions such as TV-based
services [3] in order to introduce new possibilities while minimizing the risks of
rejection due to fears based on lack of experience. For example, in [4] a solution via
IPTV is proposed that results into an affordable, unobtrusive, evolvable, usable and

easily deployable platform which aims to approach the vision of “AAL for All”.

The second critical point to take under consideration, when designing new
technological devices for the elderly, is the level of adaptation. In other words, this is
the level to which the designed technological media can meet user requirements
efficiently. Elder people are characterized by heterogeneity. This results in the
existence of many user categories according to their cognitive abilities, speed of
learning and curiosity or their degree of concentration. According to the user’s needs,

designs made for the elderly must allow different usages. This can be accomplished
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by using different micro-elements that react adaptively so that the information that

the users gets is influenced by the pattern of usage as the device adapts to the user.

Moreover, when it comes to supporting elderly people in their everyday lives, it is
more effective to use ambient media such as television and mobile phones. These
appliances already exist in the elderly’s everyday lives and are not considered to be

disturbing, because people are already familiar with their use.

Finally, in order for a device to be universally acceptable it must conform to the
principles of universal design. Design for all dictates that devices are produced for a
large group of people and hence, heterogeneity should be taken into account. In order
to achieve this, it is important to include the final users in the design and development
process. As a result, elderly people need to be included in the testing and evaluation
of the prototypes throughout the whole development process which produces a great

impact on the acceptance of the final product.

1.3 Assistive Household Robotic Platforms

The field of assistive domestic robotic platforms for household use has been drawing
considerable attention in recent years. As opposed to other assistive domestic
robotics like automatic floor cleaners or pure surveillance robots, these social robotic
platforms are designed to provide services to their human users through direct
interaction, like displaying information, supporting communication with other people

or simply entertaining the users [5].

The primary goal of these robots is to make their users feel safe and less lonely at
home, while enabling and facilitating them in their independent or semi-independent
lives at their own residences. In other words, they aim to advance towards a robot
solution that will enhance wellness and quality of life for seniors, and enhance their
ability to live independently for longer at their homes [6]. While technology and
particularly innovative robots for ageing well at home can provide the means and
solutions for helping the elderly achieve the desired independent longevity, elderly
people’s attitude, mistrust and suspiciousness towards anything new to them and

especially anything that is hi-tech, is always a major setback.
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Furthermore, employing the intelligence of the surrounding environment and adding
it to the arsenal of robotic assistants, opens new promising horizons in the field of
Ambient Assisted Living. The surrounding Aml environment can contribute
significantly towards the augmentation of the context-awareness of robotic platforms
which in turn can employ the offered possibilities of the intelligent environment to-
wards building more complex behavioral scenarios. Furthermore, the assistive robots
become more actively engaged with their users and the environment by exploring the
functionality that they are offered which results into higher levels of acceptance and

subjective satisfaction for their users.

Finding natural ways to interact with new technologies becomes a challenging field of
research. Towards this objective, this work employs multimodal ways of interactions
that provide a natural way of interfacing, aiming to increase the acceptance of such

systems and increase their level of adaptation.

1.4 Scope and Objectives of this Work

The purpose of the proposed work is to provide a development framework that aims
to facilitate developers in the process of designing and building interaction-friendly
multimodal applications for elderly users. Taking into account the existing state of the
art, the current work examines related research findings and takes a few steps further
by providing developers with the necessary framework, tools and building blocks for

creating interactive applications that are fit to the needs of the elderly users.

Furthermore, the developed framework guides the creation of applications that are
designed and developed to be friendly to the elder users while introducing new
interaction modalities such as voice and gestures, thus enriching and simplifying the

interaction experience provided by the developed applications.

The modalities that have been implemented for the interaction process include voice,
touch and gestures, as these modalities provide natural ways of interaction which are
suitable for older people in terms of ease of use and subjective satisfaction, resulting
in a smoother learning curve [7] [8]. Therefore, the framework provides instances of
voice and gesture recognition engines to implement these approaches. All the controls

in the proposed framework support activation through any of the aforementioned
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modalities. The necessary tools to realize the pairing and matching between vocal
commands, gestures and the user-interface scenes have be implemented as part of
the framework, thus offering to developers a convenient workspace to build

multimodal elderly-friendly applications.

1.5 Structure and Contents of this thesis

The remaining chapters of this report are organized as follows:

Chapter 2 provides an overview of the different research studies that have been
carried out in the context of psychological aspects on the functioning of elderly
people. Furthermore is goes through multimodal interaction techniques in ambient
assisted living environments targeting the elderly and discusses the challenges that
the elderly target user group imposes on the design. Moreover, it presents the aspects
of human robot interaction in ambient intelligence environments and discusses the
different adaptation options that that the multimodal interaction paradigm has to
offer. Finally, it discusses existing technologies regarding the human robot and
intelligent environment interaction as well as state of the art programming

environments and tools in the same context.

Chapter 3 identifies the target user group that will be addressed in the current
dissertation and its particular requirements. It identifies the problems encountered
when designing software for household robotic platforms for the specified user group
and discusses design methodologies that need to be applied when designing for this

target group.

Chapter 4 presents the architecture of the proposed framework and the design
methodology of the proposed solution, focusing on the framework modules that

support the development of multimodal user interfaces that are elderly-friendly.

Chapter 5 discusses the implementation of the proposed framework, the extension of
the ACTA scripting language runtime, the multimodal interaction context, the static
and dynamic adaptation capabilities, the globalization and localization strategies, the
state management of the different application dialogues and the augmented

cognition capabilities that Aml environments can offer to domestic robotic platforms.
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Chapter 6 addresses usability evaluation and testing and describes the methods that
were used, issues specific to usability testing when the target user group is people of

the third age, as well as heuristic evaluation case studies.

Chapter 7 presents use case applications developed using the FIRMA framework.
Furthermore, it suggests case studies related to the proposed framework, adaptation
mechanisms and supporting tools in applications made for domestic robots and the

elderly in ambient assisted living environments.

Finally, chapter 8 focuses on the discussion of the proposed solution, highlighting the
scientific contribution of this thesis and elaborates on ways that the proposed

framework can be tweaked and extended in the context of future work.
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2 Related and Background Work

This work aims at establishing the foundations for facilitating the design and
development of elderly-friendly multimodal interactive applications targeted to
household robotic platforms which are deployed in Ambient Intelligence

Environments. This discusses the state of the art in the targeted application domains.

2.1 Psychosocial aspects on the functioning of elderly

people

As mentioned in chapter 1, the percentage of the people in the oldest age group (more
than 75 years old) is rapidly increasing worldwide. The growing need for providing
medical, physical and psychological care for this vast heterogenic group is in the focus
of attention of most highly developed countries due to the excessive costs of support.
But not all of the elderly residents need such intense help. The deterioration in the
cognitive and physical functioning connected with getting old can be split in three

major categories [9], [10], [11]:
1. Successful ageing
2. Normal ageing
3. Diseased ageing

The successful ageing group (8-10% of the general population of the elderly people)
stays active and independent mostly until they become the so called oldest old people
(older than 85 years old), and even then they require relatively little support, mostly
connected with carrying heavy objects. For this group, having an assistive robot would
be a chance for staying as independent and active (physically, socially and cognitively)

as when they were much younger.

The normal aging group, which covers most of the general population of the elderly
people, suffer from typical age-related problems such as: somatic complains due to
different medical conditions, age-related cognitive decline and senses deterioration.

This group needs moderate support, mostly provided by the closest members of the

44




FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

family and General Practitioners. It is estimated that almost 70% of the elderly people
need some kind of aid such as walking sticks, glasses or hearing aids [12], [13]. Just like
the successful aging group, people in this group would welcome help provided by an
assistive robot. The nature of the required help would be very similar but it should be

provided earlier in time.

Both successful and normal aging group have similar needs for physical and emotional
support which increase year after year. Most of the elderly people are able to look
after themselves but they require support in more demanding household jobs. They
are able to fulfil most of their needs by themselves, such as keeping in touch with
social contacts and receiving emotional support gained from their relatives and

friends.

On the other hand, the diseased ageing group requires larger amounts of support due
to its profound physical or cognitive issues. This group consists of the people suffering
from cognitive impairments as well as from other diseases with physical
manifestations which make them unable to function independently. It is estimated
that a high percentage of the people of this group suffer from more than one serious
medical condition. Their everyday functioning is highly influenced by their health
issues and they require physical help much earlier than the groups mentioned above.
The use of an assistive robot would be of invaluable help not only for the elderly

people of this group, but for their families as well.

One important challenge in Human-Robot Interaction is the relatively low level of
technology acceptance among the elderly people. It is a fast growing field of research
but so far the gathered data is not conclusive. Most of the researchers underline the
existing correlation between the age, general technical skills, familiarity with
technology and the social influence on Human—Robot Interaction acceptance [14]. The
oldest generation currently researched is not familiar with the sophisticated IT
solutions and presents a higher fear of technology. However, taking into consideration
the fact that it will take quite some time for assistive robots to become a mature
scientific field and reach its full potential, the real target group for the HRI is currently
in their 50s and use technology much more often than these target user groups did
20-30 years ago.
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The problems frequently highlighted in the elderly population group could be split into

these four major subcategories:
e Cognitive impairments
e Emotional and social withdrawal
e Everyday functioning problems
e Senses deterioration

Even a slight deterioration in one subcategory influences the other ones and reduces
the quality of life of the elderly person. Therefore the provided help should not only
target the mostly impaired subcategory but also focus on maintaining the relatively

preserved ones on a constant level.

Age associated memory impairments (AAMI), which are mostly subjective complains
on the decline of cognitive functions, are vastly observed in the elderly user group (up
to 50% in the “60 - 69 years old” group, but already 85% in the “more than 85 years
old” group [15], [16], [17], [18]). Some of the AAMI cases are followed by brain tissue
deterioration that can be observed in neuroimaging, but on the most part they don’t
show up in the results of psychological tests. These people report cognitive
impairments which can’t be detected by standard neuropsychological tools although
such impairments are present in their everyday functioning. This is called “The Einstein
effect” and it has been described in the high functioning group due to these people’s

very efficient compensation mechanisms [19].

Emotional and social withdrawal is mostly connected with the gradual decreasing
mobility capabilities of the person as well as sociological changes in the structure of
our society. The multigeneration type of family is nowadays replaced by a nuclear
family pattern which inevitably creates a generation gap and reduces the number of
close relatives. The economy of the developed countries has forced their residents to
travel for work which in turn reduced the already limited amount of social interaction
between generations. The elder generation tries to overcome such void with peer
interaction but as the time goes by, the increased amount of deaths among their

closest friends, results into increased feelings of social exclusion. Although nowadays’
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enhanced technological advancements provide the possibility for communication with
the remaining family members regardless of their location, elderly people hardly ever
use such channels of communication due to low self-esteem and restricted learning

mechanisms.

Everyday functioning problems occur due to the decreased physical capability and
executive function impairments of the elderly. Within the normal and successful
ageing group only the physical inabilities have an impact on everyday functioning.
Elderly people are usually coping with housework and everyday problems by slowing
the pace of their actions. Providing them with a little help such as meals-on-wheels,
incoming nurses or caregivers is adequate to maintain the previous independent

functioning.

The authors of the recent World Alzheimer’s Report 2015 [20] underline that within
European countries, the differences in the care provided to the elderly residents are
profound. The increasing and dominating institutionalized type of care in the Western
Europe is in opposition to the home care provided in Eastern Europe. These two
distinctly different patterns of care are the result of the economic differences between
regions as well as the demographic changes and particularly the decrease of the birth

rate.

This differential pattern of care provision creates a two-speed society. While on one
hand, the institutionalized help pattern provides inherent social contact with a wide
group of people, on the other hand there is little contact with individual family
members. The level of needed medical care and professional therapy is higher while
the need for performing everyday activities such as cooking, cleaning and shopping

decreases.

The exact opposite pattern is observed in the Eastern Europe, where the non-
institutionalized pattern of care is dominating. Elderly people stay either with their
children or in their own apartments but they are looked after by their children if and
when necessary. However, in both cases, the main unfulfilled need is staying
independent while not feeling (to be) a burden to their families (economically,

emotionally and physically).
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It is estimated that almost 70% of the elderly people need different kinds of aids due
to the deterioration of their sensory organs [13], [21], [22]. They majority suffers from
disturbed eyesight due to different medical conditions such as cataract and short or
long sightedness. The second most often deterioration is deafness. They both have
significant impact on the person’s everyday functioning, especially on the quality of
the person’s social interactions. For example, it is hard for younger people to imagine
the depths of these impairments and they do not adjust their voice to the needs of
the elder generation. Not only the volume but also the pitch, the pace and the clarity
of speech is crucial for the correct understanding of the spoken language. Most of the
elderly people withdraw from the social contacts due to fear of inadequate reactions,

as well as fear of being mocked, fooled or used.

2.2 Designing for the elderly

Several user studies showed that elderly people and their families regard social
inclusion, safety and home automation as important features of future homecare
environments. With respect to interaction in such environments, one of the main
research challenges is the design of adequate user interfaces. This is due to the fact
that elderly people vary considerably in their physical and cognitive abilities, which
makes it difficult to use traditional interaction models [23]. Focusing on single
interaction strategies may not always provide appropriate solutions [24], as many
older computer users are affected by multiple disabilities, and such multiple minor

(and sometimes major) impairments can interact.

To address this problem various authors developed intelligent user interfaces, which
support users according to their individual needs. For example, [25] introduces a
spatial metaphor for universal control devices to structure available services based on
the elderly person’s own apartment. The results of the study showed that the
Apartment Metaphor is actually appropriate to enable elderly people to access a large
number of services available in an AAL environment in an intuitive way. The metaphor

showed a way for structuring and visualizing services in a universal control device.

Furthermore, [26] presented a novel general framework for multimodal dialogue

processing, which is conceived following an application-independent philosophy. In
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fact, it is able to manage multimodal communication between people and the
environment in different application scenarios. The core of framework architecture is
composed of the analysis and planning levels, which enable the processing of
information derived from whatever input modalities, giving these inputs an
appropriate representation and integrating these individual representations into a

joint semantic interpretation.

Finally, [27] presents a prototype for a Web 2.0-enabled ambient assisted living (AAL)
device that offers easy-to-use functionality to help elderly people keep and establish
new contacts, find events that match their interests and be aided in sustaining their
mobility. The prototype consists of a hardware device for mobile usage feasible to
host the desired functionality while being adequate for the use by elderly people. An
internet tablet was selected accommodating a large touch screen. The study focuses
on analyzing all possible transportation routes of a local city or area and providing to
the elders the most convenient way of transportation for their desired destination.
Based on either an event suggestion or a contact person, the users of the device could
have a travel advisory calculated to reach the event or person. For routing, any
applicable means of transportation were taken into consideration. For example, taxi
services that do not offer handicapped accessible vehicles were excluded for a person
who used a wheelchair. Also, the maximum distance a person can walk could be

specified.

Intelligent user interfaces can have many different manifestations. The field of
Ambient Intelligence (Aml) has contributed towards the utilization of different
modalities and interaction metaphors in order to achieve natural interaction and
increase the level of acceptance of modern technology by the older users. The
emergence of Ambient Intelligence is leading to the elaboration of new interaction
concepts that extend beyond current user interfaces based on the desktop metaphor
and menu driven interfaces, thus driving a transition to more natural and intuitive
interaction with everyday things [28]. Natural interaction refers to people interacting
with technology as they are used to interact with the real world in everyday life,
through gestures, expressions, movements, etc., and discovering the world by looking

around and manipulating physical objects [29]. Typical examples are input techniques
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such as touch, gestures, head and body position tracking and manipulation of physical
objects, which seamlessly integrate the physical and digital worlds and support the
direct engagement of the user with the environment [30]. Augmented Reality (AR)
allows virtual imagery to augment and enhance physical objects in real time. Users
may interact with the virtual images using real objects in a seamless way [31]. Progress
in computer vision approaches largely contributes to innovative interaction in Aml
environments through techniques such as like image acquisition, image processing,
object recognition (2D and 3D), scene analysis, and image flow analysis, which can be
exploited for humans’ and objects’ recognition and tracking [32]. At the same time,
ICT components are embedded into everyday objects like furniture, clothing, white
goods, toys, etc. [33]. Augmented objects can be used for providing implicit or explicit
input to systems while their physical and mental existence as computational devices
disappears [34]. Ambient interaction merges real and virtual worlds to produce new
environments and visualizations where physical and digital objects co-exist and
interact in real time. Additionally, in Ambient Intelligence environments interaction is
monitored and implicit input is also extended to include empathy to understand

human'’s feeling or states.

2.2.1 The elderly and Touch-based interaction

The elderly user group is a very special user group due to the heterogeneity that
appears among its users. Old age takes its toll on people, while introducing numerous
types of impairments and minor or major disabilities. Thus, researchers have focused
on finding techniques to facilitate the elderly when interacting with touch or gesture
— based interactive applications. These research findings support the preliminary

hypotheses one would make about the elderly.

Nicolau et al. [35] while performing research on elderly text-entry performance on
touch screens found that an optimal inter-key threshold must be defined and key
presses inside this timeframe should be considered to be insertion errors and should
be discarded. This inter-key threshold varies in respect to the device that is being used.
The research showed that the optimal inter-key threshold should be about 100ms
when using mobile phones and 150ms when using tablets. Moreover, tablet devices
were found to compensate some of the challenges imposed by mobile devices, either
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due to larger key sizes and/or due to static positioning. Significant decrease of both
insertion (1.7%) and substitution (4%) errors were observed when tablets were used.
Furthermore, the authors suggest that the elderly participants theoretically benefit
from a layout shift in the bottom-right direction as most substitution errors occur in
this direction and whenever possible keys should be wider instead of taller as width is
a more important factor that reduces errors. On the other hand, the spacebar was
suggested to be narrower, extending from the middle of key C to the middle of key B.
Finally, dealing with poor aiming was found to be more important than compensating
for finger slips and the use of language-based correctors was found to be beneficial as
cognitive errors were quite common among elderly users. Simple language-based
solutions were proven to provide a suitable answer to these types of errors (for
example, to deal with blank space omissions or substitution of similar letters such as

p—=2q, m2>w).

Kobayashi et al. [36] studied the interactions between the elderly and mobile touch
screens. Research showed that larger targets (8 mm or larger in size) should be used
while the gap between intended and actual touch locations should be addressed.
Moreover, the use of drag and pinch gestures should be considered rather than simple
taps and focus should be given to explicitly displaying the current mode of the

applications as the elderly seemed to become confused otherwise overtime.

Hollinworth et al. [37] investigated familiar interactions to help older adults learn
computer applications more easily. Research findings showed that familiar visual
objects should be used for interaction as well as familiar behaviors should be
attributed to these objects. Seldom used application functionality should be removed
while avoiding incorporating hidden functions. Familiar interfaces were found to help
in orienting older users with an application, and that functionality could be made more
explicit by exploiting prior knowledge and skills of the real world that people already
possess. Finally, actions in many cases should be made much simpler and easily
reversible, which can help to encourage novice users to explore what the applications

have to offer.

Wacharamanothan et al. [38] evaluated a new touchscreen input method for elderly
users with tremor, called swabbing. Swabbing is a selection method for touchscreens
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where all the selectable targets are placed on the circumference of a circle that is
inscribed in the desired selection area. The users are able to select a target by placing
their fingers in the center of the circle and then slowly moving towards the desired
target. The corresponding target that lies on the extension of the user’s finger
trajectory is calculated and then highlighted. The user can select any highlighted target
by lifting his finger before or even after having crossed the desired target. This
“sliding” technique was shown to reduce intentional tremor. The researchers found
that tapping is a viable choice for square targets that are at least 54 mm wide. When
the target width is smaller than 41 mm, swabbing becomes a better alternative. Thus,
elderly users with tremor may prefer a more accurate input method, even if it is

slower.

StoRel et al. [39] focused on mobile device interaction gestures for older users. They
found that gestures which are suitable for older users might be different from the ones
that are designed with younger users in mind. The researchers stated that if we want
to exploit the potential benefits that gesture-based interaction could bring about, we
need to carefully design interaction patterns suited to older people’s needs and

abilities.

Leonardi et al. [40] made an exploratory study of a touch-based gestural interface for
the elderly. They found that tap gestures (when applied to well-recognized objects)
are the easiest ones to understand and remember. However, the definition of the tap
(for example, how much time is allowed between touch and release) should be
carefully considered and possibly automatically adapted. Moreover, their research
showed that tapping on the background outside of an object to perform some actions
on that very object sounded unintuitive and should be avoided because the idea of
“tapping on nothing” (that is, on the background) is very difficult to communicate.
Furthermore, the authors suggest that objects should not be overloaded with actions
performed both by a tap and by a drag gesture because in case of insufficient pressure
or in case of false starts the two gestures may be easily confused. To this extent, for
drag gestures, a “natural” version should be implemented: when the touch is lost
during a drag the object should stay where it has been left rather than flying back to

its initial position. Iconic gestures (gestures that visually and analogically represent
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their meaning, e.g., drawing a rectangle to fire the “create new message” function)
were found to be very engaging and their hedonic value should not be underestimated
as a way to motivate users with high computer anxiety. On the other hand, a proper
setting of the time parameters of gestures is of paramount importance. In this respect,
the possibility of automatic adaptation by the system should be seriously considered
because of the large variability in touch performance by elderly people (due to age,
health-related issue, etc.). Finally, animations alone were not found to be effective in
signaling synchronous and asynchronous events on the interfaces and research
findings suggests that they should be accompanied by redundant information in other

modalities.

Finally, Jako et al. [41] investigated the effects of multimodal feedback on the
performance of older adults with normal and impaired vision. Their research showed
that non-visual feedback and additional feedback (in addition to visual) have the
potential to either maintain or improve task performance while the effectiveness of
non-visual feedback (and multimodal feedback generally) is more apparent as visual

acuity loss becomes more severe.

2.2.2 Speech Recognition and the elderly

Input through speech is not particularly new. Research has been conducted in this field
for years, and today thousands of commercial and research product have been
developed. Although much work has been done to date, the research field of human
language processing is more than active mainly due to the fact that modern speech
interfaces enable the communication through identification of simple voice
commands on a predefined grammar [42]. In the context of Ambient Intelligence,
although desirable, human language understanding is not crucial. However, it is crucial
to provide the means for error free detection of speech when such input is required
[43]. This is essential mainly because Ambient Intelligence aims at making the
interaction with computing technology transparent to the user from the one hand and
as affective as the usage of traditional means. It is therefore argued that the adoption
of new technologies resides at least on being as affective as the main stream

technologies used at the time of their presence [44].
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Furthermore when designing speech recognition systems for the elderly target user
group, its heterogeneity should be taken into account. Individual persons have
different individual needs based on their different age related health impairments.
Such impairments can affect the person’s speech capabilities which results either in
an increasingly limited vocabulary or fluctuations in their pronunciation clarity [45].
These limitations should be taken under consideration when designing the

parameterization properties of such speech engines.

2.2.3 Gesture Recognition and the elderly

Gestures are employed in the context of ambient intelligence for providing alternative
ways of user input in a human like fashion. Gestures when used in the context of
human to human communication are a quick and intuitive way of communication. On
the contrary, identifying human gestures in a computerized environment is not an
easy task. Research conducted in this field involves the usage of gestures for providing
input to augmented desk interface systems using multiple fingertips recognition
(identify fingertips and their trajectories and infer gestures based on these
trajectories) [46], [47]. In the same context, computer vision is used for identifying
hand gestures, facial expressions and body postures [48]. Furthermore, the usage of
thimble-shaped fingertip markers made of white printing paper with a ’black light’
source has been proposed for providing gesture recognition in the context of back
projection walls [49]. Finally, gaze recognition has been employed for facilitating

alternative gesture based input [50], [51], [52].

Furthermore the heterogeneity of the elderly user group implies various restrictions
when designing and developing gestural interaction modalities for the elder users.
Individual persons have different individual needs based on their different age related
health impairments. Such impairments can affect the person’s mobility capabilities
and cognitive functions which results in mobility restrictions in different body parts
and difficulties in remembering the specified gestures and the optimal way of
performing them. These limitations should be taken under consideration when

designing the parameterization properties of such gesture recognition engines.
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2.3 Design for All

The term “design for all” or “universal design” describes the concept of designing
environments, products and services to be accessible and usable to the greatest
extent possible by everyone, regardless of their age, abilities, disabilities or status in
life. The elderly user group in particular, is a very heterogeneous user group due to
the different impairments, limitations and disabilities that the elderly have. As a result,
when designing environments, products and services for the elderly the seven

principles of universal design [53] should be taken under consideration:

e Equitable Use. Equitable use refers to the fact that the design should be
marketable to people with diverse abilities. In order to achieve this we should
make sure to provide the same means of use for all users. Identical whenever
possible; equivalent when not. We should also avoid isolating or stigmatizing
any users. Provision for privacy, security, and safety should be made equally
available to all users. Finally the design should be made appealing to all.

e Flexibility in Use. Flexibility in use implies that the design should accommodate
a wide range of individual preferences and abilities. The users should be
provided with choices in methods of use. Both right and left access and use
must be accommodated. User’s accuracy and precision should be facilitated
and adaptability to the user’s pace should be provided.

e Simple and Intuitive Use. This principle implies that the use of the design
should be easy to understand, regardless of the user’s experience, knowledge,
language skills, or current concentration level. Thus unnecessary complexity
must be eliminated. The design should be consistent with user expectations
and intuition and a wide range of literacy and language skills must be
accommodated. The information should be arranged consistently with its
importance and effective and prompting feedback must be provided during
and after task completion.

e Perceptible Information. Perceptible information means that the design
communicates necessary information effectively to the user, regardless of
ambient conditions or the user's sensory abilities. In order to achieve that the

use of different modes (pictorial, tactile, verbal etc.) for redundant
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presentation of essential information is mandatory. Furthermore the design
must maximize the “legibility” of essential information and differentiate
elements in ways that can be described such as it will be made easy to give
instructions or directions. Finally compatibility with a variety of techniques or
devices used by people with sensory limitations must be provided.

e Tolerance for Error. In order for the design to be error tolerant, it should
minimize hazards and adverse consequences of accidental or unintended
actions. The design elements should be arranged in such a way that hazards
and errors are minimized which means that we should make accessible the
most used elements while isolating or shielding the others. Appropriate
warnings of hazards and errors must be provided along with fail safe features
in order to discourage unconscious action in tasks that require the
undistracted attention of the user.

e Low Physical Effort. The users should be able to use the design efficiently and
comfortably with a minimum of fatigue. To accomplish the low physical effort
principle, the user must be allowed to maintain a neutral body position and
use reasonable operating forces while minimizing repetitive actions and
sustained physical effort.

e Size and Space for Approach and Use. The design should provide the
appropriate size and space for approach, reach, manipulation and use
regardless of user’s body size, posture or mobility. In order to achieve this,
there should be provided a clear line of sight to important elements for any
seated or standing user. Moreover, the reach to all components should be
made comfortable. Variations in hand and grip size should be accommodated
appropriately while providing adequate space for the use of assistive devices

or personal assistance.

In the context of HCI, Design for All implies an explicit design focus on systematically
addressing diversity, as opposed to afterthoughts or ad hoc approaches [54]. In the
emerging Information Society, therefore, Universal Access becomes predominantly an
issue of design, and the question arises of how it is possible to design systems that

take into account diversity and satisfy the variety of implied requirements. Research
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work in the past two decades has highlighted a shift of perspective and
reinterpretation of HCl design, in the context of Universal access, from current
artifact-oriented practices towards a deeper and multidisciplinary understanding of
the diverse factors shaping interaction with technology, such as users’ characteristics
and requirements and contexts of use, and has proposed methods and techniques
that enable to proactively take into account and appropriately address diversity in the
design of interactive artifacts [54]. In the framework of such efforts, the concept of
design for all has been reinterpreted and redefined in the domain of HCI. One of the
main concepts proposed in such a context as a solution for catering for the needs and
requirements of a diverse user population in a variety of context of use is that of

automatic user interface adaptation [55].

2.3.1 Ul adaption for the elderly

Research efforts in the past two decades have elaborated comprehensive and
systematic approaches to Ul adaptations in the context of Universal Access and Design
for All [56]. The Unified User Interfaces methodology was conceived and applied [54]
as a vehicle to efficiently and effectively ensure, through an adaptation-based
approach, the accessibility and usability of Uls to users with diverse characteristics,
supporting also technological platform independence, metaphor independence, and
user-profile independence. In such a context, automatic Ul adaptation seeks to
minimize the need for a posteriori adaptations and deliver products that can be
adapted for use by the widest possible end-user population (adaptable Uls). This
implies the provision of alternative interface instances depending on the abilities,
requirements, and preferences of the target user groups, as well as the characteristics
of the context of use (e.g., technological platform, physical environment). The main
objective is to ensure that end-users are provided with the most appropriate Ul

instance at runtime, based both on group or individual characteristics.

As the elderly are a highly heterogeneous target user group, user interface adaptation
is crucial to ensure accessibility, usability and acceptance of interactive technologies
for the aging population. Various research efforts have investigated adaptable and

adaptive user interfaces for the elderly.
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Leuteritz et al. in [57] present an approach towards ensuring high quality interaction
for older users, building on personalisation and adaptation techniques. The purpose
is to facilitate the development of interactive applications and services for different
platforms, to develop various accessibility components that can be used across a
range of interaction devices, and to enable the personalisation of interaction, as well
as automatic tailoring-to-device capabilities and characteristics, thus offering an
individualised user experience. Leonidis et al. [58] proposes an adaptation
development toolkit and related widget library, which directly embeds lexical level
adaptations into common interactive widgets. The toolkit has been designed for the
development of adaptable applications for older users. An adaptable card game for
older users is described in [59]. The game cam modify its user interface, difficulty level

and playing mode according to the users’ profile.

A pattern-based approach to web forms adaptation for the elderly is presented in [60].
These patterns allow for dynamic substitution and/or augmentation of user interface
parts at runtime, with the goal of improving the individual usability for an elderly user
in a specific use context. This approach could eventually lead to highly personalized
web forms. A pattern-based approach is also adopted in [61], where usability
problems which may be caused by adaptations are investigated, including
disorientation and the feeling of losing control. Design strategies to overcome the
drawbacks of adaptations are proposed to increase the transparency and
controllability of run time adaptations. An experimental user study to investigate the
effectiveness and acceptability of the proposed patterns in different cost-benefit
situations and for different users is presented. The patterns turn out to increase the
transparency and controllability of adaptations during the interaction. They help users
to optimize the subjective utility of the system’s adaptation behavior. Moreover, the
results suggest that preference and acceptance of the different patterns depend on
the cost-benefit condition. Finally, [62] elaborates user requirements for Ul
adaptation of the elderly and stroke survivors. User requirements are defined for
general, physical/motor, sensory, cognitive, and environmental aspects. The user

characteristics found to be of most relevance for adaptive user interfaces are:
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e Physical/motor: personal mobility, hand strength, dexterity and finger
movement, muscular control including semi-paralysis and speech impairment.
Sensory: vision — diverse impairments, touch sensitivity and hearing
impairments.

e (Cognitive: memory impairments (long-term and working memory), reaction
time, thinking speed, literacy (including computer literacy), learning ability,

concentration, language comprehension and motivation.

A number of environmental characteristics are found to be important also: lighting
(adequacy, quality, controllability, glare, flickering), ambient noise, physical layout of
environment — devices — TV, remote, sensors, etc., and layout of controls — taking into

account cognitive, physical/motor and sensory limitations.

2.4 Human Robot Interaction

Human-robot interaction (HRI) is the study of interactions between humans and
robots. HRI is a relatively young discipline that has attracted the interest of many
researchers over the last years due to the increasing development of complex robotic
platforms and people’s affordance to such pieces of technology in their everyday lives.
Furthermore, robots are being used more and more in real world applications such as

eldercare, education, therapy or rehabilitation etc [63].

2.4.1 Interaction categories

Human—Robot Interaction (HRI) is a field of study dedicated to understanding,
designing, and evaluating robotic systems for use by or with humans. Interaction
between a human and a robot may require the use of different modalities and may
take several forms, but these forms are largely influenced by whether the human and
the robot are in close proximity to each other or not [64]. Hence, interaction can be

separated into two general categories:

e The first category is remote interaction, where the human and the robot are
not located in close proximity or are separated spatially or even temporally (for

example, the Mars Rovers are separated from earth both in space and time).
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e The second category is proximate interaction where the humans and the
robots are in close proximity with each other, for example service robots

usually are in the same room or house as their users.

The category in which the respective human-robot interaction falls can have different
implications on the quality of the interaction as well as limitations on the used
interaction modalities. For example, controlling a robot at a distance (in a remote
interaction scenario) using a fixed point depth camera has lower complexity and
higher accuracy than trying to implement the same interaction modality using a sensor
onboard the robot. In the latter approach, different factors have to be taken in
account, such as the distance between the operator and the robot, the relative
position between them and possibly other dynamically changing environmental

factors such as the relative position of the robot in its surroundings etc.

2.4.2 Interaction modalities

Dealing with uncertainty in sensing and real-time perception are some of the most
tricky and ongoing challenges of robotics. HRI faces particularly complex perceptual
challenges, because the perception, understanding, and reaction to human activity is
required in real-time. The range of sensor inputs for human interaction is far larger
than for most other robotic domains in use today. HRI inputs include vision and
speech, both major open challenges for real-time data processing. Computer vision
methods that can process human-oriented data such as facial expression [65] and
gestures [66] must be capable of handling a vast range of possible inputs and
situations. Similarly, language understanding and dialog systems between human
users and robots remain an open research challenge [67], [68]. Tougher still is to
obtain understanding of the connection between visual and linguistic data [69] and
combining them toward improved sensing [70] and expression [71]. Even in the cases
where the range of input for HRI-specific sensors is manageable, there is the added
challenge of developing systems that can accomplish the sensory processing needed
in a low-latency timeframe that is suitable for human interaction. For example, Kismet
[72], an animated robotic head designed for infant-like interactions with a human,
using object tracking for active vision, speech and prosody detection and imitation,
and an actuated face for facial expressions, required several computers running in
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parallel to produce engaging facial and speech behavior. The humanoid ASIMO has
been adapted to use a combination visual-auditory system for operation in indoor
environments [73]. ASIMQO’s subsystems were used for perception, planning, and
action with the goal of enabling human-robot interaction. Adding meaning to the
facial and physical expressions and speech, and combining all of those capabilities in
real time on a mobile, self-contained robot platform, is still an open research problem
in HRI. Even though most implemented HRI systems are necessarily domains-specific,
as all physical systems, they still require the additional step of generalization to make
them work beyond the research lab context. Computer vision solutions often depend
on specific lighting conditions [74], ambient colors [75], and objects in the scene [76].
Beyond the lab, either the environment must be constrained to match the acceptable
conditions for system operation [77], or the system capabilities must be extended in

order to meet the range of conditions in the specific destination environment [78].

In addition to robot sensors that mimic the functionality of human perception (speech
recognition, computer vision, etc.), sensors are being developed that cater for the
unique perceptual capabilities of robots. These sensors enable a machine to observe
people and the environment in ways that may be beyond human access. Physiological
signals, such as heart rate, blood pressure, galvanic skin response (GSR, the measure
of skin conductance using a galvanometer), provide information about the user’s
emotional state [79], [80], [81] that may not otherwise be observable. Work by Mower
et al. [82] used GSR as part of an HRI system to model and predict when a user is about
to quit a rehabilitation-type task. Body pose and movement are important sources of
information for social interaction [69]. For example, social and expressive gestures are
crucial components of human-human and human-robot interaction [83]. Computer
vision can provide such information in limited contexts. In others, wearable sensors
may be an effective means of obtaining human activity data in real time with high
accuracy [84]. Such wearable systems have been used in HRI tasks applied to physical
rehabilitation post-stroke [85], and for social interaction [86]. In addition to
developing new and improving existing sensors toward particular needs of HRI,
researchers are also developing algorithms for integrating multi-sensor multi-modal

data inherent to HRI domains [87], [88], [89], [90], [73]. For example, Kapoor and
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Picard [91] implemented an affect recognition system that applies Gaussian models to
fuse multiple sensors. Multi-modal sensing has also been used for a robot to detect
the attention of human users in order to determine if a user is addressing the robot
[92], integrating person tracking, face recognition [93], sound source localization [94],

and leg detection [95].

2.5 Introducing Human robot interaction in Aml
environments

2.5.1 Ambient Intelligence (Aml)

Although serious efforts have been made towards providing the citizens of the
emerging Information Society with seamless access to a large number of computer
applications, these attempts mainly focus on adapting traditional interaction
techniques to the context of use and the specific needs of the corresponding users.
On the other hand, Ambient Intelligence (Aml) promotes the vision that “smart”
environments should be able to react in an attentive, responsive, active and adaptive
way to the state and the actions of human beings and objects, providing them with
the appropriate services. Ambient Intelligence is an emerging field of research and
development that has managed to capture the attention of researchers and
developers, especially in Europe [96]. Ambient Intelligence is introducing a shift from
traditional interaction techniques to new, novel concepts of communication with
computer systems. Aml targets to distribute, embed, coordinate and interactively
deliver computing intelligence within the surrounding environment. Aml technologies
integrate sensing capabilities, processing power, reasoning mechanisms, networking
facilities, applications and services, digital content, and actuating capabilities
distributed in the surrounding environment. Aml will have profound consequences on
the type, content and functionality of the emerging products and services, as well as
on the way people will interact with them, bringing about multiple new requirements
for the development of the Information Society. While a wide variety of different
technologies is involved, the goal of Aml is to either hide the presence of technology
from users, or to smoothly integrate it within the surrounding context as enhanced

environment artifacts. This way, the computing-oriented connotation of technology
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essentially fades-out or disappears in the environment, providing seamless and
unobtrusive interaction paradigms. Therefore, people and their social situation,
ranging from individuals to groups, and their corresponding environments (office
buildings, homes, public spaces, etc.), are at the center of the design considerations

[96].

Aml environments are designed to be unobtrusive, interconnected, adaptable,
dynamic, embedded, and last but not least intelligent. In these environments, the old
fashioned computer input and output devices disappear and are subtly substituted by
other means of interaction. Instead, processors and sensors are integrated in everyday
objects and tangible artifacts. So, for example, instead of using keyboards and
computer screens, users are given the possibility and the opportunity to communicate
directly with their clothes, household devices, and furniture. Moreover, entities may
be able to communicate with each other and with other people’s devices and
furniture. The envisioned Aml environment is sensitive and dynamically aware of the
needs of its inhabitants, and capable of anticipating their needs and behaviors. It is
continuously aware of their personal requirements and preferences context-wise, and
interacts with people in a user-friendly way, even capable of expressing, recognizing

and responding to emotion [97].

The Aml environment is constituted of embedded and embodied low-cost hardware,
providing advanced networks of heterogeneous information appliances or smart
tangible artifacts. These artifacts can assist users in their everyday activities.
Moreover, they can demonstrate common sense and problem-solving ability either
individually or as a whole, and assume responsibility or take action for certain needs
of the users such as monitoring, alerting and helping them in their tasks. Advances in
Aml are facilitated or sometimes even enabled for the first time by the long-term
increases in the power of microprocessors, their continuous struggle for a declining
pattern in their power consumption and nanotechnology, as well as the cost-efficiency

of storage capacities and communication bandwidths.

One domain application of ambient intelligence that has attracted much attention is
support for independent or semi-independent living for the elderly. As human life
expectancy has increased through improvements in public health and lifestyle, more
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and more people live long enough to age and in some cases to suffer from ageing-
related problems. In this context, the application of ambient intelligence is anticipated

to be very promising.

2.5.2 Ambient Assisted Living

Smart Environments also called Smart Homes or Smart Houses are often topics of
research projects such as, e.g., GENIO [98], MavHome [99], iDorm [100], etc. People
with disabilities in particular could benefit most from such environments, as they offer
basic assistive functionalities enabling increased independence and personal freedom

and hence resulting in improved quality of life.

Facilitating the elderly in Smart Environments often requires the participation of other
individuals such as relatives, other members of the family or even dedicated care

givers.

An assisted living residence or assisted living facility (ALF) is a housing facility for
people with disabilities. These facilities provide assistance supervision for people,
normally seniors, for whom independent living is no longer appropriate, but who do
not need the 24-hour medical care provided by a nursing home. Assisted living is a
philosophy of care and services promoting independence and dignity [101]. Assistance
may include the administration or supervision of medication, or personal care services

provided by trained staff.

The term “Ambient Assisted Living” (AAL) refers to the meaningful usage of
information and communication technologies so as to improve the quality of life of
older people by giving them safety and comfort to stay longer at home [102]. The
demographic changes over the last decades concerning the unequal growth of the
population of people crossing into the third age territory have pointed out the need
for a turn to Ambient Intelligence (Aml) concepts and technologies to support people
in maintaining their well-being. These Aml concepts and technologies should address
user needs by focusing on the safety and protection of the personal environment,

while stimulating and enabling elderly people to maintain an active lifestyle.
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Statistics from the World Health Organization indicate that the percentage of people
who fall each year increases accordingly to their age. About a third of those who fall
suffer injuries that reduce mobility and independence and increase the risk of
premature death. In addition, depression, fear of falling and other psychological
problems are common consequences of repeated falls. Within this context, it is clear
that there is an important role for intelligent environments to provide a feeling of
safety and protection by means of continuous contextual monitoring and immediate

response in case of events with high health risks.

The process of normal aging inevitably introduces several forms of physical decline
and cognitive impairment. Such functional limitations can lead to situations of
reduced mobility and in turn to reduced social interaction. Aml environments can
improve the feeling of self-efficacy by offering solutions for stimulating physical and

cognitive fitness and enabling active participation in society.

Improving the quality of life for physically or cognitively impaired people and the
constantly increasing proportion of the elderly is becoming a more and more essential
task for today’s European societies. From the perspective of an inhabitant, it is
essential to keep in mind that residents consider their home to be a comfortable and
safe place to live in. Technology is often considered to be an intruder in this
environment [103]. In particular, the elderly may be afraid of technology mostly
because it makes them feel that they are losing control over their house. Some people
even fear the use of technology in their home. So the terms “technology” and “home
environment” are not always a perfect fit [104]. When it comes to ambient assisted
technology for the elderly and impaired people, another aspect must be taken under
consideration. Many solutions are proposed to support people in everyday activities,
but it is also important to provide the users with solutions that increase their
participation in their everyday life. For example, instead of a digital “majordomo” who
acts on behalf of the owner and takes care of everything automatically, it is equally
important and sometimes preferable to provide the users with a digital assistant who
tries to help them achieve the desired results and fulfill their everyday tasks more
effectively. The goal of equipping the home environment with technology isn’t just to

automate all the tasks that are usually carried out by the residents. The main objective
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in design is to provide tools and services that empower and enable people themselves
to address their social, rational, and emotional needs. Equality, autonomy, and control

are the goals of empowering design.

An ambient assisted living environment can provide a constantly monitored space,
thus resulting into a safer householder (activity monitoring), automate specific tasks
that a householder is unable to perform on his own (e.g., turning electrical appliances
on or off) and provide a safer and potentially more secure environment by alerting the
resident of potentially dangerous activities. Furthermore, it can alert helpers or care
givers should the inhabitant be in a potentially dangerous, hazardous or life
threatening situation (e.g., through linking to a local community alarm scheme). The
aim and primary goal is to enable and empower the user, as well as support the
independent living of householders (by giving prompts that can be auditory and/or

visual).

2.6 Enhanced Human robot interaction through
Adaptation

2.6.1 Adaptation based on modality selection

In today’s pursuit of more transparent, flexible, and efficient human-computer
interaction, a growing interest in multimodal interface design has emerged [105]. The
goals are twofold: to achieve an interaction closer to natural human-human
communication, and to increase the robustness of the interaction by using redundant

or complementary information.

Multimodal systems are radically different from standard GUIs, largely because of the
nature of human communication, and their basic architecture reflects these
differences. Whereas input to GUIs is atomic and certain, machine perception of
human input such as speech and gesture is uncertain, so any recognition-based
system’s interpretations are probabilistic. This means that what were formerly basic
events in a GUI, such as object selection, now are events that require recognition and
are subject to misinterpretation. Secondly, whereas standard GUIs assume a sequence

of discrete events, such as keyboard and mouse clicks, multimodal systems must
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process two or more continuous input streams that frequently are delivered

simultaneously [106].

Multimodal systems have been shown to be more efficient, reliable and robust than
traditional systems, e.g., [107], [108], [109], [110]. However, there are also
contradictory findings: For instance, it has been shown that although multimodality
may lead to higher perceived quality, users often do not use multimodal interaction
strategies and instead stick to one input modality [111], [112], [113]. A possible
explanation for these ambiguous results may be found in the fundamental differences
of the systems used in these studies: the majority of experiments supporting the
advantages of multimodal interaction where either focusing on spatial-verbal tasks
investigating parallel speech-pen resp. speech-gesture input or on the effects of

multimodal and/or multimedia output [109], [110].

Based on the aforementioned findings this research work focuses not just on providing
alternative modalities for the users and thus relying to the user to select which
modality to use, but rather integrates logic to the system making it capable of selecting
at run-time the most appropriate modality based on the profile of the user and the

environmental situation.

2.6.2 Adaptation based on parameterization of the selected

modalities

Taking a step further from modality selection research has been also conducted into
the appropriate parameterization that should happen to a selected modality so as to
best suit the needs of each specific user. This is considered a complementary step to
the one of modality selection following the pattern “First introduce logic to select the
most appropriate modality and then perform another step where the modality itself

is adapted to the requirements of the user”.

2.6.3 Fusing modalities

But what happens if more than one modalities are active concurrently? This is not
covered both from the perspective of modality selection and from the one of modality

adaptation. An architectural approach, which is appropriate for the integration of
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modalities like speech and gesture, involves fusing the semantic meanings of input
signals. The two input signals do not need to occur simultaneously, and they can be
recognized independently. This semantic fusion architectural approach requires less

training data, and entails a simpler software development process [114].

As an illustration of the semantic fusion approach is provided by the QuickSet
multimodal architecture and information processing flow. QuickSet is an agent-based,
collaborative multimodal system that runs on personal computers ranging from
handheld to wall-sized [115]. The basic system has been developed in conjunction
with a variety of map-based applications, including medical informatics, military
simulation and training, 3D virtual-terrain visualization, and disaster management
[115], [116]. QuickSet enables a user to create and position entities on a map or virtual
terrain with speech, pen-based gestures, and/or direct manipulation. These entities
then are used to populate a simulation or other map-based application. The user can
create map-based objects by speaking their names and distinguishing characteristics,
while simultaneously using a pen to designate information like location, number, and

shape.

2.6.4 Guidelines to design for modality selection, adaptation and

fusion
An accomplished practice in HCl is the usage of guidelines to support the design of
interactive systems. The term “guideline”, in the present context, entails all forms of
abstract or concrete recommendations that can be used to design interactive
software. Guidelines can be expressed as general and domain independent
recommendations [117] or platform-specific style guides [118], [119], [120], [121] or
experience-based usability heuristics [122], [123].Guidelines can be embedded in
reference manuals and standards, or can be part of the corporate culture and practice

of an organization (i.e., customized corporate design wisdom).

£

The following definition of guideline is adopted in the context of this thesis: “any
design and/or evaluation principle to be observed in order to get and/or guarantee
the usability of a user interface (Ul) for a given interactive task to be carried out by a

given user population in a given context” [124]. This section presents a set of
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guidelines that were used during the design of the multimodal interaction capabilities

supported by this research work [125].

2.64.1 Guideline 1: Design for broadest range of users and

contexts of use.

Designers should become familiar with users’ psychological characteristics (for
example, cognitive abilities, motivation), level of experience, domain and task
characteristics, cultural background, as well as their physical attributes (for example,
age, vision, hearing). An application will be valued and accepted if it can be used by a
wide population and in more than one manner. Thus, multimodal designs can aid in
extending the range of potential users and uses, such as when redundancy of speech
and keypad input enables an application to be used in dark and/or noisy

environments.

2.6.4.2 Guideline 2: Take into consideration and appropriately

address privacy and security issues.

Users should be recognized by an interface only according to their explicit preference
and not be remembered by default. In situations where users wish to maintain privacy
by avoiding speech input or output, multimodal interfaces that use speech should also
provide a non-speech mode to prevent others from overhearing private

conversations.

2.6.4.3 Guideline 3: Maximize human cognitive and physical
abilities.
Designers need to determine how to support intuitive, streamlined interactions based

on users’” human information processing abilities (including attention, working

memory, and decision making) for example:

e Avoid unnecessarily presenting information in two different modalities in
cases where the user must simultaneously attend to both sources to
comprehend the material being presented [126], [127]; such redundancy can

increase cognitive load at the cost of learning the material [126].
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e Maximize the advantages of each modality to reduce user’s memory load in
certain tasks and situations, as illustrated by these modality combinations
[128], [129]:

o System visual presentation coupled with user manual input for spatial
information and parallel processing;
o System auditory presentation coupled with user speech input for state

information, serial processing, attention alerting, or issuing commands.

2.6.4.4 Guideline 4: |Integrate modalities in a manner
compatible with user preferences, context, and system

functionality.

Additional modalities should be added to the system only if they improve satisfaction,

efficiency, or other aspects of performance for a given user and context.
When using multiple modalities:

e Match output to acceptable user input style (for example, if the user is
constrained by a set grammar, do not design a virtual agent to use
unconstrained natural language);

e Use multimodal cues to improve collaborative speech (for example, a virtual
agent’s gaze direction or gesture can guide user turn-taking);

e Ensure system output modalities are well synchronized temporally (for
example, map-based display and spoken directions, or virtual display and non-
speech audio);

e Ensure the current system interaction state is shared across modalities and
that appropriate information is displayed in order to support:

o Usersin choosing alternative interaction modalities;
o Multi-device and distributed interaction;

o System capture of a user’s interaction history.

2.6.4.5 Guideline 5: Integrate Adaptivity.

Multimodal interfaces should adapt to the needs and abilities of different users, as

well as different contexts of use. Dynamic adaptivity enables the interface to degrade

70




FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

gracefully by leveraging complementary and supplementary modalities according to
changes in task and context. Individual differences (for example, age, preferences,
skill, sensory or motor impairment) can be captured in a user profile and used to

determine interface settings such as:

e Allowing gestures to augment or replace speech input in noisy environments,
or for users with speech impairments;

e QOvercoming bandwidth constraints (for example, local direct manipulation
replaces gaze input that must be analyzed remotely);

e Adapting the quantity and method of information presentation to both the

user and display device.

2.6.4.6 Guideline 6: Be consistent.

Presentation and prompts should share common features as much as possible and
should refer to a common task including using the same terminology across

modalities. Additional guidelines include providing consistent:

e System output independent of varying input modalities (for example, the same
keyword provides identical results whether user searches by typing or
speaking);

e Interactions of combined modalities across applications (for example,
consistently enable shortcuts);

e System-initiated or user-initiated state switching (for example, mode
changing), by ensuring the user’s interaction choices are seamlessly detected
and that the system appropriately provides feedback when it initiates a

modality change.

2.6.4.7 Guideline 7: Provide feedback.

Users should be aware of their current connectivity and know which modalities are
available to them. They should be made aware of alternative interaction options
without being overloaded by lengthy instructions that distract from the task. Specific
examples include using descriptive icons (for example, microphone and speech

bubbles to denote click-to-talk buttons), and notifying users to begin speaking if
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speech recognition starts automatically. Also, confirm system interpretations of whole

user input after fusion has taken place [130], rather than for each modality in isolation.

2.6.4.8 Guideline 8: Provide the appropriate error

Prevention/Handling mechanisms.

User errors can be minimized and error handling improved by providing clearly
marked exits from a task, modality, or the entire system, and by easily allowing users
to undo a previous action or command. To further prevent users from guessing at
functionality and making mistakes, designers should provide concise and effective

help in the form of task-relevant and easily accessible assistance.
Some specific examples include [131]:

e Integrate complementary modalities in order to improve overall robustness
during multimodal fusion, thereby enabling the strengths of each to overcome
weaknesses in others;

e Give users control over modality selection, so they can use a less error-prone
modality for given lexical content;

e If an error occurs, permit users to switch to a different modality;

e Incorporate modalities capable of conveying rich semantic information, rather
than just pointing or selection;

¢ Fuse information from multiple heterogeneous sources of information (that is,
cast a broad “information net”);

e Develop multimodal processing techniques that target brief or otherwise

ambiguous information, and are designed to retain information.

2.7 Existing Technologies

2.7.1 The Robot Operating System (ROS)

The Robot Operating System (ROS) is a flexible framework for writing robot software.
It is a collection of tools, libraries, and conventions that aim to simplify the task of

creating complex and robust robot behavior across a wide variety of robotic platforms.
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ROS is an important asset in the robotics filed of research because creating truly
robust, general-purpose robot software is a hard task. From the robot's perspective,
problems that seem trivial to humans often vary wildly between instances of tasks and
environments. Dealing with these variations is so hard that no single individual,

laboratory, or institution can hope to do it on their own [132].

As a result, ROS was built from the ground up to encourage collaborative robotics
software development. For example, one laboratory might have experts in mapping
indoor environments, and could contribute a world-class system for producing maps.
Another group might have experts at using maps to navigate, and yet another group
might have discovered a computer vision approach that works well for recognizing
small objects in clutter. ROS was designed specifically for groups like these to

collaborate and build upon each other's work, as is described throughout this site.

ROS is used by students of all ages, from kids interacting with robots in museum
exhibits to graduate students learning about the latest solutions to common robotics
problems. ROS supports such a wide variety of robots, including low-cost platforms
like the TurtleBot and LEGO Mindstorms, hence ROS is especially well-suited to

classroom use and rapid prototyping [133].

ROS is an open-source, meta-operating system for robots. It provides the services one
would expect from an operating system, including hardware abstraction, low-level
device control, implementation of commonly-used functionality, message-passing
between processes, and package management. It also provides tools and libraries for
obtaining, building, writing, and running code across multiple computers. ROS is
similar in some respects to 'robot frameworks,' such as Player!, YARP?, Orocos?,

CARMEN?, Orca®, MOOS®, and Microsoft Robotics Studio’.

! http://playerstage.sourceforge.net/

2 http://eris.liralab.it/yarp/

3 http://www.orocos.org/

4 http://carmen.sourceforge.net/

> http://orca-robotics.sourceforge.net/

% http://www.robots.ox.ac.uk/~mobile/MOOS/wiki/pmwiki.php

7 https://www.microsoft.com/en-us/download/details.aspx?id=29081
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The ROS runtime "graph" is a peer-to-peer network of processes (potentially
distributed across machines) that are loosely coupled using the ROS communication
infrastructure. ROS implements several different styles of communication, including
synchronous RPC-style communication over services, asynchronous streaming of data

over topics, and storage of data on a Parameter Server.

The goal of ROS is not to be a framework with the most features but to support code
reuse in robotics research and development. ROS is a distributed framework of
processes (aka Nodes) that enables executables to be individually designed and
loosely coupled at runtime. These processes can be grouped into Packages and Stacks,
which can be easily shared and distributed. ROS also supports a federated system of
code Repositories that enable collaboration to be distributed as well. This design, from
the filesystem level to the community level, enables independent decisions about
development and implementation, but all can be brought together with ROS

infrastructure tools. However, there are several other goals of the ROS framework:

e Thin: ROS is designed to be as thin as possible so that code written for ROS can
be used with other robot software framewaorks. A corollary to this is that ROS
is easy to integrate with other robot software frameworks: ROS has already
been integrated with OpenRAVE, Orocos, and Player.

e ROS-agnostic libraries: the preferred development model is to write ROS-
agnostic libraries with clean functional interfaces.

e Language independence: the ROS framework is easy to implement in any
modern programming language. It is already implemented in Python, C++, and
Lisp, and there are experimental libraries in Java and Lua.

e Easy testing: ROS has a built-in unit/integration test framework called rostest
that makes it easy to bring up and tear down test fixtures.

e Scaling: ROS is appropriate for large runtime systems and for large

development processes.
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2.7.2 FORTH’s Ambient Intelligence Network Environment
(FAmMINE)

An Aml infrastructure aims to support users in carrying out their everyday life activities
by offering them an easy and natural way for interacting with the digital services that
are provided by the hidden interconnected computing systems. In this respect, Aml
environments provide the means to sense and construe the actions that serve the
needs of their users in order to offer a personalized, context-sensitive and efficient
interaction platform. In an environment where interactions are realized by the
confluence of different interconnected computing systems, the organization of the
overall system architecture to a well-defined set of distributed software entities is

crucial.

FAMINE (FORTH’s AMI Network Environment) [134], is a service middleware which
has been implemented in the context of the FORTH-ICS AmI Programme, and provides
the necessary functionality for the intercommunication and interoperability of
heterogeneous services hosted in an Aml Environment. It encapsulates mechanisms
for service discovery, event driven communication, remote procedure calls, etc.,
supporting a plethora of programming languages and frameworks, i.e., the .NET

languages family, Java, Active Script, ANCI C++, Python, etc.

2.7.3 Programming Environments and Tools

Choosing a programming language depends on one’s language experience and the
scope of the application for which the language is needed. While small applications
are often created using only one language, it is not uncommon to develop large
applications using multiple languages. For example, when extending an application
with existing XML Web services, a scripting language may be used with little or no
programming effort. For client-server applications, a single language for the entire
application based on one’s experience is a safer choice. For new enterprise
applications, where a large team of developers create components and services for
deployment across multiple remote sites, the best choice might be to use several

languages depending on developer skills and long-term maintenance expectations.
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The .NET Platform programming languages — including Visual Basic .NET, Visual C#,
Managed Extensions for C++, and many other programming languages from various
vendors — use .NET Framework services and features through a common set of
unified classes. The .NET unified classes provide a consistent method of accessing the
platform's functionality. All tasks follow the same uniform architecture eliminating the

need to learn and master different APl architectures to develop different applications.

In most situations, any of the Microsoft programming languages would suffice.
Nevertheless, each programming language has its relative strengths and the final
language selection should be based on the understanding of the features unique to

each language.

2.7.3.1 C#, XAML and WPF

Visual C# (pronounced C sharp) is designed to be a fast and easy way to create .NET
applications, including Web services and ASP.NET Web applications. Applications
written in Visual C# are built on the services of the common language runtime and

take full advantage of the .NET Framework.

C# is a simple, elegant, type-safe, object-oriented language recently developed by
Microsoft for building a wide range of applications. It is a language relatively easy to
adapt to, given any experience with C and similar languages. It is designed to bring
rapid development to C++ programmers without sacrificing the power and control
that are a hallmark of C and C++. Because of this heritage, C# has a high degree of
fidelity with C and C++, and developers familiar with these languages can quickly
become productive in C#. C# provides intrinsic code trust mechanisms for a high level
of security, garbage collection, and type safety. Furthermore it supports single
inheritance and creates Microsoft intermediate language (MSIL) as input to native

code compilers.

C# is fully integrated with the .NET Framework and the common language runtime,
which together provide language interoperability, garbage collection, enhanced
security, and improved versioning support. It simplifies and modernizes some of the
more complex aspects of C and C++, notably namespaces, classes, enumerations,

overloading, and structured exception handling. It also eliminates C and C++ features
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such as macros, multiple inheritance, and virtual base classes. For current C++

developers, C# provides a powerful, high-productivity language alternative.
Visual C# provides prototypes of some common project types, including:

¢ Windows Application.

e C(lass Library.

¢ Windows Control Library.
e ASP.NET Web Application.
e ASP.NET Web Service.

¢ Web Control Library.

e Console Application.

o Windows Service.

Windows Presentation Foundation (WPF) is a unified presentation subsystem for
Windows, exposed through WinFX, the managed-code programming model for
Windows Vista that extends the Microsoft .NET Framework. WPF provides developers
with a unified programming model for building rich Windows smart client user
experiences that incorporate Ul, media, and documents. It consists of a display engine
and a managed-code framework. WPF unifies how Windows creates, displays, and
manipulates documents, media, and user interface (Ul), enabling developers and
designers to create visually pleasing, differentiated user experiences. WPF is based on
managed code but uses a markup language, Extensible Application Markup Language

(XAML), to make building applications much easier for designers.

The core of WPF is a resolution-independent and vector-based rendering engine that
is built to take advantage of modern graphics hardware. WPF extends the core with a
comprehensive set of application-development features that include Extensible
Application Markup Language (XAML), controls, data binding, layout, 2-D and 3-D
graphics, animation, styles, templates, documents, media, text, and typography. WPF
is included in the Microsoft .NET Framework, so that other elements of the .NET

Framework class library can be easily incorporated.

Extensible Application Markup Language, or XAML (pronounced "zammel"), is an XML-
based markup language developed by Microsoft. XAML is part of the Microsoft
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Windows Presentation Foundation (WPF). WPF is the category of features in the
Microsoft .NET Framework that deal with the visual presentation of Windows-based

applications and Web browser-based client applications.

o 7 s WPF and XAML selection rationale

WPF is a second generation GUI and most importantly it makes use of the modern
video hardware nearly all machines have. The Windows Forms APl was invented in the
days when graphics cards were simple and it makes very little use of hardware
graphics acceleration. WPF, on the other hand, uses the DirectX rendering engine and
this does make use of graphics acceleration. It also means that WPF has access to a
wide range of visual effects for full 3D presentation, including meshes, materials,

lights, textures and so on.

All of the elements of any Ul created using WPF are rendered using vector graphics,
rather than bitmaps, which means that they display at the highest resolution the
display device supports. It is also a “retained” mode graphics system which makes
anything drawn on a form persistent without having to redraw it. For example, if a line
is drawn on a form and the form is minimized, the line is still there when the form is
restored and the developer doesn’t have to redraw it. Retained mode allows the

graphics system to optimize the display process.

WPF also implements a better and more sophisticated event system. It also supports
Ul features that make it easier to implement advanced architectures like MVC. In
particular WPF supports data binding which will automatically display and update data

bound to Ul controls.

WPF is designed to allow you to create dynamic, data driven presentation systems.
Every part of the system is designed to create objects through property sets that drive
behavior. Data binding is a fundamental part of the system, and is integrated at every
layer. Traditional applications create a display and then bind to some data. In WPF,
everything about the control, every aspect of the display, is generated by some type
of data binding. The text found inside a button is displayed by creating a composed

control inside of the button and binding its display to the button’s content property.
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The most obvious feature of WPF is XAML and it is worth pointing out that even
though XAML is central to the way most people use WPF, WPF can be used without
XAML. There are .NET classes for each and every WPF component that is available.
For example besides the <Button> tag there is a Button class within the framework
(not to be confused with the Windows Forms Button class). In fact there has to be a
framework class for everything in XAML because XAML is just an object creator and
initialization language. XAML is always converted to framework objects, properties
and methods. This means that the exact same objects can be created and work with

their properties and methods without any XAML.

2.8 Discussion

This chapter has provided an overview of various research studies that have been
carried out in the context of psychological aspects on the functioning of elderly
people. Furthermore it has examined the different multimodal interaction techniques
in ambient assisted living environments targeting the elderly and discussed the
challenges that the elderly target user group imposes on the design. Moreover, it
presented the aspects of human robot interaction in ambient intelligence
environments and discussed the different adaptation options that that the multimodal
interaction paradigm has to offer. Finally, it discussed existing technologies regarding
the human robot and intelligent environment interaction as well as state of the art

programming environments and tools in the same context.

Although robotic platforms have been around for quite some time, researchers have
been trying to overcome essential and elementary problems that are related to the
nature of robotics and their usage in domestic environments. Successful integration
of robotic platforms in domestic environments has been the result of a
multidisciplinary effort from various scientific fields ranging from computer vision to
machine learning and information systems. The challenges of these approaches have
been overwhelming while more focus was given to achieving a safe robot behavior in
a domestic environment than focusing on the actual human-robot interaction

between the platform and its users. However, since the field of robotics has matured
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over the last years, a focus shift from the hardware itself to the HRI part of the robot’s

existence in such domestic environments is becoming more and more necessary.

To this end, the current study focuses on creating a universal solution targeted to be
used as the corner stone for building multimodal, elderly friendly, interactive
applications that target household robots for elderly users. This thesis provides
developers with the necessary technologies, tools and building blocks for creating
easy to use elderly-friendly multimodal applications in AAL environments, with
particular focus on robotic platforms, thus increasing their level of adaptation to users’
needs, and, as a consequence, users’ acceptance of these technologies. Using the
proposed framework makes these applications inherently friendly to the elder users,
while adapting to their needs, the surrounding environment and the context of use.
This results in a smooth learning curve, providing increased levels of user satisfaction.
Moreover, the use of the proposed framework introduces new interaction modalities
such as voice and gestures, enriching and simplifying the interaction experience of the

applications.
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3 Human Robot Interaction Design

3.1 User groups and requirements

This section aims at specifying the target user groups that were addressed by this
research work. Since this research work aims to enable and facilitate the creation of
elderly-friendly, multimodal, interactive applications for assistive robots, the target
user groups include the application developers who are going to use the proposed
development framework to build elderly-friendly multimodal interactive applications,
as well as the elderly who are going to use these developed applications. This user
base sets specific requirements for the development framework as well as for the
applications to be developed, especially in relation to usability, learnability, etc. Each
of these requirements encompasses a specific user goal that should be achieved

through the usage of the proposed framework.

3.1.1 User Groups

This section identifies the stakeholders addressed by the present research work,

analyzes the basic fields of interest and makes an analysis of each user group involved.

3.1.1.1 UG1 — Application Developers

Application developers are involved in the creation and production of elderly-friendly
applications for assistive robots. Their work involves both designing (including
artwork, graphics and animations) and programming the actual application. In details,
there are many stages including creating and designing an application’s look (user
interfaces) and logic (both interaction logic and functionality), animating Ul elements,
creating audio in terms of sound effects and speech output, programming,
globalization and localization, testing and producing and finally deploying the

produced application. Typical activities of application developers may include:

e Development of designs and/or initial concept designs for applications
including application functionality
e Generation of application logic, scripts and Ul animation storyboards

e Creation of the visual aspects of the application at the concept stage
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Usage of 2D or 3D modelling and animation software, such as Maya, for the
creation of 2D/3G application models and graphics at the production stage
Production of the audio features of the application, such as music, speech
output and sound effects

Development and integration of different interaction modalities including
touch, voice in terms of recognition and synthesis, gestures and other
modalities such as facial expressions (used as output), hardware switches and
buttons, head and gaze trackers, actuators etc.

Development of reasoning components capable of inferring the necessary
decisions to support the application’s logic and functionality

Development of adaptation components capable of adapting the applications
and the whole interaction experience both to the preferences and needs of
the end users as well as to the context of interaction (both semantic and
environmental).

Programming the actual application using programming languages such as C#
Quality regression testing of applications in a systematic and thorough way to
find problems or bugs and recording precisely where the problem was
discovered

Provision of solutions to complex technical problems that occur within the
application's production

Dissemination of knowledge to colleagues, clients, publishers and end-users
Understanding complex written information, ideas and instructions

Working closely with team members to meet the needs of projects

Planning resources and managing both the team and the development process
Performing effectively under pressure and meeting deadlines to ensure the

applications are completed on time

In this thesis, the user group “Application Developers” (UG-1) consists of those

developers who are responsible for the development of the applications” Uls,

interaction logic and functionality, adaptation and reasoning components, as well as

the applications’ logic scripts. Furthermore, this group includes developers
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responsible for programming the actual applications using programming languages

while working closely with team members to meet the needs of projects.

B0 4.2 UG2 — The Elderly

The second target user group is the elderly user group. The elderly population is a very
heterogeneous group, displaying a wide variety of characteristics and abilities. For
example, many older people are physically fit and may share similar user
characteristics as younger adults. On the other hand and particularly as people reach
old age, some elders are affected by vision, hearing and memory loss, in addition to
dexterity problems caused by arthritis, for example. This ageing process affects an
individual’s ability to interact successfully with a standard graphical user interface. The
process of interacting with touch user interfaces is even more difficult, as diminished
visual acuity makes it very difficult to see items on relatively small interfaces and
cognitive impairment increases the difficulty of conceptualizing and navigating an
interface. This makes it difficult to design technological applications that suit this
entire diverse user group. Multimodal interfaces, however, offer a flexible design,
allowing people to choose between combinations of modalities, or to switch to a
better-suited modality, depending on the specifics of their abilities, the task and the
usage context. This flexibility is a key feature which makes multimodal interfaces ideal

for mobile computing for the elderly [135].

3.1.2 User Requirements

System Requirements capture the intended functionality and behavior of the system
so as to drive architectural decisions and validate the architecture. In the context of
this research work requirement, requirements were partitioned into functional

requirements, non-functional requirements and interaction requirements.

Functional requirements are associated with specific functions, tasks or behaviors that
the system must support. In other words, functional requirements clarify the
functionality required by the system towards supporting effectively (an agreed set of)

user tasks
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Non-functional requirements are constraints on various attributes of these functions
or tasks associated with the user’s goals. Non-functional requirements specify the
required behavior of the system towards supporting efficiently the user goals. It can
be helpful to think of non-functional requirements as adverbially related to tasks or
functional requirements: how fast, how efficiently, how safely, etc., is a particular task

carried out through a particular system.

Interaction requirements are used to identify the quality of the human robot

interaction so as to achieve the goals set by this research work.

3.1.2.1 Requirements collection methodology

The methodology used for collecting and elicitating requirements includes browsing
exhaustively the currently published literature (paper or electronic), in reports,
journals, conference proceedings, and books. Keywords and key subject titles, relative
to the problem area and a set of specific research questions that would drive our
analysis efforts was formulated and used to initiate and drive a search that was carried
out. The first phase concerned an initial literature review, which was followed by
reviewing relevant deliverables from two currently ongoing research project funded
by the European Commission, namely HOBBIT and RAMCIP. In both projects an
extensive user requirements collection methodology was followed and the outcomes

were published in well established conferences and journals.

Furthermore, the developers’ user requirements were elicitated by means of
interviews and close observation of a group of developers in real life action, in the
process of producing elderly-friendly applications for assistive robots in the context of

the two aforementioned research projects.

3.1.2.2 Functional Requirements

Functional requirements capture the functionality required by the system towards
effectively supporting (an agreed upon set of) user tasks. In other words, functional
requirements define what a system is supposed todo, i.e., “system shall <do

requirement>”. For the purposes of this study, the word “system” represents the
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entire proposed framework to support the creation of elderly friendly-multimodal

applications for assistive robots.

3.1.2.2.1 UG1 - Application Developers
Under the perspective of elderly-friendly multimodal interactive application

development for assistive robots, the following set of requirements was identified as

necessary for application developers:

e The system should maximize the potential for incorporating heterogeneous
technologies

e The system should support different interaction modalities in an efficient way
and support easy integration of software components

e The system should enable modality integration both in the scope of application
dialogues as well as in the scope of higher application logic

e The system should provide sensible programming abstractions

e The system should enable the implementation of higher-level functionalities
by composing basic building blocks and / or services

e The system should provide a flexible model for representing and using the
context of the robotic platforms and the Aml environment towards supporting
the elderly in their everyday lives

e The system should provide libraries and tools for developing and deploying
services

e The system should provide the necessary functionality for integrating the
functionality offered by both the robotic platform and the surrounding Aml
environment

e The system should provide basic building blocks, Ul elements, components and
dialogues for building multimodal interactive elderly-friendly applications

¢ The system should provide the necessary reasoning and adaptation
components to enable the tailoring of the developed applications to the needs
and preferences of the users as well as to the semantic and environmental

context of interaction
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e The system should provide libraries and tools for developing and deploying

applications suitable for elderly users

e The system should provide the means for simulating the functionality of the

robotic platform and the Aml environment supporting elderly users into their

everyday lives

e The system should provide libraries and tools for developing and deploying

multimodal interactive applications to help the elderly in their everyday lives.

3.1.2.2.2 UG2 — The Elderly

Using the aforementioned methodology, the functional requirements for the elderly

user group were collected as presented in the following table. Each functional

requirement presented in the table is numbered, has a description, the type of

functionality that is targeted and a level of importance. The scaling used for

representing importance is (low, medium, high). This scale was used in order to

prioritize each requirement in the context of development and assist the evaluation

of the final product.

Requirement

Importance

Value

Robotic assistant

communication

The system should be operated with
voice commands/ gestures.

The system should react to name.
The system could use honorific forms
and tell jokes.

Robotic assistant could be operated
with touch screen.

Robotic assistant should talk back to
the user.

Robotic assistant is able to take part
into dialogue interactions with the user

in order to complete required tasks.
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Robotic assistant could be controlled
directly from the touchscreen it carries

7 Medium
without the need to engage in a
dialogue with the user.
The robotic assistant should
continuously listen to the user for

8 Medium
commands and respond to simple
commands user give.
The robotic assistant should talk back
to the user regarding its current task /

9 Medium
state and reply to simple questions
(e.g. what time is it?)
The robotic assistant should

10 comprehend and respond to simple Medium
gestures that the user makes.
The robotic assistant should provide

11 positively affective impact to the user Medium
regarding his emotional state (actions).
Robotic assistant should be operated

12 Low
with remote control.

Robotic assistant ~ Robotic assistant should have positive

13 Medium
appearance emotional facial expressions.

Table 1: Functional Requirements

3.1.2.3 Non-functional requirements

Although the provision of the above mentioned functionality is of high value to both
the developers and the end-users, they might end up disliking the system if some of
their goals (e.g., to perform tasks as quickly as possible; to stay away from big
mistakes, to be consistent) are violated while using the system. The identified non-

functional requirements are documented as follow:

<keyword>: <non-functional requirement>
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Non-functional keywords include, but are not limited to: Usability, in terms of

Learnability, Efficiency, Memorability, Errors, Satisfaction; Security; Reliability;

Maintainability; Portability; Extensibility; Reusability; Resource utilisation;

Operability; and Accessibility.

<Learnability>: It is essential for each application incorporated to the robotic
assistant to be developed to require a minimum level of learning from the user
side. To this end the provision of easy to use, self-descriptive and intuitive User
Interfaces is a fundamental requirement. This is extremely important in the
case of this research work so as to cope with the diversity of the target users’
population (elderly user group).

<Efficiency>: Efficiency is measured as the resources expended by the user in
relation to the accuracy and completeness of goals achieved. This is a very
important issue when designing to assist users performing daily activities.
Technology acceptance does not improve when providing impressive of fancy
systems, but when offering more efficient ways of performing specific
activities.

<Memorability>: This requirement implies the provision of applications
containing simple and self-descriptive operations not relying on the user’s
ability to remember sequences of actions. This may be achieved by allowing
the user to perform operations in a way similar to actions performed in the
context of his every day activities. This is important for all the areas targeted
by this research work, but especially for modality selection and modality
adaptation.

<Errors>: The ability to minimize errors and recover from system and user
errors is vital. The applications should avoid the typical attitude of living the
impression that the user is responsible for application errors and at the same
time be in position to recover “silently” without the need for user input. In the
same context, user errors should be foreseen and avoided through the

appropriate run time user assistance.

89



Human Robot Interaction Design

<Satisfaction>: Offering satisfaction to the user accessing an interactive
application is considered as a primary requirement. More specifically, this is
achieved by offering support for recovering from user errors and furthermore
via offering an overall feeling of smooth operation and facilitating the user to
perform complex operations through an intuitive and usable interface.
<Security>: Security is considered a major requirement especially for
applications that are interconnected with smart environments where personal
user data are at stake. In such environments where cameras, intensive user
profiling, sensitive user data (bank accounts, credit cards) etc. are present
there is always an issue of compromising sensitive data. The usage of such data
in a way that sensitive user information are shield for unauthorized access is
most important for allowing these technologies to spread and get accepted by
people in their everyday life. In this context, sensitive user information should
be stored by the system only in cases where the computing environment is
isolated and secured. It is important to keep such information confidential and
don’t submit them over the network.

<Reliability>: Although all the above requirements are important, nothing can
be achieved by relying on an unreliable system. Fault tolerance, consistent
operation, tolerance to loss of network connectivity, ability to recover for
power loss, etc. are major requirements. All these issues should be identified
and solved transparently. It is not wise to depend upon the average user on
identifying and manually solving such issues especially in environments
created for non IT experts such the ones presented in the context of this
research work.

<Maintainability>: It is traditionally derived from the field of human computer
interaction that users should pay time for performing their tasks rather than
managing and maintaining the interface offered for performing these tasks. To
this end, it is important to create applications that are self-maintained with
minimum feedback from the user.

<Extensibility>: The provision of a framework that offers the option for the

incorporation of new applications is essential. This although partially
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addressed by this research work requires further investigation from the field

of standardization for offering common hardware and software standards.

3.2 The RAMCIP platform

RAMCIP (Robotic Assistant for Mild Cognitive Impairment Patients at home) is a
Research and Innovation Action (RIA) funded by the EC in the context of the
HORIZON2020 Programme, with the aim to research and develop a novel domestic
robotic assistant for MCl and early AD patients. RAMCIP is going to research and
develop a novel robot that can provide proactive and discreet assistance to elderly
people with MCl in their own home, to support their independent living and quality of

life.

RAMCIP aims to research and develop real robotic solutions for assistive robotics for
the elderly and those suffering from Mild Cognitive Impairments and dementia. This
is a key step to developing a wide range of assistive technologies. The objective of the
project is to adopt existing technologies from the robotics community, fuse those with
user-centered design activities and practical validation, with aim to create a step-

change in robotics for assisted living.

The RAMCIP vision corresponds to future service robots for assisted living
environments that can provide safe, proactive and discreet assistance in significant
aspects of the user’s daily life, ranging from food preparation, eating and dressing
activities, through to managing the home and keeping it secure. At the same time, the
robot should help the user maintain a positive outlook and also to exercise his/her
cognitive and physical skills. RAMCIP will also work towards future robots that help
the users to perform exercises as part of their assistive work, thus embedding exercise

in their daily routine.

RAMCIP follows an inter-disciplinary approach in studying a series of aspects ruling
Human-Robot and Robot-Environment Interaction in ambient assisted living
environments, toward advancing the way that service robots coexist with humans, not

only as assistive computer-based servants capable of obeying commands, but as true
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companions, living and evolving along with the human, towards advancing Human-

Robot Interaction of the present into Human-Robot Coexistence of the future.

The proposed system’s core will be an autonomously moving service robot with an
on-board touch screen and a dexterous robotic hand and arm. Following the paradigm
of relevant research projects, the robot of RAMCIP will first of all build upon existing
knowledge so as to include advanced versions of features already researched and
developed in the past, such as entertainment functions with emphasis on enhancing
the physical and cognitive state of older and early MCl persons, providing also access
to social media and telepresence-based communication with relatives, friends or
caregivers, as well as basic assistive functionalities such as bringing objects to the user
and picking up objects from the floor. Having features like the above as a starting point
and a thorough investigation of user needs as a basis, the project will aim to advance

the state of art in domestic service robotics.

Among the primary objectives of the RAMCIP system is to develop novel methods for
personalized and adaptive multimodal Human Robot Interaction, allowing the robot
to automatically switch between different interaction modalities or fuse them,
ensuring the provision of optimal HRI on the basis of user behavior and context. This
HRI will be strongly augmented through novel empathic communication channels and
novel human affect recognition methods based on analysis of the user pose and
gestures. Furthermore, the robot’s behavior will be subject to the user’s affect, trying
to induce positive emotions when needed. The envisaged service robot will include
novel interfaces based on augmented reality concepts, projecting information and

highlights over locations in the room and objects.

To this end, the majority of the functionality offered by the FIRMA framework is going
to be used for the Human Robot Interaction parts in the context of the RAMCIP
project. A multimedia suite of elderly-friendly multimodal interactive applications will
be based on the FIRMA framework to deliver the robot’s functionality to the end users.
The contribution of the FIRMA framework is crucial because it provides all the
necessary functionality to adapt to the needs and preferences of the elderly user
group. The dynamic adaptation capabilities of the framework in terms of adaptive
component hierarchies will facilitate the tailoring of the HRI to the continuously
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changing needs of MCI and early AD patients, while respecting their preferences and
adapting to the changing context of use. Furthermore, the adoption of the adaptive
cascading style hierarchies will maximize the adaptation capabilities of the system
while delivering a uniform look and feel throughout the graphical interfaces that the
robot will offer. Moreover, the reuse of the ready-made framework elements,
components and dialogues, will contribute to a smoother learning curve. This is a very
important aspect regarding robotic platforms and the elderly user group, especially
for the MCI target user group of the RAMCIP project, since the users will be able to
reapply the acquired knowledge throughout their interaction with the developed
applications and the platform. Using a uniform look and feel as well as reusable
components across all developed applications contributes to increased ease of use
and provides the ground for higher acceptance levels of these technologies.
Additionally, the inherent support for multimodality will contribute to a more natural
interaction between the robotic platform and its users. This also contributes to the
ease of use, since users will be able to interact with their voice and gestures as
additional modalities to the robot’s onboard touch screen. Finally, the integration
capabilities of the FIRMA framework with respect to the ROS operating system will
provide to the developed applications access to the functionality that will be provided
by the robot while enabling the use of the various robot sensors to build more complex
and smarter robot behaviors. The inherent support for the ROS operating system will
provide access to the augmented sensing capabilities of the robot that will maximize

the potential of the robot’s behavioral models.

3.3 Scenarios

3.3.1 A day with Olive

Olive is an 80 year old proud grandmother of Ben (20yo) and Ellie (10yo). She
lives alone but her grandchildren who live a couple kilometers away from her house
visit her twice a week. She lives in a spacious apartment which has a kitchen, a

bathroom, and a comfortably big area that contains her bed, sofa and closet as well.

She is unfortunate to suffer from mild hip pain due to a past fall which has

resulted into mobility impairment issues and most of the time she has to use a walking
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aid to be able to walk with confidence. She has a very mild cognitive decline that is
consistent with her old age. Her memory doesn’t serve her very well and as a result
she might forget some things from time to time. She wears glasses because her
eyesight is limited due to farsightedness, but she can move freely and safely in the
house. She has several age related blood disorders for which she takes the appropriate

medication.

23211 Morning

Olivia decides to leave her bed. She sits on the edge of her bed and tries to
stand up. She is in pain and afraid that her legs won’t be able to support her and asks
Eva, her mobile domestic robotic platform, to bring her walking aid (asking for her
walking aid means that she is in pain, hence this is a bad day regarding her hip and

hence Eva should remind her to take a painkiller with her breakfast).

It is 7am and Olivia has just woken up. Eva greets her, notifies her of a weather
change which resulted in an extended temperature drop and brings her robe. Eva has
logged that every time the temperature drops below 15 degrees, Olivia feels cold and
sets the temperature to the more comfortable level of 20 degrees when she wakes up
to heat up the house. Eva has proactively and automatically set the temperature to 20
degrees for Olivia (based on her habits) and kindly informs her of that action and asks
her to confirm that this was what she wanted. Olivia responds negatively and Eva
prompts her to use the platform mounted touchscreen (which changes to reflect a

thermostat control) to set the room temperature to a different level.

Olivia says good morning, Eva responds and asks if she needs help. Olivia kindly
asks her to turn on the TV (she wants to watch the morning news on her favorite TV
channel ). Eva knows that Olivia had been watching a different channel last night and
asks her if she wants to turn on the TV to the channel she was watching yesterday or
to the one she usually watches in the morning. Olivia responds that she want what
she usually watches in the morning and Eva acknowledges that and asks her if she
needs anything more. Olivia verbally responds negatively. Olivia asks Eva about the
appointments of the day and Eva reminds her that later this morning she has a

scheduled appointment to go shopping with her friend Phoebe.
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Olivia always takes her morning medication before breakfast and Eva makes
sure she doesn’t forget. Eva gives the morning medication box to Olivia and prompts
her to acknowledge the pill intake by touching the corresponding icons on the
platform mounted display which changes to reflect the medication intake task. Eva
detects that Olivia’s reading glasses have been left on her nightstand (RFID) and
informs her that she will approach her further while making the images on the screen
bigger because she isn’t wearing her glasses and can’t see clearly where to touch on
the screen. The images on the screen get bigger to help Olivia. Eva asks if Olivia wants

her to bring her reading glasses.

After the morning medication, breakfast is in order. Olivia has several blood
related medical conditions and her diet has been adjusted accordingly by her
physicians. Eva reminds Olivia what is on her dietary menu for breakfast while showing
it on the kitchen display and helps her decide on alternative nutritionally equivalent

foods based on her most (or least) frequent choices (or favorites).

Eva knows that Olivia has a scheduled appointment, approaches her and
suggests her to do some shopping on her way home. Olivia agrees to do the
shopping. Eva knows Olivia’s dietary plan of the week so she has pre-included all the
necessary items in the shopping list. Eva presents a screen to Olivia containing a list
of potential things to buy as well as the current shopping list. Olivia can move the

things she wants between the lists.

The doorbell rings and Eva approaches Olivia while showing on the tablet
display the video feed from the front door. Olivia tells Eva that she isn’t wearing her
glasses and Eva approaches even more while maximizing the video window taking
advantage of all screen real estate. Olivia recognizes her friend Phoebe at the front
door and asks Eva to let her in the apartment. Eva brings Olivia her purse and asks
her to acknowledge that she is taking her wallet, her mobile phone, her jacket and
the keys of the apartment with her while informing her that the bathroom window
has been left open and prompts her to close it. Eva asks whether she wants to send
the list to Olivia’s mobile phone or she prefers to print the list for her. Although

Olivia has a smartphone and she can use it to see the shopping list on the screen, she
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prefers the natural touch of paper and Eva knows that, hence she printa the

shopping list on paper for Olivia.

While Olivia is away shopping, two people ring the front door bell and Eva
records a video from the front door camera. One of them is Olivia’s best friend Charice
and Eva informs her that Olivia is not at home. In addition, Eva logs all unanswered
landline calls and voice messages. When Olivia returns home, Eva will prompt her to
review the recorded videos and in the case of Charice, Eva prompts Olivia to call her
back by showing the contact photo on the platform display (click to call). What is more,
Eva shows a detailed call log for the time period Olivia was outside and a list of her
voice messages (playback on touch or voice command). Furthermore, while Olivia is
away, Eva turns off all electric appliances, lowers the room temperature to 17° and
takes the mail that the postman put in the mailbox and places them on the table
beside the couch which is where Olivia expects to find it when she returns home.
Furthermore Eva tracks Olivia through her cellphone in order to detect when she is
close to home to restore the temperature to a more comfortable level and turn on the
heater for Olivia’s afternoon shower. Furthermore Eva patrols the house while Olivia
is away to monitor for potential unwanted intruders as well as to pick up objects that
have fallen on the floor and pose a potential hazard as Olivia might trip over them and

fall down.

Olivia returns home with the shopping. Eva approaches her and helps her
move the shopping to the kitchen. Eva presents to Olivia a screen containing the
shopping list items and asks her to select the things that she has bought. If Olivia
bought extra stuff, she uses the add button to add the extra items. Eva knows that
Olivia is tired and asks her two questions “Did you buy all the things on the list?” and
“Did you buy any extra things | need to know about?” in order to save her the
trouble of updating the shopping inventory manually. The different screens can
adapt according to whether Olivia is wearing her glasses or not. The text to speech

volume adapts to the environment noise and the distance between Eva and Olivia.
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3312 Noon

Olivia returns home having gone to the supermarket and Eva approaches her,
takes the groceries (Olivia puts it on the back mounted cart) and follows her to the
kitchen. There she guides Olivia through the update of the house’s food inventory. Eva
calculates that there are too many food categories to show on one screen and changes
to an alternative layout. Moreover, she detects that Olivia makes several mistakes
during the food input (she is standing and her hands shake) and asks her to change to
the swabbing mode. In addition, Eva adjusts the brightness of the screen to
compensate for the direct sunlight that comes through the kitchen window. Olivia
touches the photos of the products on Eva’s display to update the available quantities
so that Eva will be able to assist her when deciding what to cook according to the
availability of the ingredients. Eva automatically strikes off all the products that Olivia
bought from the shopping list. Products with NFC tags are automatically recognized
and Eva informs Olivia about which products have been updated and asks her to

update manually the rest.

Olivia asks Eva for a recipe according to her dietary plan for the day and the
availability of products in the house. Eva proposes two recipes, one of low and one of
medium complexity. Olivia feels tired from shopping and chooses the easy one. Eva
shows all the required ingredients on the kitchen’s screen and starts reading the
cooking instructions one by one according to Olivia’s feedback. When Eva detects that
the recipe is almost finished, she starts laying the table to save Olivia the trouble and
time. When the oven timer exceeds the recommended cooking time, Eva informs
Olivia that the food might be ready and prompts her to check it and switch off the

appliance. Eva prompts to take a picture of Olivia to send it to her grandchildren.

Olivia starts to eat when she remembers that she should take the noon
medication with her food. She kindly asks Eva for the appropriate medication box and
a bottle of water. Eva would have reminded Olivia about the medication, had she
forgotten about it. Eva prompts Olivia to acknowledge the medication intake on the
platform’s screen. Olivia can’t reach the screen due to her fatigue and her relaxed
body posture and asks Eva to approach her further or she uses a verbal/gestural
acknowledgement. Eva reminds Olivia that she has left the gas on and informs her that
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she will switch it off for her because she knows that she is tired. Moreover, Eva asks

her if she wants to turn on the kitchen TV to her favorite show.

3.3.1.3 Afternoon

Olivia finishes eating, leaves the kitchen while telling Eva to switch off the TV
and enters the living room. Eva knows that the TV show that Olivia was watching in
the kitchen is not over yet and asks her if she wants to turn on the TV to continue
watching the show. Olivia does not respond and Eva asks her again after increasing

the volume.

Olivia is sitting on the living room couch lost in her thoughts. Eva approaches
her after 10 minutes and prompts her to have a video chat with her grandchildren.
Eva displays the contact information on the onboard display and prompts Olivia to call
them. During the call, Eva prompts Olivia to send the picture that she took earlier to

her grandchildren to invite them over for cookies.

3.3.1.4  Night

Olivia complains to Eva that she is not feeling well. Eva immediately
approaches her while turning down the TV volume and closing the curtains to reduce
sunlight. She tries to calm Olivia down while reassuring her that she is there to help
her. She displays the family doctor’s telephone on the onboard screen (call with a click
for instructions regarding counter-reactions with her prescribed medication).
Moreover, Eva brings the thermometer to Olivia (or the robot has a thermometer
embedded in one of the fingers and hence can check for her temperature or in a
respective situation her heart rate or even maybe her blood pressure/glucose level to
give these info to the family doctor if Olivia decides to call him). Olivia feels better and
tells Eva not to call the doctor but to bring her a painkiller instead. Eva reminds Olivia
about the dosage instructions, suggests that Olivia rests and prompts her to cancel

her evening meeting with her friends.

It is already past Olivia’s bedtime and Eva helps her to go to bed by bringing
her walking aid. She informs Olivia about a further temperature drop during the night

and prompts her to use another blanket. She also tells her that if she needs her during
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the night, she can call her by pressing the button on her nightstand. Eva will be
charging during the night as well as patrolling the house for security and housekeeping

purposes. Olivia asks Eva to wake her up at 10am next morning and Eva acknowledges.

3315 Envisioned applications to assist Olivia

3.3.1.5.1 App1: “Bring me...” application:
e User can verbally ask for objects, e.g., “Bring me my walking aid”

e Takes input from appointments app to automatically bring necessary objects

and ask confirmation for others

e Can move things around at predefined times/places

3.3.1.5.2 App2: Medication Supervisor application
e Gets input from the “Bring me” task, if the object is “walking aid” infers that
the user is in pain and adds painkillers to the day’s medication
e  Provides input to the “bring me” application

e  Supervises medication intake task

2

3.3.1.5.3 App3: Weather application

e Monitors the weather and provides input to the bring me application

3.3.1.5.4 App4: Home control application (temperature)
e Monitors user’s preferences according to time of day, season, weather, etc.

e Automatically sets the temperature to prevent user discomfort and notifies
the user

e Automatically sets the temperature to a predefined lower setting when the
user is away

e Automatically sets the temperature back to user setting when the user is close

to the apartment (GPS tracking)

3.3.1.5.5 App5: Home control application (TV)
¢ Monitors user’s preferences according to time of day
¢ Notifies user if last watched channel differs from the usually watched

e Turns off appliances when user is away
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3.3.1.5.6 App6: Appointments application

e Manages user’s appointments

3.3.1.5.7 App7: General adaptation
e When user isn’t wearing glasses, robot approaches
e When user isn’t wearing glasses, robot makes images bigger
e When userisn’t wearing glasses, robot uses the “Bring me” app to prompt the

user to activate the “Bring me — my glasses” scenario.

3.3.1.5.8 App8: Cooking support application
e Helps user choose breakfast according to diet
e Can print shopping list or send it to mobile phone according to preferences

e Adds to shopping list necessary items and informs the user

3.3.1.5.9 App9: Front door intercom application
e Robot adjust position from user to display video feed.
e Video screen can be automatically maximized

e Canopendoor

3.3.1.5.10 Appl0: Home control application (Doors)

e (Can be used to open doors

3.3.2 Nick the software engineer

Nick is a senior software engineer in a small company with experience in the
development of robotic applications for the elderly and people with disabilities. Nick’s
company is a software integration company. It uses a specific robotic platform for
developing its services and the main tasks is writing applications, integrating
modalities and interconnecting applications and modalities to the robotic platform.
The company uses third party libraries for several functions of the robotic platform
such as object recognition and manipulation. Recently, the company has made a
decision to integrate the robotic applications it offers with smart environments, while
also extending the usage of applications to cover a greater population including

people with disabilities. This was a decision that Nick should support at a technical
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level. His job is to find the appropriate solutions to a number of issues that should be
addressed in order to make feasible the envisioned extensions to the company’s
activities. Nick has spent some time researching the requirements of such an approach
and has concluded that there are several obstacles. More specifically, in terms of
modality integration, targeting a wider public may require to integrate additional
modalities to the platform such as speech recognition and gesture recognition
modalities. Furthermore, there is the issue of providing the appropriate interface to
each user that from his perspective would result into having to implement and
maintain different versions of the same application. Another issue is the integration
with the environment. Nick has learned from his past experience that having services
over TCP-IP is a headache that could result into many connections and non-formalized
communication between peers. Finally, there is the major problem of logic over who
decides what and how the whole interaction is orchestrated. Some form of external
rules-based logic is required. Nick knows that this is too much to handle for his
development team, so he decides to make some research regarding existing
automations and frameworks that could provide solution for at least some of these
issues. During his research he is frustrated by the fact that many different solutions
exist, but in most of the cases only a very small part of his requirements are covered.
Integrating a number of third party libraries and possibly one for each different issue
to be solved is a solution, but it is obvious to Nick that it will not result into easily
maintainable products. It is important to him that the required solution to his problem
be robust, time lasting and capable of covering multiple requirements. “What if we
use a technology that will suddenly get discontinued in the future?” Nick thinks. While
browsing several resources he finds the FIRMA web site. It is a project aiming to reduce
development time by at least 50% while also promising seamless integration with ROS,
a number of modalities, adaptation support and environmental awareness. The
project claims that in some cases only scripting the logic of an application is enough.
Being skeptical, he decides to take a look at some of the training material available, to
understand the concept. He notices that FIRMA allows the development of GUI
components for robotic platforms that are compatible with existing infrastructure,
while also supporting a variety of modalities and environmental sensors. He also

realizes that FIRMA has an IDE available to create new Ul applications by just scripting
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their logic. Furthermore, it is fully extendable as developers can modify or add new
controls and screens to best suit their needs. Additionally, he realizes that the logic of
the application can also be affected by environmental input, thus achieving
environmental awareness. Furthermore, FIRMA has a ready to use middleware and
the appropriate middleware bindings with services so as to automate the process of
listening to events from the environment. At the end of the day, he is convinced to
give it a shot, so he sends an email to his development team to organize a meeting.
The electronic engineering team will take over the job of integrating existing and new
sensors to the test lab. The hardware administration team is going to integrate the
middleware into to the test lab and the robotic platform and make sure that the
appropriate sensors to support the FIRMA’s offered modalities are installed to the
robotic platform. Finally, the application development group is going to create some
Uls using FIRMA and will write the applications and adaptation logic. The software
development team quickly understands that they can control how the Ul adapts in
response to the environment and the user without writing extra code. On the second
week of development, the team is ready to test the first FIRMA powered scenario.
Everything goes quite well in the mini demo the team is running for Nick. Nick thinks
that “This is a very good start and what’s more important is that using FIRMA we can

scale fast and be professional at the same time.”

3.4 Ul Design

The design of the user interface of FIRMA dialogue controls followed five main stages:

e Low fidelity paper based prototyping of different design alternatives to
investigate alternative appropriate Ul representations.

¢ Low fidelity power point based prototyping by means of mockups of some of
the Ul paper based prototypes in order to assess their functionality.

e Enumeration of different design alternatives to cater to the particular
requirements of the users and the specific context of use.

e Encapsulation of the design alternatives into appropriate abstractions and
integration into an adaptive component hierarchies.

e Development and documentation of the design rationale that drive the run-
time selection between the available alternatives.
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The following section presents the design outcomes, including the adaptive
component hierarchies, the design space populated by the produced physical designs
and for each adaptive component in the hierarchy a design rationale recording its run-

time adaptation logic based on user- and context-related parameters.

ContRols

_@"3}" % ; “ I'@_l :
Dpdiowm Sergge s
% = T=a s @ Wl o (9
ﬂﬁ' ve: = s J"_ = = L | e prass
o B — Lfﬂﬂ ]L".I.E"\DI T | ;
T e ! & ]

O

2 1) cax ..qm \Of_ m!:g.n_'u _tzzL.- e
| v < Ao W R 3
peorsine Mo “lece nAte..
i [T}

 Bosamarmeg boin|

Figure 1: Low fidelity paper and Power Point based prototyping of the FIRMA framework's Ul controls and
dialogues

Figure 1 shows the different low fidelity paper and power point prototyping stages

that led to the design selection of the FIRMA framework Ul elements and dialogues.

3.4.1 Container styles

Two generic template styles were designed (see Figure 2). The linearized template

style contains all the containers in a linear form. On the other hand, the columns
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template style has three alternative styles where top and bottom navigation are

placed on the top and bottom positions and the centered container is split in two,

three or four columns respectively.

Container styles

Columns

Linearized

Two columns Three columns Four columns

Mockup

L ' Mockap Mockup
| LT LU0 |
a=|ja=is jzas

Figure 2: Container alternative styles

Container size constitutes another significant aspect that is associated with the screen
size in which the Ul application will be presented. As it is presented in Figure 2 and
Figure 3, the container size may be resized according the device screen size in order

to cover the optimum screen real estate.
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Container Size

10 inches Greater than 13 inches

Content

Content

Content

Screen size
Greater than 13 inches

Screen size 10 inches Screen size 13 inches

Width grows
along with
screen size

Figure 3: Container alternatives according to device size

When the screen size is up to 10 inches, the content covers all the surface of the
screen, whereas for screen sizes from thirteen inches and over, the content is
centered while leaving a small unexploited area on the left and right, in order to
maximize the readability of the contents. For screen sizes greater than thirteen inches,
the width of the empty area on the left and right of the content is adjusted according

to the screen size.

3.4.2 Links — Buttons alternatives

Buttons and in some case also links comprise maybe the most used objects in any
application. Several alternatives were designed in order to offer effective interaction.
As shown in Figure 4, links remains the same and the only difference concerns the
background and text color. Generally, links are presented in blue. However, several
different color combinations for low vision users and user with color blindness were

produced based on (Arditi, 1996).
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According to (Arditi, 1996) there are three basic guidelines for making effective

color choices that work for nearly everyone:
1. Exaggerating lightness differences between foreground and background colors
and avoiding using colors of similar lightness adjacent to one another, even if

they differ in saturation or hue (see Figure 4).

-

Low
Contrast
ot sonal, All rights .

Figure 4: Color contrast

©2005 Ligh

2. Choosing dark colors with hues from the bottom half of this hue circle against
light colors from the top half of the circle (see Figure 5). Avoiding contrasting
light colors from the bottom half against dark colors from the top half. For most
people with partial sight and/or congenital color deficiencies, the lightness
values of colors in the bottom half of the hue circle tends to be reduced.

3. Avoid contrasting hues from adjacent parts of the hue circle, especially if the

colors do not contrast sharply in lightness.

©2003 Lighthouse International. All nights reserved

Figure 5: Color wheel

Following the above guidelines, four different color sets were chosen in order

to generate correct contrast for all users that face visual impairments: blue link on
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white background, blue link on yellow background, orange link on blue background
and green link on black background. In order to make a link more visible, the ‘on focus’
link artifact was designed (see Figure 6), in which a border with the text color is shaped
around the link.

A button representation was designed too in order for links to be presented as
buttons to be used in a tablet pc. In a tablet pc, the links are designed to be presented
as buttons in order to be more “touchable”.

Four alternative depictions were designed for buttons, containing different
color combinations that produce correct color contrast for users that face visual
impairments. The alternative design artifacts include buttons with black color text on
light gray background, white color text on blue background, blue color text on yellow
background, and black color text on yellow background.

Link styles

Blue link on white Blue link on vellow Button Fink link on biue Pink link on black
background background beckground background

= e [

Button styles

White on blue background Blue on yallow background Black on yellow background

—— [ bumen [ tmtm |

Figure 6: Link — Button representations

3.4.3 Textboxes alternatives

According to previous the section, the combination between text colors and
background colors has to produce efficient contrast. This issue is applied to textboxes
too, because when a user types text in a textbox, the application has to offer efficient
color contrast between the textbox background and the color of the text being typed.

According to this issue, three alternative textboxes (on focus) were designed and
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rationalized except from the default textbox (see Figure 7). These are yellow text on
black textbox background, orange text on blue textbox background, and blue text on

yellow textbox background.

Pink on black Pink on blue Blue on yellow

Figure 7: Textboxes representations

3.4.4 Date entry alternatives

Date entry constitutes a frequent task. Five alternatives were designed for date entry
and are presented in Figure 8. The first three designs include the selection of day,
month and year respectively using an “inflated” calendar control. The calendar control
has embedded appropriate calculations based on leap years and number of days that
each month includes, so that only the valid days are placed in the days’ instantiation
according to the selected month and year. This option is targeted to novice users,

because of its simplicity and error prevention mechanism.

The fourth design is similar to the first three, with the difference that the
selection of the user input is made using spinners. The user is able to press the up and
down button to select the desired day, month and year accordingly. The spinners
controls do not have inherent support for leap year calculations, hence the developer
should take appropriate action during the instantiation of these controls in order to
ensure that only the valid numbers will be displayed..

The last design contains drop down boxes with automated date enforcement.
The user has to select year, month and day from the drop down boxes. The validation
of the date takes place as the user changes his selection. This date input alternative is

designed for expert users to improve speed and effectiveness.
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3.4.5 Virtual keyboard entry alternatives

Text entry on touch devices can be a rather tricky task if it is not supported by
appropriate virtual keyboards that can facilitate the process. Two alternatives virtual
keyboards were designed to facilitate the text entry task on the robots onboard touch
screen and are presented in Figure 9. The first design demonstrates a condensed
keyboard that can be used by expert users for convenience and speed during the text
entry task. The second design illustrates a bigger expanded keyboard with more
margin between the virtual keys. This version has wider keys while the region where
one key ends and another begins is marked with a “marching ants” line for better
visibility in different coloring schemes. This version of the keyboard can be used for
novice users or in situations where the user in not in a comfortable position in relation

to the touch screen of the robot but needs to input some text.
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Virtual Keyboards

Condensed Virtual Keyboard Expanded Virtual Keyboard

Figure 9: Virtual Keyboard alternatives

3.5 Generic robotic functional components in HRI design

3.5.1 Tablet PC

The tablet PC functional component is a touchscreen operated electronic device that
is usually mounted on the main body of the robotic platform. It supports touch
interaction and is responsible for hosting and displaying the different user interfaces
of the robot’s applications that implement the robot’s functionality. An average tablet
PC setup uses a relatively large touchscreen device e.g. 312w x 207d x 17h mm (used
in the HOBBIT robot [136]) The tablet can be mounted or fixed by re-closeable
fastenings on a small base plate which is mounted on the robot by tilt links so that its
tilt angle is adjustable to fit the user's needs. If the base plate extends beyond the area
of the platform, it is secured by a bumper. The optimal height to the lower edge of the
touch screen has to been shown to be 72cm, which is the recommended height of an
office desk for a seated user [137]. The height to the center of the touch screen must
be within the range 76.0-106.5 cm, recommended for a touch screen for a seated user
[138]. The angle of the touch screen is recommended to be 45 for a standing user
when the center of the touch screen is below 104cm [138]. In cases where the robot
is destined to be used more by sited users instead of standing users, the angle should
be reduced accordingly. According to anthropometric data for British adults aged 65-
80 years [137] the height from the floor to the elbow for a person sitting in a 45cm

chair is 61.5-72.0cm (5%ile women - 95%ile men). This should be taken into account
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in respect to the height of the center of the touch screen, in order not to cause
discomfort for a seated user. The anthropometric data from the floor to the tip of the
middle finger for a standing person is 55.0-69.5cm (5%ile women - 95%ile men). This
should be also taken into account in respect to the height of the lower edge of the

touch screen, so as not to cause discomfort for short usage for a standing user.

The touchscreen device is used as an alternative way of interaction, both as input
(touch) and as an output device (screen). In terms of adaptation, the Ul should be able
to adapt both a priori (adaptability) and during the interaction process (adaptivity) in
order to suit the preference and the dynamically changing needs of the users. For
example the Ul controls could increase in size, change colors and contrast or get
replaced by simpler or more convenient ones if the user is not able to see properly or
fails to accomplish the respective task/goal. The robot’s touch screen will adapt
according to the robot’s distance from the user. For example when the user wants to
initiate the “Clean floor” functionality, the robot must be in touch range for the user
to be able to use the robot’s touch screen. However when the actual operation of
cleaning begins to take place and the robot moves away from the user then the touch
screen becomes illegible. As a result there is no point in maintaining the actual state
of the GUI. On the contrary the touch screen could be changed to illustrate a picture
or drawing of the action in progress. In this example, the screen could change into
showing a full screen “broom” which can depict the status of the robot at that given

moment even if the robot would be far away from the user.

3.5.2 Hand(s)

This functional component refers to the potential hands of the robotic platform. The
purpose of this component is to be used to grab things (e.g., from the floor, the table
etc.), to physically manipulate switches or electric appliances (e.g. the robot can turn
the lights on or off, or manipulate an inductive electric stove), or in terms of handover
manipulation or other tasks that may require physical touch between the robotic
platform and its users. All the above scenarios can be adapted to the preferences of
the users (e.g. they don’t want to be touched, they want to set a maximum allowed
velocity for the moving parts of the robot, they don’t like to participate in handover
interactions etc.). Furthermore the hand can be used as an additional output modality
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of the robot in order to give information to the user similar to how people use their
hands while they talk. For example the robot could use its hand to point to things that
concern the respective context of interaction, remind the user about the proper

realization of hand gestures etc.

3.5.3 Wheels

This functional component refers to the wheels of the robotic platform. The wheels
are used to move the robot around and fine-tune its position in respect to the user.
Since robotic platforms can move around independently as opposed to other
electronic appliances, this offers an important aspect of adaptation that should be
taken into account. Hence, the capabilities of the moving robotic platform can be used
to move closer to the user in cases of emergency where the user needs help, or when
the user finds difficulty in reading the displayed information on the onboard screen.
Finally the robot can be used to follow the user around the house, carrying objects for
him/her while the speed of the platform can be adapted to the context of interaction

and the preference of the users.

3.5.4 Speech Synthesis

The speech synthesis interaction modality is the functionality of the robot to produce
synthetic speech in terms of auditory output or feedback to the users. It can be used
either as a primary means of communication or as an additional modality used for
redundancy purposes when the robot wants to communicate verbal information to
the users or provide feedback. The potential adaptation that is supported by the
framework for the speech synthesis modality include the selection of the gender of
the output voice of the robot, its volume, rate, pitch as well as the vocabulary that is
being used. For example, the voice could be selected to be male or female according
to the current situation or preference of the user, the volume can adapt to the room’s
ambient noise or to the distance between the robot and the user making it louder or
softer taking into account the cases where another resident could be annoyed by the

volume increase.
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3.5.5 Speech Recognition

The speech recognition input modality is responsible of recognizing and identifying a
predefined set of vocal commands that the users can give verbally to the robot. This
modality is used in terms of verbal control of the robot by the users, since the user is
able of just telling the robot what he/she want it to do and the robot responds
accordingly. The whole interaction is based on a predefined set of vocal commands
that the robot is able to understand. The richer the set of commands is, the less the
user is required to remember, since the robot understands more equivalent

commands.

In terms of adaptation that is supported by the proposed framework in the context of
the speech recognition modality, the robot can turn the modality on or off according
to the respective level of ambient noise in the room or according to whether other
modalities are concurrently active. For example the robot always temporarily turns off
the speech recognition modality when it is providing auditory feedback to the user, as
it doesn’t want its own “speech” to be understood as commands to itself.
Furthermore, a threshold can be provided for accepting or rejecting the recognition
of verbal commands. In particular, since the recognition of each individual phrase or
command can have lower of higher confidence levels, the speech recognition
threshold can be defined in relation to the respective command(s). Furthermore, since
the pronunciation of each user might differ, the recognition threshold could be
different and thus has to be adapted to the particular user. Moreover, the recognition
threshold can be further automatically adapted during the interaction process, either
to further fine tune it to better understand each individual spoken commands, or to
adapt to environment factors such as the noise of the room, or the distance between
the user and the robot. Finally, similar sounding verbal commands can be analyzed in
advance so that the individual recognition thresholds can be calculated and fine-tuned

in advance.

In addition, the vocabulary that the user is able to use in order to give verbal
commands to the robot can be adjusted to fit the cognitive levels of each individual
user. Equivalent commands can be added to further relieve the user from having to
remember specific commands. Furthermore the robot can react and respond
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differently even to equivalent commands, since the context of each command can
slightly differ. For example when the user asks the robot to show him/her the time,
the robot can simply display the current time on the onboard screen, whereas if the
user asks the robot the question “What time is it?” the robot can additionally respond
verbally by telling the user the actual time! This leads to a more rich interaction
experience, contributing to the users’ subjective satisfaction, to building a more
interesting relationship between the robot and the users and finally to a smoother

learning curve and higher levels of acceptance of the robotic platforms.

3.5.6 Gesture Recognition

The gesture recognition input modality is responsible of tracking the user’s skeleton
and understanding a predefined set of gestures that the user is able to perform. This
is a very important interaction modality since the user is able to communicate with
the robot without using touch or speech. This can be extremely useful in cases where
the user is unable to reach the touchscreen of the robot, or is unable to speak to the
robot, for example in emergency scenarios where the user needs help. Snice the
gesture are understood by the robot, it is capable of adjusting its position in order to
better track and more accurately understand the user. The framework provides
inherent support for the gesture recognition modality, while the robot is able to
understand among a relatively easy to remember and perform gesture set. The
framework provides continuous support for the recognition of an important subset of
user gestures, such as gestures calling the robot for help, or instructing the robot to
stop the current task. Furthermore, the individual subset of gestures that are to be
used by the different applications can be easily configured. The individual gestures
that are of interest can be loaded and unloaded by the respective applications at
runtime by providing their identification name. Furthermore, a minimum recognition
threshold for successfully understanding or rejecting a recognized gesture can be
specified. Finally, the recognition engine can be fine-tuned to understand a specific
subset of gestures for each user. This subset could be determined according to the
success identification rate during the user training or it can be based on other factors
such as the time of the day, when for example the user might be too tired to raise his

hands up at night.
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4 Architecture

This Chapter describes the architecture of the FIRMA framework. Section 4.1 discusses
the low fidelity paper based architecture prototyping process that was performed in
the early stages of the design. Section 4.2 discusses the high level functional
architecture layers and describes the different types of functionality that they provide
while section 4.3 discusses the orchestration of the conceptual layers that comprise

the framework and describes their functional role.

4.1 Preliminary low fidelity paper based architecture

prototyping

Figure 10: Low fidelity paper based architecture design for the FIRMA framework

In the context of a distributed ambient environment, system architectures become
fuzzier mainly due to the fact that services distributed in the environment have their

internal architecture and structure while the way that services are incorporated and
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used forms another higher level architecture. A generic abstract view of the

architecture employed by this research work is presented in Figure 10.

Figure 10 presents the preliminary low fidelity paper based prototyping regarding the
proposed framework’s architecture. The figure depicts the different interaction
modalities that comprise the Communication Planner conceptual module of the
FIRMA framework. In this module, the different modalities are being managed by the
communication decision maker module which is responsible for selecting and fusing
the appropriate modalities according to the preferences of the user and the context
of use. The figure also demonstrates the relation between the different potential
applications, the screens and dialogues that comprise them and the main GUI
presenter window, namely the Ul navigator window of the framework. Finally, the
necessary bridge between the ROS backend and the framework is illustrated, while
the communication between the modalities, the communication decision maker

module and the different applications is outlined.

4.2 High level system architecture

The preliminary low fidelity paper based prototyping that is described in the previous
section, led to the final designed of the FIRMA framework. The different general

architectural layers can be seen in Figure 11.
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Figure 11: FIRMA framework's architectural layers

The FIRMA framework is comprised of several architectural layers, as depicted in
Figure 11, that are described in detail in the following sections. In brief, the system is

comprised of the following modules:

e Sensory infrastructure adapter modules that play the role of an intermediary
transformation engine that undertakes the transformation of the information
provided by the different environment sensors to pieces of information that
can be understood by the system

e Auser profiling and modeling subsystem that provides a priori knowledge used

for the adaptation of the applications prior of user interaction
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e An interaction monitoring subsystem that continuously monitors the ongoing
interaction between the user and the system and provides the necessary input
to the rules engine module

e A context information module that provides information about the context of
use and the general context of the surrounding environment (this module uses
the input from the sensory infrastructure adapter modules)

e Arules engine subsystem that is used at runtime, to infer facts about the active
user who would is interacting with the respective application for adaptation
purposes

e A decision making module that is used at runtime to activate or deactivate the
necessary user interface components according to the user profiling and the
ongoing interaction process

¢ A modality module for every different modality that is supported by the system
(i.e., a gesture recognition module, a speech synthesis module, a speech
recognition module, a touch gesture recognition module etc.)

e A set of user controls that support multimodal activation used for application
development.

e A collection of adaptive component hierarchies mainly comprised by common
abstract task hierarchies that are properly instantiated according to the user
profile at runtime

e A collection of cascading style hierarchies that are used for adaptation
purposes regarding the different framework elements and dialogues of the
system, while contributing to a uniform look and feel throughout the system

including the developed applications.

4.3 Orchestration of conceptual layers

Based on the aforementioned high level system architectural layers, the FIRMA

framework comprises a collection of conceptual layers which can be seen in Figure 12.
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Figure 12: Orchestration of the different conceptual layers

4.3.1 The interaction recognition layer

The user is able to interact with the system through the interaction recognition layer.
This layer consists of the different available interaction modalities that are provided.
Additional interaction modalities can be added in future work such as hardware
buttons and switches. The user is able to interact with the system using touch,
gestures and voice. These modalities are adapted to the profile of the user, his
preferences and the context of use. They are managed, selected and fused together
by the communication planner functional submodule. The touch recognition modality
corresponds to the touch interactions between the user and the robotic platform’s
onboard touch screen. The gesture recognition modality refers to the set of
preselected gestures that the user is able to perform and the robot is able to
understand and behave accordingly based on the context of the interaction. Finally,
the speech recognition input modality refers to the predefined set of SRGS speech
recognition grammars that describe the set of vocal commands that the robotic

platform is able to understand. This set of SRGS grammars is loaded into the speech
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recognition engine so that the robot will be able to interpret the user’s speech

accordingly.

4.3.2 The input interpretation layer

The output of the interaction recognition layer is fed into the input interpretation
layer. This layer consists of the processing of the user input in term of semantic
interpretation based on the context of interaction. Each input modality of the input
recognition layer is interpreted accordingly to the profile of the user and the
interaction context. The speech recognition modality is interpreted according to the
semantic speech annotations that are included in the corresponding SRGS speech
grammars. The gesture recognition modality input is interpreted according to the
respective application’s logic that is active during the interaction, as well as the
context of the interaction. For example, the same affirmative gesture may have
different interpretations according to the context that is being used and hence it could
be interpreted either as a “YES” in the context of a question or as a “NEXT” in the
context of an interaction process. Finally, the touch modality input can be interpreted
based on the dialogue that is displayed on the respective moment that the interaction

took place.

4.3.3 The integration layer and the low level framework

architecture

The interpreted input is fed from the input interpretation layer into the modality
integration layer, where the input from all the different available modalities is
integrated based on high level integration scripting. For this purpose, the ACTA
runtime (see section 5.1) is used to integrate all the available modalities into a uniform
input channel that can be routed to the communication planner functional component
in order to take the necessary decisions regarding the orchestration of the input and
output modalities. The same integrated input becomes available to the respective
active applications through the low level input mechanisms that the FIRMA framework
provides through the base classes that the developed applications inherit.
Furthermore, the different available applications can communicate with the scene

orchestrator functional component in order to gain access to the functionality it
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provides regarding the management of the different application screens and their
display on the onboard robot screen. The input from the sensors of the robotic
platform as well as the input from the ambient intelligence environment is
transformed into system readable format. The input from these sources is then routed
through the reasoning module of the framework in order to infer all the necessary
adaptation and communication decisions. When there is need for output from the
system to the user, the communication planner decides over the selection and the
fusion among the different available modalities to generate the information that is

going to be conveyed to the user.

4.3.4 The output styling layer

When there is information that is needed to be conveyed to the user, the information
goes from the generation layer to the output styling layer. This layer is where all the
styling over the information delivery takes place. For each one of the available
modalities, the appropriate styling is selected according to the user model, his
preferences and the context of the interaction. The styling can refer to the output for
the speech synthesis modality, to the output for the Ul display modality or the output
for the audio modality. For the speech synthesis modality, the appropriate voice is
selected according to the preferences of the user. Additionally, the appropriate rate,
volume and pitch of the voice is selected and the output speech is styled using the
SSML markup language. For the Ul display modality that corresponds to the touch
display onboard the robotic platform, the appropriate Ul selection and adaptation
takes place according to the decisions of the adaptation manages functional
component. The appropriate Ul elements and dialogues are selected, the appropriate
component hierarchies are instantiated and the output is delivered to the robot’s
display for the user to interact with. Furthermore, for the audio output modality, the
appropriate auditory feedback is selected and the parameters of the audio output are
specified. Finally, the output from the output styling layer is wired to the output

rendering layer.
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4.3.5 The output rendering layer

The final stage of the output delivery is the output rendering layer. This is the layer
responsible for delivering the actual output to the users. It comprises of the different
available output modalities as they have been selected and fused by the
communication planner functional component. For the speech synthesis output
modality, the actual speech is generated based on the SSML annotations from the
styling layer and the final auditory feedback is delivered to the user. For the touch
display output modality, the appropriately selected framework elements,
components and dialogues are instantiated and the result is presented on the robot’s
onboard display. Finally, for the audio output modality, the appropriate adaptation

parameters are applied and the auditory feedback is delivered to the user.

123



Implementation

5 Implementation

This chapter presents the implementation of the FIRMA framework. The result is a
fully integrated development framework that can support the design and
development of elderly friendly, multimodal interactive applications that are
deployed on domestic robotic platforms which can in turn take full advantage of the
possibilities offered by Aml environments. The results of this research effort include
all the necessary tools and building blocks for the creation of speech enabled, voice
recognition enabled, gesture recognition enabled, and touch enabled adaptable and

adaptive interactive applications.

5.1 ACTA: A general purpose finite state machine (FSM)

description language for ACTivity Analysis

ACTA is a general purpose finite state machine (FSM) description language [139].
ACTA’s primary design goal was to facilitate the activity analysis process during smart
game design by early intervention professionals who are not familiar with traditional
programming languages. However, developers can use ACTA not only for developing
event-driven sequential logic games, but also for applications whose behavior is
composed of a finite number of states, transitions between those states and actions,

as well as for application based on rules driven workflows.

- ( rress (B .
- [rtle” [sorent)
PRESS @

Figure 13: A Finite State Machine example8

8 Image taken from http://www.padaonegames.com/bb/
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A finite state machine consists of states, inputs, and transitions. A script in ACTA can
describe a finite state machine as depicted in Figure 13, which illustrates a flowchart
of a hero game. The flowchart consists of boxes for each action a hero can do such as
standing, jumping, ducking, and diving. When acting, the hero can respond to a button
press and perform a different action. Furthermore, in each of the depicted boxes,
there are arrows connecting the current action with a next one according to the
labeled pressed button. In detail, the ACTA script of this example consists of the
following parts: a) a fixed set of states that the machine can be in (e.g., standing,
jumping, ducking, and diving), b) current state, the machine can only be in one state
at a time (a heroine can’t be jumping and standing simultaneously), c) a sequence of
inputs or events (e.g., the raw button presses and releases), and d) a set of transitions
from current state to a new one based on incoming input or event. When an input or
event comes in, if it matches a transition for the current state, the machine changes
to the state that transition points to. An example of the hero game in ACTA script is

depicted in Figure 14.

State "STANDING"

3 {

4 when (PressedButton == "ARROWDOWN") { NextState = "DUCKING": }
5 when (PressedButton == "B") { NextState = "JUMPING": }
6 }
State "DUCKING
{
when (ReleasedButton == "ARROWDOWN") { NextState = "STANDING"; }

when (PressedButton == "ARROWDOWN") { NextState = "DIVING":; }

Figure 14: Finite states of an action game in ACTA script.
Authors can use ACTA for scripting a smart game or application in general, by outlining
a set of finite states and event-driven transitions (i.e., a transition from one state to
another is triggered by an event or a message). Thus, ACTA facilitates event driven
programming, in which the flow of the program is determined by events, event

handlers, and asynchronous programming.

ACTA support the dynamic invocation of functions through reflection. The function

calls that are contained in the ACTA script are searched at runtime when the script
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instructs for a function call. The ACTA backend starts searching for the desired
function in the base classes of the framework. Upon potential failure the search
continues in the developer created derived classes. Polymorphism is inherently
supported by the backend as it is written in C# which natively supports virtual
functions. The invocation of the functions is done through reflection and as such, the

appropriate derived class’ function gets called.

Property getting and setting, is done through auxiliary functions namely
GetProperty(string name, object value) and SetProperty(string name, object value)
which operate on the application’s derived class instance. This approach leverages the
properties info function calls that use reflection to accomplish their goal similarly to

the invocation of real functions.

5.2 ARMA: Extending ACTA Runtime to support the
development of Multimodal elderly friendly

Applications

ACTA’s runtime has been adopted and adapted to fit the needs of the creation of
multimodal interactive applications. ACTA’s runtime is based on the Windows
Workflow Foundation framework. The ACTA IDE is used to code all the application
interaction logic which can then be extracted to an XML rules file for further use. The
rules file can be loaded into a Windows Workflow Foundation Rule Engine which is an
event driven reasoning engine that can run the provided rules and conclude to the
desired actions, results and transitions between the different states that describe the

application logic.

The main workflow for creating an interactive application includes the definition and
design of the different application screens and then the definition of the different
application states. Usually, one state is then mapped to one application dialogue
screen. However, states with no visual output can exist, as well as multiple states can
correspond to the same Ul dialogue being displayed at that time. The integration of

the different modalities is discussed below.
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Figure 15: AlarmClockApplication ACTA logic snippet
Figure 15 shows a fragment of the ACTA script used to encode the logic behind an
Alarm Clock Application. The ACTA’s runtime part that had to do with maintaining and
managing the different states of an application or game has been rewritten to support
elements such as the current state the program is in, the previous state for potential
navigation to earlier states, the next state that the application is desired to go to upon
reception of specific input and a return state where the application logic can return
after following pre-configured framework Ul hierarchies. To this end, ACTA uses 3
fundamental keywords for scripting a finite state machine: a) State, b) NextState, c)

PreviousState and d) ReturnState.

A finite state is described using the keyword “State” that defines a state statement. A
state statement defines a block that contains: a) optional macros for execution when
entering the state, and b) transitions. The latter may be either an explicit state change
using keyword NextState (e.g., NextState = “state’s id”) or a set of when statements
in order the machine to remain in the current state until the condition of a when

statement becomes true and fires its transition
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The NextState keyword is used to set a new state. Using an assignment expression,
the author simply sets the id of the next state to the reserved word NextState (e.g.,
NextState = “state id”). Event-driven transitions are described using the keyword
when. This keyword is used to define a when statement. In other words, when a

condition becomes true, a transition from the current state to a new one is fired.

The PreviousState keyword is used to hold the previous state an application has been
into. This is useful for transitions when the user initiates a multi-dialogue process and
wants to be able to navigate back and forth, or more importantly when the natural Ul
dialogues sequence is interrupted due to a higher priority event. Using the
PreviousState keyword the developer is able to instruct the application to return to its

previous state once this higher priority event is handled.

Moreover, the ReturnState keyword can be used alone or in conjuction with the
PreviousState keyword to accomplish more complex navigation and transition
scenarios where adaptive component hierarchies are included in the state traversal or
when higher priority events include more than one displayed dialogues which in turn

implies more than one States being traversed.

State "AlarmElapsed"

{

ShowScreen ("AlarmElapsed") ;
ReturnState = PreviousState;
when (ButtonPressed == "BUTTON POSITIVE")

{

DeleteAlarm() ;
NextState = PreviousState;

}

when (ButtonPressed == "BUTTON NEGATIVE")

{
}

NextState = "AlarmSnoozed";

}

State "AlarmSnoozed"

{

ShowScreen ("AlarmSnoozed") ;
SnoozelAlarm() ;
when (Time == 5)//or when(ButtonPressed == “0K")

{
}

NextState = ReturnState;

Figure 16: AlarmClockApplication ACTA logic snippet
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For example, in the above snippet the ReturnState keyword is used to store the
PreviousState keyword value when an Alarm goes off. This way, in the case where the
user decides to acknowledge the elapsed alarm, the program can go back to the
previous state, whereas if the user decides to snooze the elapsed alarm, the program
can navigate to a different dialogue where the user is informed about the alarm having

been snoozed and then return to the “ReturnState” state after five seconds.

Finally, states such as the SuccessState and AbortState have been introduced to
support the implementation of adaptive component hierarchies, whose integration

demanded distinguishing between completed and aborted tasks.

5.2.1 Loading and unloading rules at runtime

A very useful functionality that has been added to the ACTA backend is the option to
load and unload rules at runtime. This contributes to the reduction of the rules that
are loaded at any given time. Furthermore, it offers the ability to change the behavior
of the developed applications based on the subset of rules that are loaded at a given
point in time. In other words, the developed programs are able to load extra rules at

runtime in order to alter their functionality.

This enables the usage of abstract task hierarchies that can be instantiated at runtime,
while the respective rules that support their functionality are loaded at runtime.
Furthermore, this addition opens new paths for adaptation based on the extra subset
of loaded rules. For example, the experience of the user can be taken into account
when he/she is expected to fulfill specific tasks and the Ul that he/she is presented
with can change accordingly. Moreover, tasks that are frequently required are
automatically adapted and embedded into the framework such as the task for the

selection of time.

The dynamic loading and unloading of rules has been implemented in full compliance
with the functionalities of the language for rule activation/deactivation, rule
prioritization etc. The backend has been extended to support the dynamic rule loading

by respecting the aforementioned properties and treating them appropriately. Since
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the Microsoft Workflow Foundation does not provide the necessary functionality for
merging rulesets, the whole process of the dynamic rule loading had to be added.
Loading and unloading extra rules as needed, is a lot different than having all the rules
loaded at all times and then activate or deactivate a subset of them as desired. The
latter approach can have a huge performance impact in the whole rule engine and was
thus avoided. During the loading of new rules, the rule engine is temporarily paused
and the new rules are appended to the currently active ruleset. The old pre-existing
rules are not removed or disabled because their functionality is still needed as the new
rules do not substitute the old ones but merely temporarily extend the functionality
of the application. After loading the new rules, the back-end ACTA data structures are
augmented accordingly to support the rule addition without affecting the language’s
mechanisms such as the mechanism for dynamic rule activation and deactivation or
the capability for rule prioritization. Upon a successful append, the rule engine is
resumed to activate the functionality that is offered by the new rules. Finally, when
the functionality that is offered by the new rules is no longer needed, they are

unloaded and the back-end data structure changes are reverted.

When a new set of rules is loaded, it is validated against the rule engine and then run
against the instance of the application. The validation is always successful because all
the function calling and property manipulation of the rules is implemented through a
set of auxiliary helping functions namely the DoAction, the SetProperty and the
GetProperty accessor function. This functionality is inherently embedded into the
ACTA language so that the produced ruleset is transcribed into using these functions.
This approach has the advantage that most of the fatal conditions can be silently
ignored with the corresponding error messages being printed on an error log file while
the state of the application remains stable. This means that if the ACTA script contains
instructions for calling functions or setting properties that can’t be found neither in
the framework base classes nor in the developer-created derived instances, the
invocation of those functions can fail silently without compromising the stability of the

whole system.

130



FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

5.2.2 Modality integration

Modality integration has been realized by leveraging the different modality generated
events and consolidating them at a higher level where the corresponding application
can treat them appropriately. This was achieved by implementing various mechanisms

in the ACTA backend and in the frameworks base classes.

The framework contains backing fields for modality events such as ButtonPressed,
SpeechRecognized and GestureRecognized. The ACTA backend was extended
accordingly to support these fields. When the user interacts with the Ul using touch
events and touch gestures, these interactions are interpreted into the corresponding
events and transferred to a higher level inside the application. For example, when the
user presses a button, it generated the ButtonPress event in the base class of the
application which is part of the framework. The base class contains the rule engine
that can run the loaded ruleset against such events. The user is then able to interact
with the Ul based on the functionality that has been coded into the application’s ACTA
script. The result of the activation of the different rules includes state changes and Ul
dialogues activation in the derived application classes. This way the sequence of the
application’s dialogues can be easily tweaked and rearranged by the developer as

needed.

A very useful feature of the FIRMA framework is the functionality it provides for
modality integration at two different levels. The various available modalities can be
integrated in the scope of an application’s dialogue screen where the developer has
to cater for each of the available modalities’ events and act accordingly. Another
approach would be the consolidation of the modalities into a single one and then
develop a corresponding modality handling script that caters for this consolidated
modality. Furthermore, modality consolidation can happen either in the scope of an
application’s dialogues or in the higher scope of application ACTA logic. For example,
if the user can press a button by touch, voice or gesture, the different modalities could
be consolidated into the button press in the scope of the application dialogue or in
the ACTA scripting logic scope which is at a higher level. The developer then would
only need to cater for the single touch press modality as the other two would
automatically get consolidated into the touch modality scope.
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Taking the modality events and raising to a higher level where they can be easily
handled by the ACTA script contributes to the modular nature of the proposed
framework’s architecture as the framework’s components are loosely coupled and
completely asynchronous. Additional modalities such as hardware switches and
different kinds of sensors and actuators can be incorporated into the framework with
minimal effort, extending the provided functionalities and conforming to the user’s

needs.

5.2.3 Dynamic rule activation to improve performance and prevent

instantaneous hopping among different states

While trying to incorporate all the different modalities and execute the desired action
from the ACTA script at a higher level, an interesting program behavior appeared.
There were apparent cases where a change in a property of the application’s base
class led to multiple instantaneous state hopping with adverse results. The issue was
further investigated and discovered to occur for the “State” property as well as for any
of the aforementioned modality back-end properties. This proved to be quite
interesting as these were the properties that were used the most in the ACTA script
which in turn was an expected occurrence, since these properties drive the application
logic. Additional code inspection and retrospection revealed the causes of this

behavior.

The hopping behavior that is discussed above was found to be caused by the way that
ACTA handles the activation and deactivation of rules at any given time. In order to
support the dynamic activation and deactivation of rules which is an inherent ACTA
functionality, the backend namely the instantiation and the management of the rule
engine has to take extra care of the initial status of each rule. When the rules are first
loaded into the rule engine, the engine creates an index that stores the initial status
of each loaded rule which can be either “active” or “inactive”. Later on, this
information is taken into account in order to minimize the number of concurrently
active rules during an instance run of the engine which in turn results into the increase

of the engine’s performance as it reduces the time needed to reach to a result.
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The activation of the engine is fully asynchronous and event driven. The backend holds
a list of all the available agents, namely the class instances that need rules to be run
against them in order to support reasoning functionalities. When a class needs to use
the engine’s functionality, it registers itself to the backend through conforming to the
PropertyChanged component model. This model dictates that whenever a property of
this class changes, the class is obliged to emit a PropertyChanged event which contains
the name of the property that has been changed. Whoever is interested into these
event changes, has to register to the EventHandlers of these events in order to be
notified accordingly. In this scope, the classes that want to support the reasoning
functionalities of the engine register themselves to the backend while the engine
starts listening for any changes in the classes properties. When a property of a
registered class changes, the engines detects the emission of the respective signal and
triggers an activation of the necessary rules over the instance of the class. This is an
asynchronous process that uses a concurrent queue to store the different changing
properties, making the consequent property changes as quick as possible. If the
change of the properties was a blocking process that had to wait for the engine to
complete each run, it would have catastrophic impact on the performance of the
system even though each run requires only a few milliseconds. This could easily be

observed when multiple properties were required to change over a single iteration.

Combining together the asynchronous nature of the engine runs, with the offline
registration of the initial state of each rule which was discussed above, pointed out
the origin of the multi-stage hopping behavior. Before each activation of the rule
engine, the system has to decide which rules are capable of affecting the state of the
class. In other words, the system is capable of filtering the rules that are involved in
each activation of the engine, based on their content. For example, whenever the
property “State” changes, it would be reasonable to only activate rules that have the
property “State” in their activation conditions list. The engine was able to filter out
rules that did not contain the changed properties in their activation conditions list,
which vastly increased the performance of the system, especially in cases where the

logic of the application was complex and required a lot of rules.
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The order in which the different rules were declared, played an important role in the
aforementioned adverse behavior as well. A specific example was discovered where
there were three rules that contained the property “State” in their activation
conditions list. Each rule was dependent on a different state of the application, but all
three of them had at least one transition that was caused by at least one modality. In
this specific example, the common modality was the press of a context-positive button

(See Figure 17).

State "statel"

ShowScreen("screenl");

when(ButtonPressed == "BUTTON_POSITIVE")
{
NextState = "state2";
}
}
State "state2"
{
ShowScreen("screen2");
when(ButtonPressed == "BUTTON_POSITIVE")
{
NextState = "state3";
}
}
State "state3"
{
ShowScreen("screen3");
when(ButtonPressed == "BUTTON_POSITIVE")
{
InteractionCompleted();
NextState = ReturnState;
}
}

Figure 17: Problematic ACTA snippet, leading to stage hopping

The above script snippet results into several rules, three of which have a logical
conjunction in their activations list that mentions both the property “State” and the
property “ButtonPressed”. The first rule required both that the state should be
“statel” and that the button should be pressed in order to trigger a transition to the
state “state2”. The second rule required that the state should be “state2” and similarly
triggered a transition to the state “state3” when the button was pressed. Finally the
third rule required that the state should be “state3” and it triggered a transition to an

“Exit” state when the button was pressed. The order of the declaration of the above
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rules in combination with the implemented backend functionality led to the state
hopping behavior. Whenever the application was in “state1” and the context-possitive
button was pressed, a run of the rule engine was triggered. All three rules were
activated during that run because all three of them contained the “State” property
into their activations lists. As a result, when the first rule was checked for pertinence
it was found to be applicable because the application was in “statel” and the button
had just been pressed. The activation of the first rule resulted into the application
being forced to transit to “state2”. Subsequently, when the second rule was checked
for applicability, it was found to be compliant because the application was already in
“state2” and the button had just been pressed because the engine was still in the same
run instance. As a result the application was instructed to transition to “state3” which
would be the reason for the activation of the third rule when it was checked for
applicability, resulting in the application being instructed to transition to the
“ReturnState”. The above workflow resulted into the application erroneously
transitioning between three different states during a single engine run cycle while

functionally skipping the respecting Ul dialogues.

This proved to be a logical error in the activation logic of the different rules during the
pre-screening process, right before the engine activation. It was apparent that only
the first of the three rules should be active during the first run of the engine because
it is the only rule that depends on the state of the application being “statel”. This was
extended to apply to all the other available modalities as well, and the above

undesired behavior was eliminated.

Similarly to the above, a few necessary auxiliary helper functions were added to the
engine’s backend to reset “used” properties after they had been involved into an
engine run cycle. For example, if an engine run cycle was triggered by the
“ButtonPressed” property, the property should be reset after that run cycle was
completed to avoid undetermined behavior in consequent run cycles caused by rules

that are based on that property.
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5.3 Interaction modalities

Designing and developing multimodal application for the elderly user group can be
very challenging due to the vast heterogeneity that characterizes it. Different users
are facing different difficulties in their everyday lives depending on their level of
cognitive and psychosocial functioning decline due to aging. The HRI (Human-Robot
Interaction) field can significantly help the users of this group, by adapting and
personalizing the functionalities and the behavior of household assistive robots to fit
the needs of their owners. Such needs are differentiated based on both the abilities

or disabilities and the preferences of the individual persons.

The modalities that have been developed and integrated into the proposed
framework range from speech recognition and synthesis to gesture recognition and
touch interactions. They all have been developed to be fully extensible and
configurable both at startup and at runtime so that they can change to reflect the
changing needs of the users or the dynamically changing factors of the surrounding
environment e.g. ambient lighting, environment noise, active electric appliances etc.
In addition, the configurable parts of the developed integrated modalities have been
offered as ROS services to the system, to support dynamic adaptation based on

interaction logic that runs outside of the tablet PC of the robot.

The developed interaction modalities are discussed in the following sections.

5.3.1 Speech Recognition modality

Speech is an effective and natural way for people to interact with applications,
complementing or even replacing the use of mice, keyboards, controllers, and
gestures. A hands-free, yet accurate way to communicate with applications, speech
lets people be productive and stay informed in a variety of situations where other

interfaces will not.

Speech recognition allows users to interact with and control speech-enabled
applications by speaking. The speech recognition modality has been included in the
available interaction modalities of the framework that is discussed in this thesis. The

users are given the opportunity and the possibility to interact with the robotic
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platform using their voice, in the form of simple vocal commands. This is a set of pre-
agreed verbal instructions that can be recognized and understood by the system,
encoded into the form of speech recognition grammars as discussed below. The
developed framework offers acquisition and monitor of speech input, support of
speech recognition grammars that produce both literal and semantic recognition
results, capturing information from events generated by the speech recognition, and
full configuration and management of the parameters of the provided speech

recognition engine.

The speech recognition engine that has been developed to cover the speech input
needs of the proposed framework is based on Microsoft Speech Platform v11.0 and is
fully configurable. The Microsoft Speech Platform is a product from Microsoft
designed to allow the authoring and deployment of IVR applications incorporating
Speech Recognition, Speech Synthesis and DTMF. The Microsoft Speech Platform SDK
provides a comprehensive set of development tools for managing the Speech Platform
Runtime in voice-enabled applications, including the ability to recognize spoken words
(speech recognition). Also included in the SDK, the Microsoft Grammar Development
Tools provide a comprehensive set of command-line applications that can be used to

validate, analyze and tune grammars for speech recognition.

A speech recognition grammar is a set of word patterns, and tells a speech recognition
system what to expect a human to say. For instance, in an auto telephone call
responder scenario, the user would be prompted for the name of a person (with the
expectation that his call would be transferred to that person's phone). The respective
application would then start up a speech recognizer, giving it a speech recognition
grammar. This grammar would contain the names of the people in the application’s
directory and a collection of sentence patterns that are the typical responses from
callers to the prompt. Microsoft’s Speech Platform can load and recognize speech
grammars written using SRGS-compliant XML markup. Speech Recognition Grammar
Specification (SRGS) is a W3C standard for how speech recognition grammars are
specified. An example SRGS grammar that was used in the Alarm Clock Application use

case can be found in Appendix II.
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The following points present the capabilities, configurability and adaptability of the

developed speech recognition module:

e The vocabulary and the variety of the individual equivalent commands that can
be used by the users and understood by the system can be tweaked to fit the
needs of the different users based on individual speaking habits. This means
that the users are able to interact with a customized pre-agreed set of vocal
commands based on their most frequent or everyday selection of words. The
design and development of individual grammars can be done offline in
cooperation with the end users who can select the sets of recognized spoken
words and commands individually.

¢ The recognition results can contain both literal and semantic annotations (e.g.,
command: Turn Off Light, semantics: Bedroom) which gives the possibility of
supporting different robot responds and reactions for different commands,
even if they are equivalent. In another example, the user could ask the robot
to either display the user’s daily calendar on the robot’s onboard screen by
saying “Show me my appointments”, or ask the robot “What’s on schedule for
today”. In the latter case, the robot can treat the request differently and
assume that the user expects some kind of response in addition to the
displayed information and hence provide additional auditory feedback by
“reading” the daily schedule to the user. Such differences in recognized
commands can be semantically annotated and treated differently but the
developed application’s logic. To this end, the framework supports this
annotation mechanism by providing dedicated back-end annotation fields
which can hold the reason behind the robot’s actions at any given time. This is

discussed in more detail in section 5.5 in this Chapter.

e Furthermore, the speech recognition confidence threshold is able to be
configured and adapted individually for each user based on the selection of
spoken commands, the pronunciation clarity of the user’s speech as well as the
level of ambient noise and the distance between the robot and the user. This
means that the higher the potential confusability factor of the selected

phrases, the higher the recognition cutoff threshold should be. Furthermore,
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the recognition threshold should be lowered as the user and the robot moves
away from each other, or increased in cases of higher ambient noise. In this
scope, the developed speech recognition engine can provide useful
information regarding the quality of the input audio signal by providing insights
about potential problems when the audio input has too much background
noise, when it is too loud, too quiet, too fast or too slow, or when no audio
input signal is detected (which most probably refers to hardware failures).
Furthermore, the engine can differentiate between receiving silence or non-
speech background noise and receiving speech input so that the
Communication Planner submodule (discussed in 5.8.2) can turn the speech
recognition engine on and off. Figure 18 shows a Speech Recognition instance
performing speech recognition, where the ASR engine has successfully
recognized a literal phrase with a confidence level above the predefined
threshold. The recognition confidence is around 55%. The recognized phrase
has attached semantic annotations, while the ASR engine has informed the
framework that the audio signal had been too soft, hence the relatively low
recognition confidence. Finally the engine instance has provided an update on
its status, including a list of currently loaded grammars as well as their current

state (active or inactive).

1 C\Users\kazepis\Repositories\PhD\HumanRobotCommunication\RobotUl.. = ':'-

pdate reached:

TimeGrammar .en—US grammar loaded and enabled.
MenuGrammar.en—-US grammar loaded and enabled.
MenuPages.en—US grammar is loaded and enabhled.

Audio signal problem information:
Audio level: a
Audio BR:PB:-83 . 7500000

Audio gnal problem: TooSoft
Recognition engine audio position: G8:00:83.42600000

on schedule for today?

Figure 18: Speech Recognition instance showing the recognition of a literal phrase along with attached semantic
annotations, potential audio signal problems and engine status regarding the set of loaded speech recognition
grammars.
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e In addition, voice prompts that can be easily confused or cause false positives
can be easily identified and preferably avoided. The Microsoft Speech Platform
provides a tool called Confusability that can run on user defined grammars,
analyze them and recognize phrases that could potentially be misrecognized
for other phrases in the grammar(s). That is, the tool detects the risk that one
phrase may be falsely accepted for another phrase. The tool may detect the

following types of confusable phrases:
o Homonyms (for example “fly it” and “flight”; “bare” and “bear”)
o Near homonyms or rhyming phrases (for example “bag it” and “tag it”)

o Unintuitive confusable phrases that the recognizer identifies as having

overlapping acoustic similarities (for example “stop” and “up”)

The tool provides a metric that quantifies the degree of these risks. The output
of the tool can be used by the designer of the specified grammar to tweak it in

order to avoid potential misinterpretation of ambiguous utterances.

The provided speech recognition engine instance loads and compiles all SRGS
grammars that it finds in a configurable folder at startup. Compiling XML grammar
to a binary grammar file with the .cfg extension can reduce the time consumed by
searches for a match, especially in grammars that require recognition of a large
number of words and phrases.

Compiled grammars can be loaded and unloaded at runtime to reflect the needs
for speech recognition for the currently running application at any given time.
The startup and shutdown or the temporary disablement of the speech
recognition engine is the responsibility of the Communication Planner as discussed
in 5.8.2. For the rest of the developed applications, the usage of the speech
recognition engine is transparent. The framework provides the necessary
mechanisms for mapping the various provided user controls with the respective
SRGS grammars that have been developed for this purpose as discussed in 5.2.2.
The applications that have been developed based on the proposed framework can
access the speech recognition engine at any given time through the Singleton

instance design pattern.
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e |n addition, the functionality for runtime grammar manipulation is made available
through a ROS service to the rest of the robot’s applications that don’t run on the
tablet PC.

e Finally, the implemented speech recognition engine complies with the IDisposable
design pattern which is implemented to ensure the proper disposition of the

managed resources of the engine, namely the speech recognizer object.

5.3.2 Speech Synthesis modality

The most common way for human interaction to understand each other is through
communication with each other, so as in the human robot interaction. The ability to
talk is one of the most important technologies in the field of intelligent robotics. When
it comes to talk there are two basic type of signal transmitted by people: Auditory and
Visual. Speech synthesis is a crucial ability for auditory signal. Speech synthesis is the
computer-generated simulation of human speech. It is used to translate written
information into aural information where it is more convenient, especially for mobile
applications such as voice-enabled e-mail and unified messaging. It is also used to
assist the vision-impaired so that, for example, the contents of a display screen can be
automatically read aloud to a blind user. Speech synthesis is the counterpart of speech

or voice recognition.

The speech synthesis modality of the proposed framework has been based on the
speech engine functionality provided by the Microsoft.SpeechSynthesis namespace.
This namespace contains classes that offer the initialization and configuration of a
speech synthesis engine, the creation of prompts, the generation of speech, and the
modification of the synthesized voice characteristics. Speech synthesis is often

referred to as text-to-speech or TTS.

A speech synthesizer takes text as input and produces an audio stream as output. A
synthesizer must perform substantial analysis and processing to accurately convert a
string of characters into an audio stream that sounds just as the words would be
spoken. The easiest way to imagine how this works is to picture the front end and back

end of a two-part system.
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The front end specializes in the analysis of text using natural language rules. It analyzes
a string of characters to determine where the words are (which is easy to do in English,
but not as easy in languages such as Chinese and Japanese). This front end also figures
out grammatical details like functions and parts of speech. For instance, which words
are proper nouns, numbers, and so forth; where sentences begin and end; whether a
phrase is a question or a statement; and whether a statement is past, present, or

future tense.

All of these elements are critical to the selection of appropriate pronunciations and
intonations for words, phrases, and sentences. For example, in English, a question
usually ends with a rising pitch, and the word "read" is pronounced very differently
depending on its tense. Clearly, understanding how a word or phrase is being used is
a critical aspect of interpreting text into sound. To further complicate matters, the
rules are slightly different for each language. So, the front end must do some very

sophisticated analysis.

The back end has quite a different task. It takes the analysis done by the front end
and, through some non-trivial analysis of its own, generates the appropriate sounds
for the input text. Older synthesizers (and today's synthesizers with the smallest
footprints) generate the individual sounds algorithmically, resulting in a very robotic
sound. Modern synthesizers, use a database of sound segments built from hours and
hours of recorded speech. The effectiveness of the back end depends on how good it
is at selecting the appropriate sound segments for any given input and smoothly

splicing them together.

The developed speech synthesis engine instance uses Microsoft’s Speech Application
Programming Interface (SAPI). SAPI is an APl developed by Microsoft to allow the use
of speech recognition and speech synthesis within Windows applications. In general
the Speech APl is a freely redistributable component which can be shipped with any
Windows application that wishes to use speech technology. Many versions (although
not all) of the speech recognition and synthesis engines are also freely redistributable.
Furthermore, all versions of the APl have been designed such that a software
developer can write an application to perform speech recognition and synthesis by
using a standard set of interfaces, accessible from a variety of programming
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languages. In addition, it is possible for a 3rd-party company to produce their own

Speech Recognition and Text-To-Speech engines or adapt existing engines to work

with SAPI. In principle, as long as these engines conform to the defined interfaces they

can be used instead of the Microsoft-supplied engines.

The speech synthesis engine that has be developed to cover the speech output

modality needs of the proposed platform uses SAPI to access pre-installed windows

synthetic voices, Microsoft’s Speech Platform’s installed voices as well as voices from

third party companies such as Nuance®. Furthermore it is able to adapt to fit the needs

of the individual users as well. The following points present the capabilities,

configurability and adaptability of the developed speech synthesis module:

The auditory output of the system is based on artificial voice synthesis where
the volume can be adjusted based on both the needs and the preferences of
the users as well as the distance between the robot and its user or the levels
of the surrounding environment noise. The user is able to define a minimum
and maximum volume threshold for the speech synthesis engine so that the
volume of the synthesized speech output gets adjusted accordingly. The
further the robot is form the user, the higher the volume of the speech
synthesis output is. When the robots gets “out of range” (according to a
predefined value), the speech output is disabled. This is also the case when the
user doesn’t want to be disturbed or for some reason the robot shouldn’t be
permitted to talk (e.g. someone is sleeping in the same room). Furthermore,
the volume of the produces speech output is adjusted accordingly to the

surrounding environment ambient noise.

In addition, the rate of the synthesized speech can also be configured to
achieve a comfortable speaking pace based on the user’s preferences or

hearing acuity.

Moreover, the option to choose either a male or a female synthetic voice is

provided.

9 http://www.nuance.com/for-business/mobile-solutions/vocalizer-expressive/index.htm
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e Furthermore, the a-priori adaptation of the pitch of the sound output of the
tablet PC of the robot can be adjusted from inside the operating system or by
switching the output of the speech engine to local wav files which can be

accordingly adjusted and then played back by the system.

e In addition, the engine raises events for the SpeechStarted and
SpeechCompleted operations that are utilized at a higher level to switch on

and off the speech recognition engine as described in 5.8.2.

e Finally, the runtime adaptation of the pitch of the speech synthesis output
modality has been implemented based on the NAudio and SoundTouchNet
open source libraries. In order to be able to control the pitch of the synthetic
voice, the speech synthesis output modality has to be configured to provide its
output as a .wav audio file. This file can then be opened with the help of the
NAudio library, edited with the help of the SoundTouchNet library and played
back using the inherent support of the .NET framework. NAudio is an open
source .NET audio and MIDI library, containing dozens of useful audio related
classes intended to speed development of audio related utilities in .NET. It has
been in development since 2002 and has grown to include a wide variety of
features. In the scope of the current thesis, it has been used as a means to
open and read the created speech synthesis audio files. SoundTouch is an
open-source audio processing library for changing the Tempo, Pitch and
Playback Rates of audio streams or audio filesas well as it supports estimating
stable beats-per-minute rates for audio tracks. The library was originally
written in C++ while the SoundTouchNet wrapper has exposed the desired
functionality to the .NET framework. The SoundTouch library is intended for
application developers writing sound processing tools that require
tempo/pitch control functionality. As a result, the library was ideal to cover our
needs. The library was recompiled for the purposes of the current work with
its parameters being optimized to handle speech input more effectively. The
output raw sound input from the NAudio library was given as input to the
SoundTouchNet wrapper which invoked the underlying library to adjust the

pitch of the synthetic voice accordingly. The output was then written back to
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a .wav audio file with the help of the NAudio library and played back using

native .NET playback controls.

5.3.3 Gesture Recognition modality

Gesture recognition is the process by which gestures made by the user are made
known to the intelligence system. Gesture recognition plays a significant role in
Human Robot Interaction since it adds a natural dimension to the interaction process.
People inherently use their hands when talking to convey their thoughts, intentions
and feelings. Providing robotic platforms with a way to understand this kind of body
language, opens new dimensions for intelligent household robotics that can

understand their user more accurately.

The gesture recognition modality has been integrated into the proposed framework.
The speech recognition engine that has been developed to cover the gesture
recognition modality needs of the proposed framework is able to understand a
predefined set of gestures that are relatively easy to perform and be remembered by
the end users of the platform. FORTH’s gesture recognition module [140], [141]
provided by the CVRL lab has been used to this end. This gesture recognition module

is subdivided into three more submodules:

a) A submodule capable of tracking the upper body joints, the hand and fingers
and the full 3D skeletal body of a standing and sitting person. When tracking
the upper body joints, the module detects the 3D position for the shoulders,
elbows, wrists, head and torso joints (See Figure 19 left and Figure 21 right).

b) A submodule capable of tracking the person’s full body. The tracker of this
module detects additionally the 3D position of hips and legs joints (See Figure
19 right and Figure 21 right).

¢) Finally, a submodule for tracking the hands and fingers of the person. The
tracker of this submodule needs the 3D position of the palm and finger joints.

(See Figure 20 and Figure 21 left).
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Figure 19: Left: 3D skeleton detection and tracking of the upper body required for a sitting human in order to
perform gesture recognition. Right: Full 3d skeleton-based body detection and tracking.

15 - | N n

Figure 20 Left: Detection and tracking of only 1 hand and its fingers. Right: Integrated 3D detection and
tracking of upper body and 2 hands/fingers.

Figure 21: Left: Full skeletal-based hand and (right) body models used for 3D detection and tracking of body
parts towards gestural recognition interface. Hand model involves 1 joint for the palm, 3 joints for the thumb
and 4 per finger. The skeletal body model involves 3 joints per limb (for arms and legs) and 4 for the main torso
(hip centre, torso, neck, head). An upper body model is a partial model involving the hip-center, torso and rest
joints of the upper body.

Regarding the functional specifications of the gesture recognition module, gestures
based on hand/fingers detection/tracking, have a working range of 0.6 — 2 meters with

respect to the camera. For the needs of the tracker, only hands and fingers are
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necessary to be observable by the camera. For gestures based on upper or full body

detection/tracking their working range is 1 — 4 meters with respect to the camera.

Finally, the camera should face the user’s body front-o-parallel when being placed in

a horizontal pose or can be placed higher and observe the user’s body being tilted

down up to 30 degrees.

The following table contains a sample subset of gestures that have been implemented

[136] and their potential mapping to robot commands.

User

robot 2-3 times.

Id Gesture/Posture Robot command
Command
Thumb up Provides a positive response to
1 Yes -palm closed confirmation dialogues. YES
’ (close-up- range interaction) gesture.
Index finger up and waving-palm Provides a negative response to
2 No closed confirmation dialogues. NO
(close-up- range interaction) gesture.
Both open palms towards the robot . .
3 (close-up-range or normal- range Terminates an on-going robot
Cancel : p-range g behaviour/command.
interaction)
The furthest arm from user torso Pointing to an object or place in
4 Pointing pointing a direction in 3D space. 3D space using an extended arm
for 2-3 seconds.
Circle gesture
-open palm circular movement towards
5 the robot Rewards the robot for an
Reward (at least one complete circle is needed) | accomplished action/task.
(close-up- range or normal- range
interaction)
6 Emergency S:L:::cthiﬁ;i)s pose (normal- range Signifies an emergency situation.
Raise either of the hands and open the
7 Come closer palm toward the body. Bend the angle Initiates a procedure for the robot
toward the body and back toward the to further approach a sitting user.

Table 2: Sample gestural vocabulary supported by the Gesture Recognition Engine

The gestures 1-2 require module C and optionally A. For module C, the 3D positions of

the joints corresponding to palm and fingertips T1-T5S is required to be provided per

frame in order for gestures 1-2 to be functional. Finally, gestures 3-7 require module

A and optionally B.

In Figure 22 the set of the above hand and finger-based gestures is demonstrated.
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Figure 22: A sample of hand and finger-based gestures that are supported by the engine. (a) "YES” and (b)
"NO” gestures utilized for confirmation dialogues. (c) “Cancel” command that can be used for close-up- and in-
range interaction. (d) The pointing gesture indicates an object on the floor to be picked up. (e) A "reward”
gesture can be performed to thank the robot for an accomplished task (one or more circles). (f) The "Help-me”
gesture can be used to trigger an emergency task, (g) "Come closer” gesture, which issues the robot command
to further approach a sitting user and enable reaching the touch screen if the robot was initially places too far
away.

The gesture recognition module runs on Linux and exports the provided functionality
through the ROS operating system. A bridge has been developed between ROS and
Windows that run on the tablet PC in order to be able to integrate the gesture
recognition results in the proposed framework. The bridge was implemented using

ROS.NET® which is described in 5.11

5.3.4 Touch modality

The touch modality refers to the interaction that takes place between the human and
the touchscreen tablet pc that is onboard household robotic platforms. Touch is an
important aspect of human robot interaction because it consists a natural human
approach. Selecting between desired items, reaching for different types of controls
and adjusting various sensors are all part of humans’ daily lives. The simulation of such
daily activities can be done by using a touchscreen tablet PC that can be used both for

output and input form the users to the robotic platform.

10 https://github.com/nickkazepis/ROS.NET
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The proposed framework integrates all the aforementioned modalities into a seamless
set of interaction modes between the robot and its users. This results into a more
natural nature of interaction, since the user is free to choose how to interact with the
system based both on his/her preferences and the context of interaction. The robot
can display its output on the onboard touchscreen device and use sound at the same
time as redundant auditory feedback just like when people interact with each other.
Furthermore, the robot is able to understand touches on the touchscreen device,
gestures in front of the monitoring image acquisition sensors as well as speech
commands given by the users. This provides redundant feedback provision which has

been proved to be necessary especially when designing for the elderly user group [40].

Regarding the Graphical User Interfaces that are being produced based on the

proposed framework, they are tailored to the needs of the end users.

The framework’s building blocks have been designed based on the user-centric design
principles and based on simplicity and clarity of the individual modes that each module
represents (e.g. time selection module, binary decision module, multiple selection

option module etc. [see 5.4]).

Furthermore, the used vocabulary can be easily adapted to the cognition levels of the
users. The generated Uls are inherently translated into the user’s native languages,
with the translation files provided by the framework and fine-tuned by the users. In
other words, the produced user interfaces are globalization and localization ready
since the necessary language translation files are automatically generated by the
system at runtime and can be edited offline by the developers of the developed

applications.

Finally, the framework provides quick exit shortcuts to the main menu and access to
emergency scenarios in an effort to increase the level of acceptance of this kind of
technology and contribute to higher levels of user confidence and satisfaction while
adding to the whole seamless user experience. This results into the user not being
afraid or hesitating to use the system, since there are clear visible interaction paths

that can take them to the desired functionalities of the system.
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5.4 Multimodal Ul framework

The slideshow approach
The software that runs on the robotic platform is a suite of applications and programs.

Each application can be started from the main menu screen that acts as a placeholder
for all available installed applications. Each application is a collection or sequence of
different dialogue screens that are organized per application. Every dialogue can be
handled in an autonomous way thus adding to the flexibility of the system while
contributing to loose coupling of the architectural components.

The RobotApp Base Class

The proposed framework provides an easily extendable, modular, concrete set of Ul
components, base-classes, building blocks and tools for developing multimodal
interactive applications targeted primarily to elderly users in the context of
applications that run on a domestic robotic platform. In this scope, various adaptable
and adaptive user interface components were designed and developed to support the
creation of applications. The developed components fit together in a seamless manner

that provide a universal look and feel for the created applications.

The framework was designed and developed having in mind that the set of
applications that are going to be developed can be independent from each other. In
other words, each developed application should be able to function on its own,
register itself to the “application suite” of the robot, and manage its own state and
status. All created applications should be provided as system plugins that can register
themselves with the robot and become part of the system’s add-on functionality. To
this end, a base class, namely the RobotApp base class, was provided so that every
newly created application should derive itself from it and use it as a stepping stone for

building on it all the additional necessary functionality.

The applications’ base class was designed to include support for frequent user actions
and daily tasks that have multiple applications such as the need for setting up a desired
time. Setting up a specific time is a task that is present in the everyday life of the users
of our target group. The applications of a selected time can vary from setting up an
alarm, scheduling a record command for a favorite TV program, setting up a timeout

countdown to remember to check on a baking cake, of creating a reminder for the
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intake of necessary medication. To this end the applications base class provides all the
necessary functionality for specifying a desired time in the granularity of specifying
the exact hour, minutes and am/pm segment of the selected time. This has been
supported by the introduction of auxiliary helper classes that conform fully to the

property change notification component model.

A very important piece of functionality that was implemented into the applications’
base class is the capability of monitoring time and providing timed events. This can
have multiple applications as the developers are given the possibility to include
timestamps and timed events in their ACTA scripts. Applications that are composed of
multiple Ul dialogues can specify whether or not they need time tracking for each of
their dialogues independently. Whenever the application transitions to a new state
and a new Ul component is displayed, the backend respect’s the dialogue’s preference
for activating or deactivation the time keeping functionality and act accordingly. This
process takes places transparently to the developer during the loading and unloading
of the various Ul dialogues. The time keeping functionality is implemented by the
utilization of system timers that can become active or inactive according to the
application’s needs. The usage of system timers to support the tracking of time,
introduced the need for conforming to the IDisposable system interface in order to
provide the functionality for properly disposing and releasing managed allocated
resources, namely the timers. Furthermore, the base class was required to conform
to the property changed component model as well in order to be able to provide
notifications that signal the invocation of the reasoning engine as discussed above in

the previous sections.

Every created application is composed of numerous states and dialogues with each
state usually corresponding to a different Ul dialogue while a dialogue can match to
one or more states independently. Applications are characterized by a starting state
which is the initial state that the application is in when the system first starts up. Each
created application is required to provide some basic information to the system,
regarding its name, its icon and its starting state in order for the system to be able to

recognize, initialize and display the application properly.
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Furthermore, applications are provided with an instance of a Universal Translator
engine that is used for automatically and transparently translating the various Ul
components into the user’s native language (See 5.6) which is a process that
automatically takes place during the Ul initialization without the intervention of the
programmer. In addition, a reference of the last displayed piece of Ul dialogue that
the application used to display on screen is kept in order to maximize performance
without any significant memory overhead when applications come back to the
foreground switching back from another system app, or when navigating back and
forth from the main menu. When the application shuts down, the systems
automatically creates any missing translations if instructed to do so by the

application’s configuration file.

Moreover, the base class provides applications with an instance of a Windows
Workflow Foundation rule engine that can be used to run the rules that are generated
from the application’s ACTA script in order to implement adaptation scenarios or high
level application functionalities. When the application is initialized, the WWF rule
engine instance gets initialized accordingly and the application rules are loaded into
the reasoning component. The application is then capable of loading additional rules

on demand to fine tune or tweak its functionality.

Backing fields for the integration of the different modalities have been added to the
applications’ base class as well. The necessary arrangements have been made to
accommodate for the implementation of the touch modality, the gesture recognition
modality and the speech recognition modality in a way that it is extensible so that it
can be modified to incorporate additional modalities in the future. Furthermore, a set
of abstract base function have been provided which are already hooked to the
different interaction modality events such as the recognition of speech or gestures. If
the developer wants to incorporate a modality into his/her application, all he/she has
to do is implement the corresponding modality callback function and populate it with

the desired functionality.

The state in which the application is in at any given time is closely monitored and
stored in the base class as well. Apart from the current state, the previous state of the
application is also tracked as well as an additional special state holder, namely the
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ReturnState register. This field is responsible for holding the desired state that the
program should transition to, after completing intermediate tasks such as a time
selection task or the display of an urgent notification on the screen. During the
applications’ state changes, the backend asks the permission of the Communication
Planner (as discussed in 5.8.2) and then all the state fields are updated accordingly.
The activation or the deactivation of the time keeping functionality is adjusted and the
reason behind the state change is recorded if available. This contributes to being able
to handle the state changes differently according to the reason behind them that
caused the respective transitions. For example, it is different for the user to ask the
robot to show him/her the time or ask the robot the question “What time is it?” in
which case the robot should be smart enough to respond verbally as well, adding to

the whole natural experience of the interaction.

Calling an application to appear on screen is as easy as displaying the last displayed
dialogue of the application which is always saved in the base class for all applications,
or if the application hasn’t been initialized yet, instructing the application to transit to
its starting thread which will cause the starting Ul dialogue to be displayed because of

the state transition.

Finally, the base class provides all the necessary virtual function for displaying
application dialogues on the screen. These functions already contain some of the
provided functionality for communicating with the Communication Planner for
permission, or implementing frequent tasks’ logic and functionality such as the time

selection task which can be found throughout the daily life of the elderly.

The following sections discuss the different Ul components that were developed.

5.4.1 Ul components design and implementation

The RobotAppScreenBase Dialogue Class
While all apps that are built using the proposed framework must derive from the base

class RobotApp as discussed above, all the dialogues that the applications create must
derive from the RobotAppScreenBase base class. The RobotAppScreenBase class in
turn derives from the UserControl class of the WPF framework, making all the created

dialogues to be user controls that can be added to the main window and displayed on
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the screen when needed. This dialogue base class provides all the necessary
functionality to transparently support the automatic translations of the created
dialogues, the integration of the different modalities as well as the automatic
augmentation of all the used textboxes so that a virtual on screen keyboard
automatically appears when the users tries to give input.

The RobotAppScreenBase creates a reference to the parent application to which each
dialogue belongs in order to provide access to all the application’s class members,
functionalities and translations. When the dialogue is instantiated and loaded on the
screen, it registers itself with the adaptation manager so that it can be automatically
and transparently adapted to the preferences of the user, tweaked to match his
literacy or experience regarding electronic devices, as well as adapted to the
environmental context that the robot is in. Subsequently, the different modality hooks
are created, namely the speech and gesture recognition modality hooks, so that the
dialogue can recognize and respond to input coming from the various supported
modalities. In the meantime, any potential speech grammar that are supported by the
dialogue are loaded into the speech recognition engine and the parent application is
informed whether the dialogue needs the time keeping functionalities that the
application supports. Similarly to the above, when a dialogue get unloaded because
either the application has something else to display, or it gets taken off screen in order
to show the main menu, the opposite workflow takes place, unloading loaded
grammars, unhooking modality hooks and unregistering the dialogue instance from
the adaptation manager. Specifically regarding the different supported interaction
modalities, the framework supports wired-up virtual functions (defined in the
dialogues base class) which can be overridden in the dialogues in order to provide
input from the modality engines.

The translation of the created dialogues is a process which is automatic and
transparent to the developer. When a dialogue loads on the screen it is automatically
translated to the current Ul language by the provided translation engine of the parent
application. To this end, there were provided all the needed auxiliary helper functions
that support the traversal of the Ul's visual tree, in order to find all the Ul elements
that can and were meant to be translated. These functions scan the entire visual tree

of the dialogue, find all dependency objects, search for all translatable elements and
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pass them to the translation engine. Text blocks and labels are inherently translated
while the content of content controls is in turn traversed in search for translatable
items as well. Finally, all components that conform to the created translatable code
interface are instructed to initiate their translation process.

Finally, the dialogues base class contains the functionality for automatically
augmenting the use of textboxes by hooking on their GotFocus event and dispatching
a virtual on screen keyboard for providing the users with the means of giving input to
the system. When the user touches a textbox, it get system focus end emits the
GotFocus event. This event is captured by the base class and a new dialogue is
automatically created, containing the textbox, the virtual keyboard and two buttons
for accepting the changes or canceling the process. When either the changes are
accepted or the process is canceled, the user is navigated automatically to the
previous dialogue which contained the textbox, whose contents are now containing
the input text. The process can be repeated as necessary by touching the textbox

again. The auto-generated keyboard dialogue

The Virtual Keyboard
For the input needs of the target user group, there was a need for an on-screen virtual

keyboard which could be translated to the user’s native language while being
adaptable and adaptive both to the users’ needs and the context of interaction.
Solutions like the WpfKeyboard!! could not cover neither the adaptation needs nor
the translation functionality that was needed. Their approach however modular in the
sense of extensibility and scalability was too monolithic in terms of how it was
displayed on the screen. Furthermore, that approach was not based on a virtual
keyboard but rather on the utilization of a custom made input simulation engine'?
which was propagating the keyboard events to the operating system. However, since
the windows operating system does not provide robust APIs to support such
functionality, the discussed approach was based on, if anything, clever hacks which

caused unexpected results and side effects when used with the latest operating

11 https://wpfkb.codeplex.com/
12 https://inputsimulator.codeplex.com/
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systems including windows 8, 8.1 and 10. As a result a fully configurable, adaptive,

adaptable and translatable keyboard was built from scratch.

w e r t u I o G
9 y space
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Figure 23: The developed adaptable and adaptive custom virtual keyboard
The keyboard was  built dynamically using CaseSensitiveKeys and
TogglingModifierKeys which were both derived from a uniform LogicalVirtualKeyBase
base class. The translation of the keyboard is merely a matter of remapping the
content of the case sensitive keys to the content of the target language. The toggling
modifier keys operate the same independently of the selected language. The keyboard
user control conforms to the ITranslatable code interface so that it can automatically
translate itself to reflect the selected language. The main keyboard is divede into four
zones, namely four rows, each of which can contain multiple case sensitive or toggling
modifier keys. The keyboard was built based on the touch input guidelines concerning
older adults and touch devices. Springs were used as needed in order to provide the
extra spacing between different parts of the keyboard. These springs are special
buttons whose visibility becomes hidden at runtime. As a result, the keyboard takes
its final form with the spring buttons being invisible to the end user while continuing
to occupy the dedicated space since their visibility attribute is set to hidden instead of
collapsed. The different button events are wired up in the base class of the keyboard
while the display of the buttons is achieved using a uniform WPF grid of four rows one
for each row of buttons. Button distribution is realized by special grid distribution
attached properties so that each button can occupy a different amount of space on
the screen which can be configured as needed. The final appearance of the buttons is

determined by applied data templates and styles for the different involved user
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controls, which is a very flexible and valuable functionality that is offered by the WPF
foundation.

The Keyboard Input Dialogue

The created virtual on screen keyboard user control that is discussed above, was used
to create a bigger application dialogue that was used for the augmentation of the

framework’s textboxes.

Insert your message below:

q w e r t y u i o 4] Back space
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Figure 24: The virtual keyboard application dialogue used for the augmentation of textboxes.

Whenever the user clicks on any of the used textboxes on any dialogue that has
derived from the RobotAppScreenBase dialogue class, the above dialogue is displayed
on the screen to facilitate user input. The dialogue consists of a placeholder textbox
(which is intentionally not augmented as this would cause an infinite interaction loop),
an instance of the virtual keyboard and a couple of buttons that can be used for
accepting or rejecting any changes made. The user can use the displayed virtual
keyboard to input the desired text. Visual feedback is provided in the textbox above
the keyboard. Upon accepting or canceling any changes, the user is taken back to
whichever dialogue was displaying before the keyboard dialogue and any text is
transferred to the respective textbox of that dialogue if the user had chosen to
acknowledge the changes. Similarly to the keyboard user control, the special spring
buttons that are used for real estate layout are hidden to the final users as the
keyboard adapts to the context of interaction which is discussed in the adaptation

section of this chapter.
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Options Presenter
An options presentation user control was created to facilitate the case where the user

needs to choose one among different options. The provided dialogue screen contains
a panel that can be automatically populated with any amount of options. A

representation of the options presenter dialogue can be seen in Figure 25.

Please select an operation

FE

Home control Alarm / Clock Cooking Aid

T a

Medication Weather Other Activities

Figure 25: The options presenter dialogue screen that can be used when the user has to select one among any
amount of options.

The options screen is a dynamic auto-translatable application dialogue that is derived
from the RobotappScreenBase base class. The different options are populated
automatically through a developer provided collection of dynamic objects, each of
which must provide a name, an icon, and a function that it wants to be executed upon
its selection. It supports activation through the different available modalities and as
such it accept a user-defined grammar to be loaded upon its display, to be used for

speech or gesture recognition purposes.

The options pane can contain any amount of different items. The system automatically
calculates how many of the available options can be displayed on the screen, how
many pages of options have to be created and whether navigation buttons (i.e.
forward and backward navigation buttons) have to be enabled or not. Predefined
grammars are provided and can be automatically loaded by the system to support the
backward and forward navigation. These grammars can of course be overridden by
user-provided ones. The navigation buttons are automatically shown as active or

disabled according to whether the user can navigate forward or backwards. This is
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achieved by binding the Ul buttons to backing dependency properties that get
updated accordingly while automatically triggering the binding to update to reflect

the changes.

Finally, the options screen automatically translates its caption and its back and
forward buttons, however the contained items should be provided already translated
because the content is context-specific and there isn’t any apparent use case where it
should be translated by the dialogue and not by the application that is using the

dialogue.

Content Placeholder

Positive Negative

Figure 26: The binary decision framework dialogue containing the content over which the decision has to be
made, the positive action button and the negative action button.

Binary Decision Dialogue
The binary decision framework dialogue is utilized in cases where the user has to make

a decision between two things. This can refer to deciding whether to accept or reject
changes, whether to add or cancel the creation of an alarm, as confirmation dialogues

for destructive actions such as the deletion of data, etc.

The binary decision dialogue consists of a simple user control screen containing the
content over which the decision has to be made and two buttons, one for taking
positive action and one for taking negative action. For example, when adding a
reminder, the content of the dialogue would be the user interface displaying the
reminder itself, the positive action would be the saving of the reminder and the

negative action would be canceling the creation of the reminder.
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<DataTemplate x:Key="stringTemplate”>
<TextBlock Text="{Binding}"/>
</DataTemplate>
<fw:TypeTemplateSelector x:Key="TypeTemplateSelector”
StringTemplate="{StaticResource stringTemplate}" />

<ContentControl Grid.Row="@" Grid.ColumnSpan="2" Hcri:5ntalAlignnent="CeﬁtEr"
VerticalAlignment="Center” x:Name="BDContent” Margin="5&"
ContentTemplateSelector="{StaticResource TypeTemplateSelector}"/>

public class TypeTemplateSelector : DataTemplateSelector

{
public DotaTemplate StringTemplate { get; set; }
public override System.iWindows.DotaTemplaote SelectTemplate(object item, DependencyObject container)
{ -

if (item is string)
return StringTemplate;
return base.SelectTemplate(item, container);

Figure 27: The data template used to style string contents, the type template selector object instantiation
(top), the content control object that is used as a placeholder for the dialogue’s content (middle) and a
fragment of the backend implementation of the type selector classes (bottom).

Figure 26 displays a generic binary decision dialog with the two available answers as
well as the placeholder where the content (on which the decision has to be made) will
be placed. The content of this dialogue can range from a single string or textblock to
a however complex user control. To achieve this, a content presenter placeholder has
been used (provided by the WPF framework) and the necessary type template
selection helper classes have been developed to style the contained content
accordingly. For example Figure 27 shows the data template that was used for styling
strings, the instantiation of the type selector object, the content control that was used
as a placeholder for the binary decision’s content and a fragment of the code behind
the binary decision that implements the type selector functionality for string contents.
Finally, the binary decision dialogue is accompanied by a text to speech prompt which
can be used for using the speech synthesis output modality and customizing the actual
words that the programmer wants to be spoken to the user when the dialogue is
displayed.

Notification

The notification dialogue is a dialogue capable of displaying any content in terms of
notification. It derives from the RobotAppScreenBase base dialogue class as well and
it provides the functionality for being automatically dismissed after a predefined
configurable amount of time. To achieve this, the notification dialogue utilizes the

time keeping functionalities of the base class. The time parameter that specifies the
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timespan for which the dialogue will be visible on the screen can be easily specified in
the ACTA script of the application. Similarly to the binary decision dialogue it supports
the text to speech output modality that can be configured if the developer of the

application wants the robot to be able to read the notification text to the user.

Notification Title

Lorem Ipsum is simply dummy text of the printing and
typesetting industry. Lorem Ipsum has been the
industry's standard dummy text ever since the 1500s,
when an unknown printer took a galley of type and
scrambled it to make a type specimen book.

Figure 28: A sample auto-dismissable notification framework dialogue.

Spinner
The spinner user control was developed to facilitate the user when he has to choose

among numeric or literal values. It comprises a caption, a selected value and two
buttons, one for moving on to the next value and one for moving on to the previous

one. It can work both for numeric and string arguments.

When it is used for numeric values, a minimum and a maximum value can be specified
as well as the behavior of the control when it reaches one of the two ends of the value
field. The developer can specify whether the behavior will be that the control will wrap
around the edges or simply stay to the corresponding limit. Dependency properties
can provide the minimum, the maximum as well as the currently selected value of the
control at any given time. The selected numeric value in particular, is also provided in
a string representation format for convenience purposes when it is to be used with

data bindings in the Ul frontend.

On the other hand, when the spinner is to be used with literal values, an ordered list

of the possible string values must be provided to the control. The developer is then
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allowed to choose one of these values as the initial value, while the two buttons when

pressed cause the control to move on and display the previous or next value in the

12

Caption

value list.

Figure 29: The spinner user control. Numeric values in black, literal values in orange for readability purposes.

The spinner user control does not derive from the RobotAppScreenBase base class as
it does not need the functionality that the class provides. On the contrary, it is derived
directly from the WPF foundation’s UserControl class in order to be able to be
embedded in bigger user controls or robot application dialogues. The control registers
itself with the adaptation manager on initialization so that it can adapt to the colors
and sizes of the application based on the context of the interaction. Furthermore it
complies with the ITranslatable code interface and the INotifyPropertyChanged
interface component model. The former ensures that the control will be able to
translate itself based on the translation engine provided by the parent application it
belongs to, while the latter provides the necessary notifications when the value
changes. A developer can specify the mode of usage (numeric or litteral), provide the
necessary values, hookup a callback to be triggered when the value changes so that
the change can be handled properly and then include the control inside either an
ITranslatable bigger user control, or directly inside a dialogue that derives from the
RobotAppScreenBase class. This ensures that the translation of the control will take

place transparently and automatically.
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Figure 29 depicts a sample spinner user control. The numeric value is displayed in black
and the literal value is superimposed in orange. During runtime only one of the two is
visible and adapted to the color scheme of the application. The other one’s visibility
mode is set to collapsed based on the selected mode of operation.

Calendar

The calendar user control is a user control that displays a calendar showing the
selected month, year and day of the month. Similarly to the spinner control it is not
derived from the RobotappScreenBase because it does not need the functionality that
it provides. It is however an ITranslatable and INotifyPropertyChanged compliant user

control that can be embedded into other controls and dialogues.

L | September 2015 4 4 2015 4 4 2010-2019 4
Su Mo Tu We Th Fr Sa
| Jan Feb Mar  Apr 2009 2010 2011 2012
30 3 1 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 FFN 18 19 May  Jun Jul Aug 2013 2014 2015 2016
20 21 22 23 24 25 26
e ] & O Sep Oct Nov  Dec 2017 2018 2019 2020
4 5 6 7 8 9 10

Figure 30: The calendar user control with three modes of interaction for selecting either the desired day (left),
the month (middle) or the year (right).

Figure 30 shows the three modes of operation for the calendar user control based on
the desired mode of operation. The first is for selecting the desired day, the second is
for selecting the desired month and the third (on the right) is for selecting the desired
year. All three modes provide the necessary notifications in compliance with the
notification changed component model. The whole control has been embedded into
a viewbox so that the size of the control can be adjusted at runtime to fit the
adaptation parameters of the application. Finally the color scheme of the control can
be adjusted at runtime as well based on the adaptation properties of the application

at any given time.

Tile Button
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The tile button user control is a user control representing a button that has been
shaped into the form of a tile. It contains a background image and a label that
describes the context of the button. It can be activated by touch speech or gesture by

developer defined vocal commands or gestures in the applications’ ACTA scripts.

L Alarm / Clock 4

Figure 31: The tile button comprising a background image and a label. Tile buttons can have different
appearances, colors and sizes based on the respectively selected styles and can be activated using any of the
available modalities as specified into the application’s ACTA script.

Figure 31 depicts a sample tile button showing a background picture of lightbulbs and
displaying the label “lights”. The tilebutton’s control template has been defined in the
active style that is being used by the application so that it is easy to be overridden by
a new style provided by the developer for selected applications or for different tasks
of the same application. Upon press, the button informs the parent application to
whom it belongs that it has been pressed so that the application can process the event
at a higher level through ACTA scripting, taking in to account any other modalities or
context parameters. For example, if the “switch on” button has been pressed while
the room lights are already on, the application should ignore it, or if the button can be
pressed only when the speech modality is disabled, the application can take action
accordingly based on the input.

Regular Buttons, TextBlocks and TextBoxes

The framework does not provide special implementations for regular buttons, text
blocks or text boxes. The developer is free to use the implementation provided by the
Windows Presentation Foundation based on the framework’s guidelines. These
guidelines dictate that if a textbox is placed inside a RobotAppScreenBase derived Ul
dialogue that it will be automatically augmented to display the on-screen virtual
keyboard when it gains the focus of the dialogue. Similarly, any text block that wants

to be automatically translated by the framework should specify either a Name or a
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Uld from Microsoft’s winfx XAML scheme!3. The automatic translation process is
described in 5.6.

Time Selection

The time selection task has been inherently supported by the framework as it is a
necessary functionality that is involved into many daily tasks in the everyday lives of
the elderly. Tasks ranging from setting up a reminder for medication intake purposes,
to setting up a cooking countdown timer or simply setting up an automated recording
of one’s favorite TV show, they all require the user to be able to define a desired
timeframe. Based on the cognitive condition of the user and his previous experience
with digital devises, the time selection task can be a hindrance that will discourage
users and negatively impact their acceptance towards new technologies. In order to
make the developed applications easier to use, more intuitive and easy to understand
and as a result the robotic platforms more convenient to use, the time selection

functionality has been integrated into the framework.

The framework provides an easy and intuitive way to select a specific time to be used
with the developed applications. The time selection process is a dynamic adaptable
and adaptive workflow that can be triggered by the developer simply by calling a
function, namely the InitiateTimeSelection() function, from inside the corresponding
application’s ACTA script. A set of user controls have been designed and developed to
facilitate the process of selecting the user’s desired time. These controls are
orchestrated into a series of dialogues that guide the user through the selection

process.

The selection process is optimized according to the user’s experience and preferences,
contributing to a customized solution that fits the user’s needs. Having a uniform
workflow to facilitate the time selection process, contributes to a smoother learning
curve because the users of the different applications will face the same familiar
process when it comes to selecting a desired time. This in turn leads to the increased
ease of use, ease of learning, subjective satisfaction and overall acceptance of using

new technologies.

13 http://schemas.microsoft.com/winfx/2006/xaml
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The framework contains different controls that facilitate the time selection process.
These controls are adapted at runtime on demand to cover the needs of the
corresponding application that is using the functionality as well as the context in which
the functionality was needed. The developed controls cover the different potential
levels of user experience. The selection of controls that will be displayed is chosen at
runtime based on the adaptation parameters. The user is guided through the time
selection process while the option for navigation between the different steps
(selection of hour, selection of minutes, etc.) is given when the process is divided into

multiple dialogues.

Change the hour Change the minutes

Change am / pm Change the time for the alarm:
+ +
=18 a1
. Hours Minutes m

Figure 32: The various controls that support the process of time selection. Hour, minute and am/pm selection
(top) and intermediate to expert options (bottom).

The developed controls cover the different potential levels of user experience. The
selection of controls that will be displayed is chosen at runtime based on the
adaptation parameters. The user is guided through the time selection process while
the option for navigation between the different steps (selection of hour, selection of

minutes, etc.) is given when the process is divided into multiple dialogues.

The novice hour, minute and am/pm selection controls as well as two other options
for the intermediate and expert user can be seen in Figure 32. Novice options
independently for hours, minutes and am/pm is also provided, using spinners that
operate on literal values, in order to facilitate different user cognition levels. The time

selection controls are simple user controls that do not derive from the
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RobotAppScreenBase class. They are registered with the adaptation manager during
their initialization time, and they comply with the ITranslatable model in order to be
translated during runtime. Similarly to spinners, they implement the notification
changed component model mechanism so that they can provide notifications when
their values change during the interaction. Their values and captions are offered
through dependency properties so that they can be used in data bindings in the
frontend. Finally, they can be used by developers outside of the time selection context

as needed, since they are components of the framework.

5.4.2 Ul Navigation and scene management

The different Ul controls and framework elements must be embedded inside a
window in order to be displayed on the screen. This is a process that has been
automated by the framework. The proposed framework provides the main window

for displaying applications and hence their Ul dialogues and elements.

The main idea behind Ul navigation is that there is only one window capable of
displaying information. This window is being managed by the Scene Manager who is
responsible for updating the content that is displayed at any given time. The main
window must comply with the INavigator code interface for the Scene Manager to be
able to update its content. The INavigator interface contains all the necessary
functions for updating the content parts of a Navigator window. As a results,
applications can’t display themselves directly on the screen, but have to ask the Scene
Manager to do so. When an application wants to display a Ul dialogue, it asks the
Scene Manager to display it on the main window. The Scene Manager in turn, asks for
the permission of the Communication Planner as discussed in 5.8.2 and acts

accordingly.

This section discusses the main window that displays the different elements, the main
menu application as a means for housing all the available applications and the
management of the different application dialogues or user scenes.

Ul Navigator

The main (root) window that displays all the framework Ul elements, components,

dialogues and applications is the Ul Navigator window. It provides a bottom ribbon for
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constantly displaying a shortcut to the main menu and controls for activating
emergency scenarios. It also displays visual cues that can inform the user whether the
different interaction modalities are available and what is their state. For example,
when the robot is providing speech output to the user a corresponding visual cue is
activated on the screen to provide visual redundant information that the robot is
speaking. Furthermore, while the robot is speaking the speech recognition modality
remains disabled, which is also show in the screen. The above apply to all available

modalities and can be easily extended to support extra modalities in the future.

The main part of the Ul Navigator is a content placeholder that can present content.
For the needs of content presentation, the INavigator code interface was developed
that contains the necessary functions for displaying content inside a Ul Navigator
window. In this scope, the developer is free to either choose the navigator window
that is provided by the framework, or create a separate root window which complies

with the INavigator interface.

When a Navigator Window is instantiated, it must register itself with the Scene
Manager so that the manager knows where to show the requested content.
Furthermore, the scene manager is able to display content by using the functionality

described in the INavigator interface that every navigator window implements.

The main menu is an application just like all others that has a special purpose. Its
purpose is to house all available applications and display them in terms of a menu.
Furthermore the main menu is the application that is visible on the display when the
systems starts. As a result, the navigator window must be aware of the existence of
the main menu in order to be able to display it. However, this applies only for the main
menu, since all other applications can be automatically discovered and loaded by the

main menu itself.
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Content Placeholder

. Home ) & '\

Figure 33: The framework provided Navigator window showing the content placeholder area, the ribbon area
and sample home button and modality status visual cues.

The navigator window that is provided by the framework implements the INavigator,
ITranslatable and IDisposable interfaces. The first is for being able to be manipulated
by the Scene manager, the second is for being able to be translated (the main menu’s
translation engine is used for the translation of the main window) and the third is for
being able to properly disposed managed resources, namely the instance of the main
menu it utilizes (since the main menu instance is an application, it derives from the
RobotApp base class which in turn contains the timers which are responsible for the
time keeping functionality of the framework and hence have to be disposed-off

properly).

The navigator window is responsible for initializing the scene manager and registering
itself with it, as well as initializing the Communication Decision Maker, the Adaptation
Manager, the available modalities and the Main Menu application. Furthermore it
registers itself with the adaptation manager, loads the main menu and initializes the
visual cues that show the states of the available modalities. These states are provided
as dependency properties to facilitate data binding in the frontend. Finally, the
activation and deactivation of the different shortcut buttons inside the ribbon is

realized by the WPF routed commands input mechanism.
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Main Menu
The Main Menu is a special application created for the proposed framework, whose

purpose is to discover, host and display all the available applications. The discovery of
the applications is based on reflection and the display is realized through the use of
the Options Presenter framework dialogue. The main menu application leverages the
navigation among the different menu pages from the options presenter in order to

have better overview and control over what is being displayed at any given time.

The main menu application is just like any other application created based on the
proposed framework. It derived from the Robotapp base class and uses all its
functionality regarding automatic translation, ACTA reasoning, state traversing as
discussed above. Upon initialized, it scans the root directory where all the available
applications exist, and checks for any library applications that derive from the
RobotApp base class except for the main menu itself. All discovered applications are
hosted inside an internal list and displayed on the screen with the use of tile buttons
as an instantiation of the options presenter dialogue. The concurrently displaying
number of applications is configurable, the navigation between the menu pages
supports all the available modalities, and the dialogues are displayed through the
ACTA scripting mechanism.

Scene Manager

The scene manager is the component responsible for displaying content on the root
window of the framework. It contains a reference to the register Ul Navigator window
and it is aware of the INavigator interface functionality that is implemented by the
navigator window. The display of content is completely asynchronous to prevent race
conditions between the different applications that may be trying to display their
content simultaneously. Finally, it is based on a lazy instantiation, double locking
version of the singleton software design pattern to ensure that only one instance of
the class will be active at any given time and that it will be shared among the different

available applications.

5.4.3 Abstract Ul representations and Ul generator

The INNTEACT framework provides a set of abstract user controls to facilitate the

process of time selection as discussed above. These abstract controls comprise the
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high level functionality for selecting the hour, the minutes and the am/pm part of a
desired time which can then be used in whatever context is needed by the respective
application. The selection of hierarchies that were realized includes workflows for the
novice, intermediate and experienced user where the selection of actual concrete user
controls take place at runtime according to the ACTA script that has been developed
in order to support this functionality. The time selection ACTA script contains all the
necessary information that is required by the system to decide which controls are
going to be instantiated, how they will be grouped together, which application
dialogues will be shown and how the whole time selection process will be

orchestrated.

The logic behind the time selection task has been embedded into the framework. The
reasoning engine that is needed to run the ACTA script in order to make the necessary
decisions is the respective application’s windows workflow foundation rule engine
instance. The time selection ACTA script is loaded into the engine on demand, and
unloaded when the process has completed. Based on the ACTA script, the application
is able to decide at runtime on the task hierarchy that is going to be used and then
instantiate the different corresponding user controls, group them into dialogues and
provide the necessary navigation from one dialogue to the next. Finally, the whole
process is completely transparent to the developer who just needs to call the initiation

function to trigger the activation of this process.

The above functionality is inherently supported by the proposed framework and can
be used to implement different adaptive component hierarchies that can be

embedded into the framework as well.

5.5 Adaptation

Following the user-centered design approach the elderly user group has been given
extensive attention at each stage of the design process. The framework’s elements,
components, library controls and high level dialogues can be optimized around users’
needs and preferences rather than forcing the users to adapt their interaction
patterns to accommodate arbitrary design decisions. Moreover, the proposed

framework has been based on the concepts of design for all and universal access to

171



Implementation

produce an adaptation mechanism that will be able to change the appearance of the
generated user interfaces based on the profile of each user. This is of great
importance, because the elderly users form a very heterogeneous group as each user
might experience a different set of impairments that have to be taken into account.
As a result, numerous combinations of functional limitations can be addressed such

as motor impairments, vision impairments, hearing impairments, etc.

The proposed framework supports automatic user interface adaptation based on both
off-line (user profile) and on-line (user interaction monitoring) knowledge. The
generated interfaces are tailored to the end user based on both the adaptability (off-
line adaptation) and adaptivity (on-line adaptation) concepts. A rules engine is used
at runtime, to run rules against an ontology specification of the target user population
that infers facts about the active user who is interacting with the current/respective
application. These facts are being used by a decision making component to activate or
deactivate the appropriate components of the adaptive component hierarchies on
which the user interfaces are generated. The above methodology ensures that the
end-user will experience an interaction experience tailored to his individual user

attributes and to the particular context of use.

The functional and non-functional user requirements elicitation of the primary user
group which is the elderly has been realized through the means of literature review as
well as through extensive studying of the results of the HOBBIT and RAMCIP research
project findings. Taking into account the research findings from the relevant literature
along with the insights that have stemmed from the two aforementioned research

projects has helped build a valuable framework in the hands of application developers.

5.5.1 Adaptation logic

One of the main reasons for the increasing importance of adaptation is that we
interact with our applications in contexts of use which are more and more varied
because of the advent of mobile technologies and smart environments. Various
aspects can be part of the possible contexts of use and can be grouped along four

dimensions (see Figure 34):
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user-related aspects: preferences, goals and tasks, physical state (e.g.

position), emotional state, etc.;

b) technology-related aspects: screen resolution, connectivity, browser, battery,
etc.;

¢) environment-related aspects: location, light, noise, etc.;

d) social aspects: privacy rules, collaboration, etc.

The Context of Use
User:
* Preferences
« Goals and Tasks
Environment « Physical state

e.g orientation, ..
< Temparatans <4mmmm ¢t )

= Emotional state

« Light
8 = ele, ete
+ Noise
« ele, ete.
Technology:

Social aspects

« Screen resolution

« Privacy —
» Connectivi
+ Collaboration _ y

« Browser
« ele, ete

« Battery

« ele, ete

Figure 34: The context of use. Image: Courtesy of Fabio Paterno. Copyright: CC-Att-ND-3 (Creative Commons
Attribution-NoDerivs 3.0 Unported).

According to changes in those aspects of the context of use any aspect characterizing
a user interface can be modified. Thus, the user interface can be adapted in its:
presentation—the perceivable aspects, including media and interaction techniques,
layout, graphical attributes; dynamic behavior, including navigation structure,
dynamic activation, and deactivation of interaction techniques; and content, including

texts, labels, and images.
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Various adaptation strategies are possible, which can be classified according to the
impact they have on the user interface: conservation, e.g., simple scaling of Ul
elements; rearrangement, e.g., changing the layout; simplification / magnification,
same Ul elements but with modified presentation; increase (also called progressive
enhancement) / reduction (also called graceful degradation), in terms of Ul elements

[142].

The proposed framework supports adaptation in terms of both adaptability and
adaptivity [143]. The former ensures that the applications adapt to the preferences
and limitations of the user so that he is presented with a full usable interface to
interact, while the latter is based on monitoring the interaction history and adapting
the applications to dynamically changing factors or inferences e.g. the ambient noise
or the difficulties that the users are facing with the corresponding user interface

instance.

The primary objective of this work has been to provide developers with a framework
that facilitates them to build multimodal interactive applications that target the
elderly user group and are to be deployed on household robotic platforms. In this
scope, the different functional components of domestic robotic platforms have been
taken into account both in terms of supporting them and taking them into account in
terms of adaptation. The rest of this section presents some of the basic functional
components of domestic assistive robots, their functional role that can be supported

by the proposed framework as well as the adaptation aspects that concern them.

5.5.1.1 Modality selection

The different modalities that are supported by the framework can be activated or
deactivated individually according to the preferences of the users and the context of
interaction. The framework can decide on the optimal set of modalities to enable, fine-
tune and fuse together in order to provide the end users with an interaction as
seamless and as natural as possible. Furthermore, the selection of the different
modalities and their fusing, is transparent to the developer as it is handled
automatically by the framework. The developer has full control over which modalities

are going to be supported at any given time as well as when and how they will be
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activated or deactivated. However, the developer is also given the opportunity to
provide the basic functionality that he wants to make available to each of the
aforementioned modalities and then let the framework decide on how and when each
modality gets activated. For example, the developer can explicitly specify which parts
of his application can benefit from a specific modality and which parts must be
contained only to specific modes of interaction. He can specify when he wants only a
specific modality to be used or when any input from any of the available modalities
can be considered valid. For example he can enforce that for critical application
decisions, only the touch modality will be considered a valid way of confirmation,
while for all other parts, any speech or gestural input will be allowed to be interpreted
and treated accordingly. Finally, the framework is able to handle tricky cases where
one modality might have to be deactivated due to dynamically changing conditions,
although the developer has allowed its input. For example, the speech modality might
have to be deactivated in noisy environments, or the gesture recognition modality

might have to be deactivated in situations where the environment light is insufficient.

5512 Ul adaptation

The proposed framework supports adaptation through both adaptive component
hierarchies and adaptive style hierarchies. The former is based on the design and
implementation principles of unified user interfaces while the latter is based on the
use of adaptive style hierarchies, as they are supported by the windows presentation
framework, to either specify the desired application coloring scheme and sizing guide
for the different controls and Ul elements, or change completely the different

framework elements’ appearance.

5.5.1.2.1 Adaptive Component Hierarchies

Adaptive component hierarchies are inherently supported by the proposed
framework. The supported tasks that have been implemented, have been described
in an abstract manner at a higher level while general guidelines have been provided
according to their instantiation strategies. For example the time selection procedure
has been incorporated into the system and has been described at a higher level using

ACTA. The time selection task has then been declared to comprise the consequent
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selection of hours, minutes and time specifiers according to the time of the day. \
General guidelines have been given according to the expertise of the user that is using
the respective application based on his profile. These guidelines specify how the whole
task of time selection can be orchestrated in order to be presented to the user who is
going to be guided through the process of time selection. Furthermore, user
preferences have been taken into account, so that specific user control should be used
or omitted during the process. Finally the whole task is realized in a transparent to the
developer manner who can simply declare that he needs the time selection process at
the desired place inside the applications that he builds. The initiation of the task takes
place automatically, and the developer can explicitly declare the starting and ending
state and consequently the starting and ending application dialogue that will be

displayed to the end user.

ps I \ L |\ - @ -
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Figure 35: Time selection adaptive component hierarchy low fidelity paper based prototyping

Figure 35 depicts the time selection adaptive component hierarchy during its early low
fidelity paper based design process. The different controls and Ul dialogues that

comprise the time selection component hierarchy have been selected and adapted
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accordingly. The above design led to the final form of the time selection adaptive

component hierarchy that has been incorporated into the FIRMA framework.

5.5.1.2.2 Adaptive Style Hierarchies

In addition to the adaptive component hierarchies’ principles and design guidelines,
the approach of adaptive style hierarchies has been adopted. According to this
approach, the sizes and colors of the displayed framework elements can be controlled
by styles that can be applied both at design time and at runtime. A number of
cascading stylesheets have been developed to be used in the context of adaptation
based on this approach. A subset of the developed styles have been used during the
design time so that the developer can have a clear understanding of the appearance
of the different user controls and dialogues that he/she is incorporating into the
developed applications. The design time styles collection has been consolidated into
a single higher level style file which can be included in the designed user controls and

dialogues.

<ResourceDictionary
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
>
<ResourceDictionary.MergedDictionaries>
<ResourceDictionary Source="StylesBase.xaml" />
<ResourceDictionary Source="DarkColors.xaml" />
<ResourceDictionary Source="BigSizes.xaml" />
</ResourceDictionary.MergedDictionaries>
</ResourceDictionary>

<fw:UCRobotAppScreenBase.Resources>
<ResourceDictionary>
<ResourceDictionary.MergedDictionaries>
<ResourceDictionary
Source="Styles/DesignTimeStyles.xaml"/>
</ResourceDictionary.MergedDictionaries>
</ResourceDictionary>
</fw:UCRobotAppScreenBase.Resources>

Figure 36: The design time styles file (top) and its incorporation during the development of a dialogue that is
based in the RobotAppScreenBase class (bottom)

Figure 36 (top) shows the design time styles file as a resource dictionary that consists

of multiple merged children resource dictionaries which define the appearance (based
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on the specified visual tree of declared elements), the coloring scheme and the sizing
dictionary that is going to be used during the design time. Furthermore, the
incorporation of the design time styles file into the design of a new application
dialogue that derives from the RobotAppScreenBase class can be seen in the same
figure (bottom). The design styles file is embedded inside the resources of the
designed dialogue, in order to enable the sample appearance that is defined inside
the individual children resource dictionaries. This applies only during the design time.
During the runtime, these resource dictionaries are being replaced by the runtime
rules and adaptation strategies of the adaptation manager functional component
which is able to load and unload the appropriate styles at runtime to suit the needs
and preferences of the users as well as fit the context of interaction. The design styles
are superseded by the runtime style, which in turn are dynamically loaded and

unloaded during the interaction process.

The adaptive style hierarchies that are used for adaptation purposes during the
runtime have been split into three major categories. The first contains all the styles
that handle how the different framework elements will be displayed. These styles
contain all the individual stylistic decisions that drive the appearance and define the
visual tree of all the framework elements such as buttons, lists, dialogues, text entry
controls, labels etc. The second category contains all the styles that define the coloring
scheme of the application including foreground and background colors for all
framework elements, border brushes of the different user controls, darker
backgrounds for giving emphasis to specific Ul elements etc. Finally the third major
category contains all the styles that correspond to the sizing decisions of all the
framework elements and Ul dialogues, including button sizes, dialogue sizes, virtual
keyboard sizes and margins, text input control sizes etc. The appearance of the final
user interface is decided at runtime by the adaptation manager through a process of
“pick and match” among the different available cascading adaptive style hierarchies,
by selecting one from each major category. As a result, one style for visual appearance
is selected, one style that defines the coloring scheme is placed on top of that and
finally one more style that defines the overall sizes of every element is superimposed

on the selection for filling in the missing sizing information and restoring the dynamic
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bindings between all three style collections. As a result, every style can refer to any
other category of styles through the use of dynamic resources declarations. This
means that each style is only responsible for the category in which it exists while being
allowed to contain bindings across different categories. Hence, the visual appearance
styles can contain bindings to the sizing category styles which are going to be realized
once the specific sizing resource dictionary that is going to be used, has been defined
and linked to the runtime of the framework. This approach can create an arbitrary
number of application appearances based on the selection of the activated styles and
the possible combinations among them. For example, if there are three different
styles defined in each of the three different major style categories, the developers can
choose among any of the twenty seven combinations (27, i.e. 3x3x3) of the available
Ul instantiations. However, the selection of the developers are being superseded by

the adaptation manager decisions as deemed necessary during the runtime.

5.5.2 Decision making

5.5.2.1 Windows Workflow Foundation

Windows Workflow Foundation (WF) is a Microsoft technology that provides an API,
an in-process workflow engine, and a re-hostable designer to implement long-running
processes as workflows within .NET applications. A workflow is a series of distinct
programming steps or phases. Each step is modeled in WF as an Activity. The .NET
Framework provides a library of activities (such as WriteLine, an activity that writes
text to the console or other form of output). Custom activities can also be developed
for additional functionality. Activities can be assembled visually into workflows using
the Workflow Designer, a design surface that runs within Visual Studio. The designer

can also be hosted in other applications.

With the availability of Windows Workflow Foundation (WF), Microsoft is introducing
new rules capabilities to the Windows Framework Extension developer platform, the
application programming interface (API) used in Vista and the forthcoming version of
Windows. These capabilities extend from simple conditions that drive activity
execution behavior all the way up to complex RuleSets executed by a full-featured

forward chaining rules engine. Rules technology is exposed in two key ways in WF—
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as conditions on activities and as a forward chaining RuleSet in the Policy activity.
Forward chaining refers to the ability for the actions of one rule to cause other,
dependent rules to be reevaluated. Forward chaining is a very powerful notion that
allows atomic rules to be assembled into RuleSets without the definition of, or
necessarily even the knowledge of, the dependencies among the rules. However, in
some scenarios, the rule writer may want the ability to provide more control over the
chaining behavior, specifically the ability to limit the chaining that takes place. This
enables the rule modeler to limit the repetitive execution of rules, which may give
incorrect results, increase performance and prevent runaway loops. This level of
control is facilitated in WF rules by two properties, a Chaining Behavior property on
the RuleSet and a Reevaluation Behavior property on each rule. The exploitation of
these two properties in terms of manual control over which rules are going to be
executed has made the WF rule engine component an invaluable tool for building
applications that have the ability to reason and infer facts that can drive the
application’s logic. The ACTA scripting language runtime extension has been based on
the manual activation of the rule engine and the manual management of the chaining

behavior of the ruleset.

5522 Adaptation Manager

The decision making component of the proposed framework in terms of adaptation,
namely the adaptation manager, has been based on the rule engine provided by the
windows workflow foundation framework. This rule engine provides all the necessary
functionality for defining and declaring all the different adaptation decisions which are
based on the profile of the user, his/her preferences as well as on dynamically

changing factors during the interaction process.

The adaptation manager specifies two different categories of adaptation properties.
The first category is all the properties that drive the adaptation decisions which are
inferred by the adaptation rules engine. Such properties can vary from the target user
model characteristics and the preferences of the user, to dynamically changing
properties such as the changing user position in relation to the position of the robot,
the user standing or siting pose, his/her fatigue, or environmental factors such as the
ambient room noise or lighting conditions. The second category of parameters, are
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the actual adaptation parameters that change to reflect the changing of the properties
of the first category. For example, when the ambient room lighting increases, the
lighting parameter of the first category changes to reflect this change. The change in
the lighting property has a result the triggering of the adaptation rule engine which
infers that the contrast of the robot screen must be increased to match the change
and make it more legible. As a result, the contrast adaptation parameter that belongs

to the second category changes and this change signals an “adaptation needed” event.

The adaptation manager is based on the singleton software design pattern to ensure
that only one instance of this component will be allowed to be active during the
runtime. Furthermore, the adaptation manager contains the necessary bridging
components between the framework and the FAmINE network environment in order
to support augmented cognition scenarios based on events provided by the Ambient
Intelligence environment. Furthermore, the necessary bridging components that
connect the framework with the ROS operating system have been developed, to
enable the adaptation manager to receive events from the robot operating system,
concerning the calculated pose and position of the user that can be retrieved from the

robot’s backend.

when(UserIsStanding)
{
ControlSizing = "BigSizes";
}
when(LightsAreOn && WearingGlasses)
{

ColorScheme = "DarkColors";

when(!LightsAreOn && WearingGlasses)

{
ColorScheme = "LightColors";
}
when( !WearingGlasses)
{
ColorScheme = "HighContrastColors";
}
when(Distance == "short" && !UserIsStanding)
{
ControlSizing = "SmallSizes";
}
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when(Distance == "average" &% !UserIsStanding)
{
ControlSizing = "MediumSizes";
}
when(Distance == "long" && !UserIsStanding)
{

ControlSizing = "BigSizes";

}

Figure 37: Sample ACTA adaptation script fragment.

The adaptation manager provides the necessary functionality for any control to
register and unregister itself in order to receive the “adaptation required” events. To
this end, the adaptation manager keeps a list of all registered components and notifies
them whenever an adaptation parameter changes. In this case, the adaptation
happens automatically without the registered controls taking any action. However,
the adaptation manager provides the “adaptation needed” events as publicly emitted
events so that custom developer components can take special action based on the

adaptation parameters when adaptation is needed.

The adaptation manager has been developed to lazily load all the available styles from
all three major categories and use them to achieve the desired adaptation. The loaded
styles are kept in an internal dictionary that can be indexed using the different style
names. This way, adaptation can be realized by a set of simple ACTA scripts that can

be run in the internal instance of the adaptation manager’s rule engine.

shows a sample ACTA adaptation script fragment that consists of when statements. In
this simple example, whenever the standing state of the user changes, the adaptation
engine is triggered to reflect the sizing of the framework’s used controls. In addition,
whenever the adaptation manager receives an event from the ambient intelligence
environment that the ambient room lighting has changed, the active coloring scheme
of the application changes to a more comfortable combination in respect to the end

users.

5523 Adaptation strategies

The developed adaptation manager of the proposed framework supports multiple
types of adaptation for providing the necessary functionality for realizing different

adaptation needs based on the dynamic nature of each supported scenario. In this
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context, the adaptation manager has incorporated the necessary functionality to
support static adaptation scenarios, dynamic adaptation scenarios, as well as

adaptation scenarios that are driven by environmental changes.

i I 1 CHrmtir mrAantatimamn
5.0.2.3.1 Static adaptation

J

The static adaptation is the simplest and most straightforward type of adaptation. It
is based on the virtual user models (VUM) of the target user population. The
properties that drive this adaptation strategy include the gender of the user, his/her
age, his/her expertise, the user’s cognitive state, potential age-related disabilities and
functional limitations, the user’s communication preferences and modality
personalization parameters etc. The adaptation manager incorporates all the
necessary functionality for loading the user’s profile and inferring the necessary
adaptation decisions to present the user with a fully usable system in order to enable
the interaction with it. The profile of the user is loaded dynamically from the VUM
engine that runs on the linux backend of the robot and the user profile parameters

are transferred to the proposed framework through the ROS interconnection.

EE 22 97Dunamir ndnontarinn
2.2.2.3.2 0DJynamic {JUU}'_J{U[.'-'J.".'

The dynamic adaptation is based on dynamically changing factors during the
interaction between the user and the robotic platform. For example, the platform
might be outside the legible visual range of the user for him/her to be able to read the
screen, or the user might have started interacting with the robot while sitting on a
chair and then decided to stand up. Such dynamically changing factors reflect in the
modalities selection of the robot as well as on the adaptation of each used modality.
For example, if the user was in the middle of giving input to the robot through the
virtual keyboard control when he/she decided to stand up, the virtual keyboard
dialogue changes to display a bigger keyboard, with bigger margin and padding among
the keys, a larger text preview field for the user to be able to read while standing and

bigger buttons for accepting or rejecting any changes.

.5.2.3.3 Adaptation through environmental sensing

{

The third type of supported adaptation is the adaptation achieved through

environmental sensing. This type of adaptation relies on the ambient intelligence
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environment in which the robot is deployed, to supply the robot with the desired
information about environmental changing factors. For example, the environment can
provide the robot with all the necessary environment status data including ambient
lighting, ambient noise, the number of users in the house, potential emergency
scenarios that take place beyond the sensing capabilities or sensing range of the robot
and need attention, etc. In this scope, the robot becomes omnipresent in a sense due
to its augmented cognition capabilities, while contributing to creating smarter robot
behavioral models and functional supported skillsets. Furthermore, the increased
capabilities of the robot that are based on the environmental sensing, contribute to
higher levels of subjective user satisfaction, richer overall user experience and higher

levels of acceptance of these technologies.

5524 User profiling and environment modeling mechanism

The user profiling and environment modeling mechanism that is used for adaptation
purposes in the context of the FIRMA framework’s adaptivity and adaptability
strategies, contains the necessary infrastructure to support adaptation based on the
user profile (user model), the context of the interaction, as well as the context of the
surrounding ambient intelligence environment. The current implementation of the
mechanism supports one parameter from each one of the three different categories.
It includes the user expertise parameter from the user modeling category, the user
state (pose) from the interaction context category and the lighting state from the

environment context category.

The profiling and modeling functionality that has been currently incorporated into the
framework is preliminary since this component is used as a placeholder, in order to
ensure that the framework has been designed properly to accommodate for a more

complete profiling mechanism in the future.

Regarding the user profiling category, it supports only the user expertise parameter.
According to this parameter, the time selection task is automatically parameterized
and adapted to the user’s expertise value. Novice and average expertise users are
presented with different, more simple and intuitive controls and are guided through

the time selection task, whereas expert user are given the capability of selecting the
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desired time using a single, more complex dialogue. The user state (pose) and
environmental state (lighting) have been also included in the profiling and modeling
component. The user pose parameter can have either the “standing” or “seated”
value which is reflected on the sizing adaptation of all framework elements, controls
and dialogues. Finally, the value field of the environmental lighting parameter has the
values “on” and “off” that get reflected on the runtime coloring scheme selection of

the framework.

The existing profiling mechanism, though preliminary, can either be extended to
include complete virtual user models and environment context ontologies that can
drive the adaptability decisions of the framework or can be connected with already

existing VUM components and profiling ontologies to load the necessary parameters.

In the context of the RAMCIP project, the VUM functional component will be
implemented on the backend of the robot and will communicate with the FIRMA
framework through the implemented ROS interface. Finally, the environmental
context will derive from the sensors of the robots which will be made available to the

framework through the ROS interconnection as well.

5.6 Globalization and Localization

Globalization is the process of designing and developing applications that function for
multiple cultures. Localization is the process of customizing a given application for a

given culture and locale.

The proposed framework provides inherent support for globalizing and localizing the
developed applications to the native language of the users. The supported
globalization functionality has been based on the automatic translation of all the
framework user controls, dialogues and elements that are being used. The localization
of the developed applications is realized by means of a universal translator auxiliary
helper class that has been developed as part of the framework. The localization is
based on localized culture and locale specific resource files that can be translated by

either the developer or by expert Translators to the end user’s native language.
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Figure 38: Fragment from the translation file of the Alarm Clock Application for the en-US culture-locale.

Figure 38 shows a fragment of the translation file that was developed for the Alarm
Clock Application and for the “en-US” culture and locale. The translation uses a
resource file that specifies the corresponding culture and locale and uses the system
namespace from the mscore library to declare literal strings that are going to be used
as the translations when the different user interfaces are displayed in the respective
locale. As shown in this figure, the translations are allowed to be format strings that
are going to be used with numbered arguments for the creation of the final usable
translation of the respective items. For example, the string that is used for the speech
synthesis modality to synthesize the uttered prompt for the time of day, uses a
placeholder for the actual time which is going to be filled in during the runtime, when

the user asks the robot for the time.

One major point of the translation module is that all translations are based on keys
which can be prefixed with any desired phrase. The translation mechanism was
designed having in mind that each translated string should have a corresponding key
which could be prefixed by the fully qualified name of the assembly that the translated
element belongs to, followed by the name of the application that contains the
element. However, when a translated control belongs to a specific application
dialogue, the name of the respective dialogue is used instead of the application name.
For example, as seen in Figure 38, the translation of the time label of the clock screen
dialogue of the developed alarm clock application that displays the current time, is
based on the key “Timelabel” which is prefixed by the assembly name
“AlarmClockApplication” followed by the dialogue name “UCClock”. Moreover,

translations for elements, controls and dialogues that are part of the FIRMA

186




FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

framework, should be prefixed with the fully qualified name of the application’s

assembly name followed by the full application’s name.

The translation process is automatically performed, based on the idea that each
element or control that needs to be translated, has to provide at least a x:Uid or a
x:Name attribute either from within the respective XAML description or from the code
behind it. The “x:” prefix merely defines the xaml scheme of the windows framework
extension WinFX. A complementary translation functionality that triggers the
automatic translation of the respective user controls or dialogues is the
implementation of the ITranslatable code interface. The ITranslatable code interface
has been developed to include a translation function that uses a translator and a
prefix. The user controls and dialogues that implement the ITranslatable interface are
treated as black boxes by the framework. Having implemented the translation
function, conveys that they are responsible for translating themselves in whatever
way they seem fit. As a result, whenever the framework encounters an ITranslatable
user control or dialogue during the translation process, it simply calls its translation
function instead of going deeper the visual tree trying to discover any translatable
elements. This feature has a twofold advantage. Firstly, whenever a user control or
dialogue needs to translate specific elements of its contents, or needs to translate the
contained elements under a specific prefix, it can just implement the ITranslatable
code interface in order to have full control over the translation process. Secondly, by
implementing the ITranslatable interface and then quietly taking no action inside the
translation function, excludes the respective user control or dialogue from the

translation process automatically.
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<Button Grid.Column="0"

Click="GoBack"

VerticalAlignment="Top"
tyle="{DynamicResource TileButton}"
we:ButtonEyeCandy.Image="Images /back.png"

1 & L

Content="Back to Clock"
x:Uid="BackButton" />

<Button Margin="10" Grid.Row="1"
Style="{DynamicResource KazNormalButton}"
Click="ButtonClick"
Verticalhlignment="Top">
<TextBlock x:Uid="ShowAlarmsButton" Text="Show Alarms"/:>
</Button>

Figure 39: Two different approaches to button automatic translation

Figure 39 shows an example of two different approaches regarding the translation of
a button. The first button has no need to declare separate children and just defines its
content as an XAML attribute named “Content”. It also specifies a x:Uid with the name
“BackButton” which is used for its automatic translation in the context where it is used
as a button. The second example shows that even if the button declares to have
children, no matter how complicated their visual tree representation is, the
translation process does not change as long as there is a text element (label or text
block or implicitly created as child of a more complex control just like in the first
example) that defines either a x:Name or a x:Uid. The second button explicitly defines
to have a TextBlock as its child which declares a x:Uid with the name
“ShowAlarmsButton”. As a result, it gets automatically translated during the

translation process.

The translation process is automatically spawned by the RobotAppScreenBase base
class which is the base class that every application dialogue based on the FIRMA
framework must derive from. Furthermore, ecery application that is based on the
FIRMA framework must derive from the RobotApp base class which provides the
necessary translator engine instance to be used by the application dialogues. Figure
40 shows a snippet from the translation functionality of the RobotAppScreenBase. The
translation process is automatically triggered from the initialized event of the

corresponding application dialogue. Furthermore, it can be manually triggered from
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inside the base class for providing the translation functionality to be used with the
virtual keyboard input user dialogue which is automatically spawned from the auto-

augmented text boxes, hence the user control that takes as an argument.

private void Translate(UserControl uc = null)

&
if (uc == null) uwc = this;
UniversalTranslator translator = ParentApplication.Translator;
DependencyObject depo = uc as DependencyObject;

foreach (TextBlock t in depo.GetChildrenOfType<TextBlock>())
t.Translate(translator, GetType().FullName); :

foreach (ContentControl cc in depo.GetChildreanType(Ccntex:fsntrci>k))
if (cc.Content is string)//This covers for Labels, Buttons, ComboBoxItems

cc.Translate(translator, GetType().FullName); :

1.
//Then, lets translate all ITranslatable components because they areéQlQEEEEEEé

foreach (ITranslatable uw in depo.GetChildren0fType<ITranslatable>()):
u.Translate(translator, GetType().FullName); :

Figure 40: Snippet from the translation functionality of the RobotAppScreenBase class

The translation process begins by retrieving the translator engine from the parent
application that the respective dialogue is a child of. Then, a custom function that
traverses the Visual Tree of the user control which is being translated is being called.
This auxiliary function traverses the visual tree of the user control in search of
framework elements that match the type of its argument. For example, the translation
process first searches for all elements of the TextBlock type and then translates them
using a set of developed auxiliary helper extension functions that know how to treat
and translate each type properly. The translation process continues for various
framework element types such as content controls, panels and containers in general.
Finally, it does a last search for all ITranslatable items since they are treated as black
boxes by the Visual Tree traversal function and are never “opened”. These black boxex
implement the ITranslatable code interface and as a result “know” how to translate
themselves properly, hence their implemented translation function is called with the

prefix argument being the fully qualified name of the dialogue’s assembly.
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### (The time is:)

92:02 PM

#i## (Show Alarms)

\\ Home

<ResourceDictionary xmlns="http://schenas.microsoft.con/winfx/2006/xaml /presentation”

rx=""http: schemas miorozoft. com/winfx/2006 /xaml"

g="=l-GR"

— nzizysten="clr :System; mb |l y=mscorlib">

L|: <system:5tring x:Eey="AlarmClockfpplication.UCClock.TimeLabel">The time is:</system:String>

<zystem:String = :Heyv="AlarmClockipplication. U0C1ook ShowAlarmsBntton">8how Alarms</system: String>

J MmN b L R

</Re=sourcelDictionary>

Figure 41: Auto-generated missing translations. The Ul that is missing some translations (top) which are
prefixed with the hash marks and the automatically generated missing translations file (bottom), ready to be
translated.

The whole translation process is based on the developed translation engine which
runs as an instance of the UniversalTranslator class. The translation engine does not
follow the singleton software design pattern, as the design decision was that each
application should be responsible for managing its own translations which in turn
should be kept in an instance of the universal translator class. The translation engine
provides the necessary functionality for supporting different languages in terms of
cultures and locales. The current set of supported languages includes Greek, English,
Spanish, Catalan and Polish. The translation engine offers the functionality for setting
and retrieving the current culture and locale, as well as the necessary infrastructure

for loading and managing the translations of the currently selected language.

The translation as aforementioned is based on keys which can be prefixed with the
context in which they are being used. The final translation is retrieved by joining the

prefix with the key and looking it up in the dictionary of loaded translations. If the
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translation of an item can’t be found, the item is added to a pending translation list.
This list contains the item key, its prefix as well as the development-time content of
that item which is being provided to the translation engine by the auxiliary helper
translation functions for the different framework types that were developed. As a
result the translation engine has a complete overview of which items couldn’t be
translated both in terms of which was their keys and prefixes, and what was their
development-time content. This is done so that all the items that couldn’t be
translated can be written to a file containing all the missing translations in order to

facilitate the developers of new applications.

<?xml version="1.8" encoding="utf-8" 2>
<configuration>
<startup>
<supportedRuntime version="v4.8" sku=".NETFramework,Version=v4,5" />
</startup>
<appSettings>
<add key="PlaintextGrammarsDir" value="plaintextGrammars"/>
<add key="CompiledGrammarsDir" value="compiledGrammars"/>
<add key="GENERATE_MISSING_TRANSLATIONS" value="true"/>

<add key="LANGUAGE" value="greek"/>
<add key="VOICE_GENDER" value="Male"/>

<add key="ASRConfidenceThreshold” value="0.3f"/>
<add key="ProxyContext"” value="kazAmIProxy"/>

</appSettings>
</configuration>

Figure 42: Sample application configuration file that defines the desired runtime language and triggers the
automatic generation of missing translations.

For all missing translations, the development-time content of the elements is returned
to the Ul, prefixed with a hash mark. As a result, the developer has to keep in mind
only the fact that each item that he wants to get translated, must provide either a
x:Name or a x:Uid attribute. Then, at runtime, all the elements that couldn’t be
translated are collected into a missing translations file which contains elements ready
to be included in the translation resources, in terms that they already have a key, a
prefix and their sample development-time content. This takes place during the
application shutdown after the first time it runs. Figure 41 (top) shows a sample Ul
running in the Greek language. The home button has been successfully translated,

however the time label and the button are missing their translations and hence they
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appear with their development-time content prefixed with hash marks. The bottom
part of the figure shows the automatically generated translations file which is created
during the application shutdown and contains all the missing translations along with
their development-time content, ready to be translated and incorporated into the
main translations file. The whole process is configurable from the applications
configuration file as seen in Figure 42. Finally, the runtime language selection for the

Uls can also be configured as seen in the same figure.

5.7 Transparent multi-application state management

The logic behind the orchestration of the dialogues of each application that is based
in the FIRMA framework is that the application can be represented as a finite state
machine (FSM). For simplicity purposes, each state of the FSM is mapped with a
respective application dialogue, however multiple dialogues are allowed to be
mapped to a single state or states are allowed to exist without a corresponding
application dialogue. As a result, each application must be able of maintaining its state
in respect to the FSM as well as in respect to the dialogue that is mapped with that

state and has to be displayed on the onboard screen.

Since the robotic platform should have many applications that provide different
functionalities that should be able to co-exist and run simultaneously, several
problems had to be overcome. The need for functionality co-existence can be better
understood by an example. For instance, the user might be watching TV and changing
the channels using the onboard screen when the time for his medication intake comes.
The robot should be capable of temporarily closing the television controlling
application and then initiating the medication intake application that would remind
the user that it is time to take the afternoon pills, while guiding him/her through the
whole process of selecting the correct ones and validating that the user has taken
them successfully. When the medication intake has finished, the robot should be
capable of closing the medication application and re-opening the TV control
application. Furthermore, the TV control application should be able to re-open

displaying the same dialogue that was displaying when the interrupt took place to
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minimize user frustration and increase user subjective satisfaction and acceptance of

the robot.

The first problem with the above scenario was that the ACTA scripting language
runtime was designed based on the singleton software design pattern, hence only one
instance of the rule engine that could drive the FSM could exist. This had to be
changed to allow for multiple simultaneous rule engine instances, one for each
application. Furthermore, each rule engine should be optimized to evaluate only the
rules that can affect the current state of the FSM in order to minimize the evaluation
time during each iteration run and maximize performance. The process that was
followed for allowing for multiple instances of the rule engine and the different

optimization approaches that were followed is described in the section 5.2.

The next problem that was faced, was the fact that the applications should all define
a starting state and they should all start in that state during the robot initialization.
This was resolved by requiring each application to define a starting state in its
constructor and pass it to the RobotApp base class constructor as well. The
initialization of each application was assigned to the Main Menu application which is
initialized and started by the main Ul Navigator window. The main menu in turn, is
responsible for scanning the applications directory for all the available dlls that are of
type RobotApp, loading in an internal infrastructure and initializing them based on the
starting states that each application defines. This way, all the applications start being
correctly initialized and in their starting state, subject and eligible to receive and emit

events according to their functionality.

The third major problem that was encountered is the functionality regarding the
temporary pausing and resuming of applications while maintaining their state. Even
more importantly, a prioritization mechanism was needed to manage and control
which application should be allowed to interrupt the interaction process. This is a very
important aspect, since the interaction process shouldn’t be interrupted under certain
circumstances. For example, when the user is interacting with the robot in the middle
of an emergency scenario, the interaction process shouldn’t be interrupted by any of
the other applications for any reason. To overcome this problem, a prioritization
mechanism was built, that is responsible for controlling the interruption priority of the
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different applications which can be specified as priority rules in a predefined format.
The whole functionality of this mechanism has been embedded into the FIRMA
framework while the developed applications are being enforced to respect the
prioritization rules by moving the control mechanism to the base class where all the

applications derive from. The prioritization mechanism is discussed in 5.8.2.

Finally, the pausing and resuming of applications while maintaining their state was
solved by not shutting down the paused applications but just removing them from the
display instead. Each application is responsible for maintaining its own state as well as
the knowledge of whether it has acquisition of the display resource at any given time.
Furthermore, each application is responsible for internally storing its last displayed
dialogue when it loses the privilege of displaying it on the screen. The application
remains active in the background, receiving and emitting its respective events while it
is in the pause state. The “pause” state refers only to the functionality of displaying
application dialogues on the screen. However, if a paused application decides that it
is essential to become active again and regain the display control in order to show
some important piece of information, it can ask the communication planner for
permission and if such permission is granted, the application is reactivated and
granted access to the display again. Furthermore, if a previously paused application is
reactivated by the user through the main menu, it gains access to the display and it
re-displays its last displaying dialogue which had been internally stored to improve
speed and performance. The time keeping capabilities of the applications that have
been discussed in the previous sections are being paused and resumed accordingly

when an application becomes inactive and when it becomes reactivated.

5.8 Enhanced human robot communication

5.8.1 Communication decision making

The communication decision making term refers to the communication decision that
are being made by the robot regarding the selection, activation, deactivation and
fusing of the available modalities. The available robot modalities include the speech

synthesis component that can be used as an output modality, the speech synthesis
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component that can be used as an input modality, the gesture recognition component
that can be used as an input modality, and the touchscreen onboard the robotic
platform which can be used both as an input and as an output modality for the user

to give touch commands and receive feedback on the display.

The selection and fusion of the appropriate modalities at any given time was designed
to be transparent to the developer because the different events and factors that drive
the modality selection, activation and fusing are difficult to deterministically predict
at design and development time. Moreover, taking into account all the possible
combination among the factors that drive these decisions would increase the
complexity of the developed applications exponentially as the developers would have
to have manual control over the selection and manipulation of the different modalities
for every developed application. This would lead to code redundancy and could
introduce errors which could be difficult to reproduce and identify, since each
developer would approach the modality integration process on his/her own.
Leveraging the modality manipulation and management to the underlying framework
solves the aforementioned problems since the developers are only responsible for
using the modalities they desire and then the framework undertakes the delivery or
the receiving of information through the respective channels. The developer is
allowed to use any of the available modalities at design time and the framework
refines this selection at runtime. For example the developer might choose to give both
visual and auditory feedback for a user action by simultaneously using the screen for
displaying information while using the text to speech interaction modality for
delivering the same information over auditory cues. However, since the user might be
in the context where the auditory feedback wouldn’t be allowed at the time of
interaction (either due to increased ambient noise or due to other restrictions, e.g.,
time of day), the framework can automatically decide not to deliver the auditory

feedback but only use the onboard robot display instead.

Decoupling modality selection and fusing and the development of applications
contributes to the increased scalability of the framework as additional modalities such
as hardware buttons and switches can be included and incorporated with minimal

changes. Since there is a central point for controlling which modality is allowed to be
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active at any given time, the integration of additional modalities becomes a trivial
process. For all added additional modalities, the developers would have to fine tune
their applications in order to include them. However, already existing applications
would be able to run without changes if they would need to incorporate the additional

modalities.

5.8.2 Communication Planner

The communication planner module was developer to manage and orchestrate the
different available modalities. This module is responsible for selecting, activating,
deactivating and fusing all available modalities during the interaction process. The
modality selection and fusing parameters that can drive decisions can come from
different sources such as the backend of the robot, the surrounding environment, the
time of day, the number of people in the room, the profile of the user, the state the
user is in etc. The communication planner incorporates all the necessary functionality
to accommodate these input sources. Furthermore, additional rules have been
incorporated into the communication planner module that override any decisions
made in cases where it is necessary. For example, the speech recognition input
modality should never be used whenever the speech synthesis output modality is
being used. As a result, the communication planner is responsible for initializing all the
available modalities during the system startup process, hook up all available modality
events and then use them to make such decisions. Whenever the speech synthesis
output modality emits the “SpeechStarted” event, the communication planner should
be able to detect it and automatically temporarily pause the speech recognition input
modality to avoid scenarios where the robot might falsely recognize its own voice and

take action on its own commands.

Apart from deciding over how and which modalities can be used at any given time
during the interaction process, the communication planner has been commissioned
with the role of deciding over the state traversal that takes place inside the different
applications as well as granting or denying the applications requests for displaying
information on the onboard screen. During to the nature of the communication
planner module, it has been based on the singleton software design pattern to ensure
that only one instance of this module is permitted to run during the runtime of the
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system. The communication planner is able to receive requests from the different
applications regarding either state changes of their internal FSMs or requesting
permission to display information on the onboard screen. For the communication
planner module to be able to respond to such requests, the currently displaying
application state has to be recorded. To achieve this, the communication planner
module stores the required information regarding which application is being displayed
on the screen, which state that particular application is in, as well as which dialogue is
that application displaying in that particular state. Furthermore, the communication
planner module manages a set of permission rules that describe if an application that
is requesting permission regarding a state change or a display request should be

granted or denied this permission.

<?xml version="1.8" encoding="utf-8" 2>
<Permissions>
<Permission FromApp="*
FromState="*"
FromScreen="*
ToApp="MainMenuApplication.MainMenu"
ToRequestType="*"

ToStateOrScreens=
Allowed ="true"/>
<Permission FromApp="*"
FromState="*"
FromScreen="*"
ToApp="AlarmClockApplication.AlarmClock™
ToRequestType="SCREEN_DISPLAY"
ToStateOrScreen="AddNewAlarm”
Allowed ="false"/>
<Permission FromApp="*"
FromState="*"
FromScreen="*"
ToApp=
ToRequestType="*"
ToStateOrScreen="*"
Allowed ="true"/>

e

</Permissions>

Figure 43: A fragment from the rules file that is being used by the communication planner module to decide
over the grant or denial of permission to applications

Each rule is comprised of two triplets. The first contains the origin application name,
state name and dialogue name and the second contains the destination application
name, state name and dialogue name respectively. When a request is being made, the
communication planner module searches the available rules in a linear fashion until it
finds the first rule that matches the request. The rule is decided to match a request if

and only if the origin triplet matches with the currently stored state of the
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communication planner and the destination triplet matches with the request that has
just been received. When the first matching rule is found, the permission is either
granted or denied according to the rule’s verdict. If no suitable rule is found that
matches both the origin and destination triplets, the permission is denied by default.
The star wildcard (*) can be used to denote that any application, state or dialogue
name is eligible to be matched in the corresponding place where the wild card is being

used.

An excerpt from a rules file that can be used with the communication planner module

can be seen in Figure 43.

The figure shows a file containing three rules. The first rule permits the main menu
application to gain access to the display, become active and display any of its available
dialogues no matter what application is being currently displayed. This is to allow the
home button that navigates the user to the main menu screen to be enabled at all
times. No matter which application is active, when the user pushes the home button,
the communication planner module grants the requested permission to the main
menu application independently from the type of its request. The independence
regarding the previously displaying application is denoted by the star wildcard
characters in the origin triplet, while the independence in respect to the type of the
main menu request is denoted by the wildcard characters in the request type and
screen or state parameters in the destination triplet. In a similar way, the alarm clock
application is always denied the permission to display the “AddNewAlarm” dialogue
according to the second rule. Finally the third rule has been added to negate the
default behavior of the communication planner module when no matching rule is
found. Instead of denying the request, the third rule grants all requests from all origin
states to any destination states if no other rule has been matched before. Due to the
linear search mode of the rule file, the last rule will only run if and only if no other rule
has been previously found to match the respective request. This way the behavior of
the communication planner module can be completely customized to fit the needs of
all the applications that have been deployed on the robotic platform. Finally, the rules
are declared inside an XML file that can be loaded and reloaded at runtime to enable

reconfiguration of the module on the fly during the runtime.
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5.9 Augmented  context-awareness  through  Aml

environments (FAMINE)

An important role in the whole user robot interaction is played by the surrounding
environment in which the robotic platform is deployed. Being able to receive
information from the surrounding environment, the robot can use such intelligence to
implement smarter interaction behaviors while providing a better and richer set of
functionalities to the end users. The following sections discuss how inherent support
for the FORTH’s Ambient Intelligence Network Environment has been embedded into
the framework, how the necessary mechanisms were built for realizing method calls
and receiving events, as well as how FAmINE provides information can be used to

achieve augmented reasoning capabilities.

5.9.1 Sensing through the environment

The FIRMA framework has embedded support for FORTH’s Ambient Intelligence
Network Environment. This was achieved by encapsulating the usage of the FAMINE
middleware inside a singleton class that is a black box to the developers of
applications. This class, namely the FamineWrapper, provides all the necessary
functionality for resolving services, calling functions, retrieving properties and
receiving events from FAmINE service while hiding the underlying code complexity to
the end developers. This enables the developers to make smarter applications that

take advantage of all the capabilities that such a smart environment has to offer.

The FamineWrapper blackbox was based on the singleton software design pattern to
ensure that only one instance on the class will be available throughout the runtime of
the system. This was done to conform to the design and programming guidelines of
the FAMINE network environment that dictate that initialization and shutdown of the
environment must take place only once during the runtime of a system. As a result,
the initialization of the FAmMINE environment happens during the lazy instantiation of
the singleton class and the follow-up clean-up that is required during the system

shutdown can be either explicitly requested or takes place automatically during the
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shutdown process of the system since the class implements the IDisposable WPF N

interface according to its development guidelines.

The developers that want to use the intelligence that FAMINE can add to their
applications, can resolve services simply by specifying three literal values, one for the
file where the service description exists, one for the name of the desired service and
one for the context under which the desired service should be found. The last value is

to permit multiple instances of the same service to run under different contexts.

private dvnamic ResolveService (FamineService £fs)
{
Type type = fs.Asm.GetType(fs.FullName) ;
return typeof (Ami.Famine)
.GetMethod ("RBesolvelService", new Type[] { typeof(string) })
MakeGenericMethod (tvpe)
.Invoke (null, new object[] { fs.Context }):
}

public object CallFunction(string serviceFullName, string method, objecﬁ[] args)
{
i rvice fs = _services[serviceFullName];
ype type = fs.Asm.GetType(serviceFullName) ;
MethodInfo methodInfo = type.Getrethod(method);
return methodInfo.Invoke(fs.ResolvedServiceObject, args);
}

public event EventHandler<object[]> SwitchCnEventCommand;
private vold SwitchOn_Executed(object sender, ExecutedRoutedEventArgs e)
i
//this
FamineBlackBox.FamineUtilities.Instance.CallFunction(service, "3Swi

cn", new object[] { room, tv }):
//or this
SwitchCnEventCommand.SafeRaise<EwventHandler<object[]>>(d => d(this, new object[] { service, room, tv })):

Figure 44: Resolving a service(top), Calling a function inside the blackbox (middle) and calling a function at the
developer's end using either the synchronous or the asychronous approach (bottom)

The resolving of the specified service from the specified context happens
automatically based on reflection, using the “ResolveService” function that is offered
by the FAmINE runtime. Having resolved a service, the developer can either call
service functions, retrieve service properties or receive service events. All three are
automated and each procedure is discussed below. Calling a function has been
developed to be as easy as specifying the name of the service on which the respective
function is desired to be called, the function name, and an array containing the
function arguments. The calling of the specified function is achieved by reflection on

the service assembly type. The function is retrieved from the assembly file of the
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service, a MethodInfo object is created that contains all the desired method’s
metadata that are required to call it and finally the actual method is dynamically
invoked on the resolved service object with the specified array of arguments returning

its result to the caller.

IEnumerable<EventInfo> comandEventé = uc
.GetType()
.GetEvents()
.Where<EventInfo>(el => ei.Name.Endsiith("EventCommand"));

foreach (var item in commandEvents)
1 :
string name = item.Name.Substring(@, item.Name.length - "EventCommand”.Length);
MethodInfo addHandler = item.GetAddMethod(); :
EventHandler<object[]> eh =
(o, e) =>»
{ FamineUtilities.Instance.CallFunction(e[@].To5tring(), name e.Skip(1).ToArray()); i
Object[] addHandlerArgs = { eh };
addHandler. Invoke(uc, addHandlerArgs);

Figure 45: Hooking up the asynchronous method calls with the actual methods that are being offered as part of
a service

The developer has two options for calling a function, one synchronous and one
asynchronous. The synchronous approach can be used when the developer needs the
return value of the function and the asynchronous approach can be used when the
return value of the function is not needed. The synchronous approach is discussed
above where the developer specifies the name pf the service, the name of the desired
method and provides an array containing the arguments. The asynchronous approach
is a little more tricky as the developer has to declare an event of type
“EventHandler<object[]>", named after the method he wants to call and postfixed by
the term “EventCommand”. Then, in order to call the desired function, the developer
has just to raise the respective event and provide as the event arguments an array
containing the name of the service and the argument of the desired method that is to
be called. The FAmMINE blackbox catches the emitted event, analyzes its name, looks
up the desired function from the desired service and places the actual call using the
specified array of arguments. However, this approach does not give the developer

access to the returned value. Figure 44 shows the resolving of a service, the “behind
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the scenes” calling of a function and the two approaches that are given to the end

developers.

The asynchronous method call approach is based on the automatic hook-up of the
developer created events to the actual methods that are being offered by the
respective services. Figure 45 shows a fragment from the wiring procedure. The
respective user dialogue is scanned to retrieve all the declared events whose names
end in “EventCommand”. Then, every discovered event is wired to an anonymous
method that performs the actual method call whenever the respective event is
emitted. The service on which the desired method will be called is the first argument
inside the event’s argument list, while the rest of the arguments are repacked into an

array to become the arguments of the actual method call.

Receiving events from the ambient intelligence environment is even easier. All the
developer has to do is to declare a method named after the event that is of interest,
prefixed by the name “EventHandler_”. The declared method must have the same
number and type of arguments as the FAMINE event. Similarly to the aforementioned
approach, the wiring between the developer defined method and the actual FAmINE
offered events happens “behind the scenes” inside the FAMINE blackbox. Whenever
an event is received, if the name matches the developer declared function, the
provided function is called with the proper arguments so that the developer can

handle the event appropriately.

public void EventHandler_TWWolumeChange(string room, string TV, int volufne)

{

if (room.Equals(this.room, StringComparison.InvariagntCultureIgnoreCase) && TV.Equals(this.tv,
StringComparison.InvariantCul turelgnoreCase))
data.Volume = volume;
//Refresh command bindings
Commandflanager . InvalidateRequerySuggested();

Figure 46: Receiving events from the ambient intelligence environment

Figure 46 shows a code snippet that demonstrates the implementation of the
TVVolumeChange FAMINE event inside a custom developer dialogue. The event is

prefixed with the “EventHandler_” literal and has three arguments. Whenever the
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corresponding event is emitted by the ambient intelligence environment, the

developer specified function is called and the event is handled accordingly. In contrast
to the asynchronous method calling which was also based on events, this approach
does not require the developer to specify the service from which the event will come
because the FAMINE blackbox is able to search all available services and the respective
offered events and make the connections automatically. The events are automatically
disconnected from the developer’s declared functions automatically whenever the

respective dialogue gets unloaded from the screen.

5.9.2 Reasoning to achieve augmented context-awareness

Having all the necessary functionality to inherently support input from ambient
environments available, opens new dimensions to the reasoning capabilities of the
FIRMA framework. The framework has been given the capabilities to lookup and
resolve services of the ambient environment, call methods, receive events and
retrieve service properties. All this has made it possible for the framework to display
higher levels of “intelligence” by incorporating different environment sensors and

actuators to its reasoning modules.

// Buthor: Nick Kazepis <kazepis@ics.forth.gr>

module SampleService {
interface AmIEnvProxy {
!/l Types

enum UserExperience { NOVICE, AVERAGE, EXPERT }:

// Methods

boolean IsUserStanding ():

boolean AreLights0On ()
UserExperience GetUserExperience ()

// Events

wvoid UserIsStanding(in boolean isHeNow):

wvoid LightsAreOn (in boolean areTheyReally);

wvoid UserExperienceChanged (in UserExperience exp).;

¥
¥

Figure 47: Sample service that contains three methods and three events corresponding to three adaptation
properties, one from each of the three major adaptation categories that are offered by the FIRMA framework
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To demonstrate the aforementioned capabilities, a sample service has been
developed that contains three methods and three events, each one of which
corresponds to a values of each of the three different categories of adaptation
properties. The first is a property concerning the user’s skillset (experience), the
second is a property regarding the dynamic position of the user in relation to the robot
which has been discretized into the standing and sitting values and the third property
corresponds to the status of the lights of the room the user is in. Figure 47
demonstrates the description of the developed sample service in the interface
definition language that is used by CORBA which is the means on implementation for

the FAMINE ambient intelligence environment.

The aforementioned service was implemented as a standalone application that run on
a different distant machine in the same network as the sample application that was
built based on the FIRMA framework. Figure 48 shows the implementation of the
aforementioned service in the context of a standalone windows application. The
“environment” was capable of informing the adaptation mechanism of the framework
about changes in the state of the lights, changes in the position of the user (standing
or sitting), changes in the user experience (however unrealistic, it was used to
demonstrate the different instantiations of the adaptive component hierarchies) as
well as some other information regarding the gender and the voice of the speech

synthesis engine.
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Env. State Context
Lights: O on User posture: O standing @ sezted

Time of day: @ Day User wearing glasses: ® yes O no
Profile TTS properties
User Exp: || TTS Gender: @ Male (0 Female

NOVICE AVERAGE EXPERT TTS Velume (@ to 18):

Distance: [} TTS Rate (-10 to 18):

near illegible

TTS Pitch (-18 to 18):

FAmMINE Events:

Figure 48: Instantiation of the sample FAmMINE service that provides intelligence to the FIRMA framework
through the ambient environment and the robotic platform’s sensors

On the FIRMA framework’s end, the received information was fed info the adaptation
mechanism, namely the adaptation manager. The aforementioned properties were
included into the properties that drive adaptation decisions and these properties were
implemented according to the INotifyPropertyChanged component model interface.
This was done in order to be able to notify the reasoning engine of the adaptation
manager, whenever any of these properties changed its value that was triggered from
an event coming from the ambient intelligence environment. A mapping between
these adaptation driving properties and the actual adaptation values was performed
and an ACTA script was developed to change the actual adaptation parameters
accordingly. As a result, whenever the “environment” notified the adaptation
manager that an adaptation driving property had been changed, the adaptation
manager triggered the re-evaluation of the adaptation rules which came from the
ACTA script and the actual adaptation parameters were changed accordingly to the
facts that were inferred by the rule engine. Consequently, the
“AdaptationSettingChanged” event was emitted by the adaptation manager and all

the user controls, components and application dialogues that had been registered
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with the adaptation manager to receive these adaptation events, were notified about

the change and refreshed their adaptation parameters to retrieve the new values.

Incorporating the ambient intelligence environment into the adaptation mechanism
of the FIRMA framework, offers new possibilities towards building smarter robots,
enriching their functionality by enriching the sensors of the ambient intelligence
environment that the robotic platform is deployed into and as a result, providing
support for building more complex scenarios where the robot becomes part of the

ambient intelligence environment.

5.10 RoboThink: A reasoning ruleset for FIRMA based

assistive robot applications

The FIRMA framework is targeted to developers whose objective is to easily and
effectively build elderly-friendly multimodal interactive applications for assistive
robots. To this end, the framework comes with a pre-installed reasoning ruleset that
can be used for adaptation purposes in order to be able to infer facts about some
fundamental adaptation decisions when the robotic assistants come into play. In this
scope, the developer is given the opportunity to enable this available rule library to
activate the contained rules that provide adaptation for various aspects of the
developed applications in the context of different situations, based on a number of
predefined adaptation properties. The respective rules are provided as a separate rule
file that can be automatically loaded in the adaptation manager functional component
in order to drive the corresponding adaptation actions based on the selected
properties. The provided ruleset provides ready-made adaptation for the following

scenarios:

¢ Whenever the robotic platform is moving, the screen becomes unresponsive
to touch events, based on the assumption that since the robot is moving, any
touches on the screen are more likely to cause unintentional triggering of tasks

than provide desired actions
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Whenever the robot is moving its hand, the screen gets deactivated in a similar
manner as when the robot is moving while providing to the user only the
functionality for an emergency stop of the corresponding action

Whenever the user is supposed to interact with the robot but the robot is out
of touch range, the robot (if possible) moves to come closer to the user so that
he/she will be given the option to use the touch modality

Whenever the developer marks a decision dialogue as important, the robot
makes sure that the user sees and understands it and responds accordingly. To
achieve this, the robot moves and turns itself towards to the user, highlights
the important decision with high contrast colors and asks the user for
confirmation. In this scope, auto dismissible notifications are automatically
converted into manually dismissible notifications while the robot keeps asking
the user for confirmation while the notification is displayed on the screen. For
important dialogues, the voice input modality is deactivated and only the
touch input and gesture recognition modalities become eligible for use to
minimize false positives.

Whenever the robot starts interacting with the user, the displayed fonts,
framework elements and application components get automatically sized
according to the distance between the robot and the user and the time of the
day (bigger fonts and elements at night for more convenient interaction).
Whenever the robot provides audible feedback to the user, the speech
synthesis and audio volume get adjusted according to the distance between
the robot and the user. The further the robot is away from the user, the higher
the volume is in order to make sure that the information can be conveyed.
Finally, whenever the robot gets too far away from the user so that the screen
becomes illegible, the contents of the screen get replaced by a full screen
photo that corresponds to the current action or task of the robot. For example,
if the robot is in the middle of housekeeping (removing fallen objects from the

floor) the screen changes to display a full screen broomstick.
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5.11 Integration with ROS

In order for the framework to be able to interoperate with the robot operating system
which runs at the backend of the robotic platform, the implementation of a ROS client
library for windows was necessary. The implementation of the ROS client library for
windows in the C# language was an effort started by Eric McCann, a research assistant
at the University of Massachusetts Lowell Robotics Lab and Mikhail Medvedev (IBM,
Austin, TX) under the name ROS.NET®4,

ROS.NET is a series of C# projects and one C++ project (a p/invoke wrapper around
XMLRPC++) that allow a managed .NET application to communicate with any other
ROS nodes that may be running on the backend of the robot on some other linux
machine. To use it, the ROS_HOSTNAME and the ROS_MASTER_URI environment
variables must be set to contain the IP of the managed side application computer and
the Linux machine that runs the master node respectively. The ROS.NET managed
library is partly an implementation of the ROS client library for the managed .NET
framework along with some hacks to make the communication possible. For example
the message generation process has been automated to happen autonomously during
the subprojects building phase by respecting the folder structure that lies under the
“messages” folder. This enables and supports references that use just the desired
referenced message name instead of the entire messages subproject. Furthermore

the developed library:

¢ includes support for the implementation of dynamic reconfiguration and all
the prerequisites that are needed

e can generate a C# messages DLL containing standard, as well as custom
message classes that will match MD5s (99% of the time) with and successfully
send and receive (100% of the time when md5s match) to and from ROS nodes
in officially supported ROS client languages

e Allows a nearly ROSCPP API for all of the familiar ROS programming elements

such as publishers, subscribers, rosparam, service clients and servers, etc.

14 https://github.com/uml-robotics/ROS.NET
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The developed ROS client library has been used by its authors to communicate
between various WPF windows and robots for a handful of research projects, and in

their words “it could not have easily been replaced”.

Although the ROS.NET client library provided sufficient functionality to serve as a
stepping stone for integrating the ROS operating system with the FIRMA framework,
several communication aspects needed to be taken care of. Furthermore, the
approach towards creating managed publishers and subscribers had to be re-
implemented to follow the application lifecycles as they are defined in the WPF
control lifecycle design guidelines to ensure the maximum compatibility between the
framework and the ROS nodes that had to be developed for the framework’s
communicational needs. Finally, the service publication and subscription mechanism
had to be inspected and debugged as this part had not been tested by the original
authors of the ROS.NET library and caused several errors. In particular, the client
library was unable to successfully resolve some custom publishers and services, and
the unregistration of nodes during their shutdown did not succeed leaving ghost

nodes that caused pollution to the ROS middleware.

In order to realize and implement the aforementioned changes without interfering
with the original managed .NET library and in order to make it easy to merge the
changes back to the original master branch, a fork of the entire codebase was
performed to a local repository where the necessary adjustments, changes and
additions could be easily made. The local repository started containing a copy of the
original ROS.NET client library and was then modified accordingly to tweak and
implement the necessary functionality. The forked repository'® was hosted in github
under another account in order to be able to create a pull request when the changes
were implemented and the resulting code base was ready to be merged back to the
original library. Since the necessary changes concerned the fixing of bugs and the
sanitization of the publication and subscription mechanisms to conform to the design
guidelines of the WPF framework, their integration to the original code base was a

very important step.

15 https://github.com/nickkazepis/ROS.NET
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The resulting ROS client library incorporated all the necessary functionality for
creating and consuming ROS services and sending and receiving ROS messages. The
managed library offered the capability of creating new ROS nodes, advertising
publishers based on standard and custom ROS messages, subscribing to topics that
used both standard and custom ROS messages, advertising services based on both
standard and custom message definitions and finally consuming ROS services that
were defined in the robot’s backend linux machine. Furthermore, all the errors
regarding the resolving of topics and services were fixed, and the unsuccessful

unregistration of nodes was corrected.

The setup on which the aforementioned capabilities were tested, was a virtual
machine running Ubuntu 14.04 LTS and the ROS indigo flavor. Custom messages and
service types were developed to test the respective functionalities. The virtual
machine had its own IP address and run the ROS master service. The
ROS_MASTER_URI variable was pointed to the IP of the virtual machine running the
ROS master, while the ROS_HOSTNAME variable was pointed to the windows machine
IP which was running the sample windows applications. The communication between
the two machines was stable and robust throughout the tests even in scenarios where
multiple publishers, subscribers and services were active at both sides while any
overhead on the system appeared to be constant with no fluctuations in processor or

memory usage.
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#region Vector Length Service

private ServiceServer simpleServer;

private DateTime lastServed; :

private bool VectorLength(VectorLength.Request req, ref VectorlLength.Response resp)

{

DateTime now = DateTime.Now; :
o resp.length = Math.Sgrt(Math.Pow(req.x, 2) + Math.Pow(req.y, 2) + lath.Pow(req.z, 2)1;

Dispatcher.BeginInvoke(
new WriteToOutputWindowDelegate(WriteToOutputWindow),
new cbject[] {
now. TolongTimeString() + ": Just calculated: sqri(
req.y + ""2 + " + req.z + "2 =" +
resp.length + " [" + String.Format("{@:N2}",
(now - lastServed).TotalMilliseconds) + 1" });

"w "

+ req.x # "2 + " +

lastServed = now;
return true;

}

#endregion

Figure 49: The implementation of a ROS service on the windows side, using the ROS.NET client library for C#.

The developed ROS client library is used to interconnect the FIRMA framework with
the robot’s ROS backend. This way the framework to be able to send and receive
commands (service calls) while sending and receiving messages as well. This is of
utmost importance in order not only to incorporate the robot’s (and to some extent
the surrounding ambient environment’s) sensors to the frameworks reasoning
process but to be able to control the actual hardware of the robot as well. The ROS
interconnection has been offered as the capability to create ROS nodes and

manipulate the already existing ones in the backend.
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private NodeHandle simpleNodeHandle;
private void Window_Loaded(object sender, RoutedEventdrgs e)

{

//initialize ROS
ROS.Init(Environment.GetCommandLineArgs(), "winnode wpf");
//create our node
simpleNodeHandle = new NodeHandle();
//initialize a listener on the /chatter topic
simpleSubscriber = simpleNodeHandle
.subscribe<Messages.std_msgs.String>("/chatter”, 190, sub{:allback),
/finitialize a custom service
simpleServer = simpleNodeHandle ;
.advertiseService<VectorLength.Request, Uectc*Length.Respcnse)(}
"/vector_length”, ;
VectorLength

|H
//initialize all timestamps
lastReceived = lastPublishedTimestamp = lastServed =
lastRequestedTimestamp = DateTime.Now;
//initialize the publishers' thread
publisherThread = new Thread(new ThreadStart(Publisherkork));
//initialize the client thread
clientThread = new Thread(new ThreadStart(ServiceClientWork));
//start the publishers and the client thread
IsRunning = true;
publisherThread.5tart();
clientThread.Start();

Figure 50: The advertisement of a ROS service on the windows side, using the ROS.NET client library for C#.

The developer of an application can easily create a new ROS node, resolve a service
that is running on the robot’s backend on a specified topic and call the desired service
functions to instruct the robot to take action. This is the part that makes the whole
robot interactive and not just the user interface. Furthermore, the adaptation
manager was given the functionality to create a ROS node and subscribe to the sensor
publishers that run on the backend in order to receive notifications about dynamically
changing parameters regarding both the user and the surrounding environment. This
has given the framework augmented reasoning capabilities that can drive adaptation
to new levels that cause increased usability, user satisfaction and acceptance of these

technologies while contributing to a richer user experience.
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$¥include "ros/ros.nh"

#include "beginner tutorials/AddTwoInts.h"”

bool add(beginner tutorials::AddTwolnts::Request &req,
beginner tutorials::AddTwolnts::Response &ires)
{

Ores.sum = reg.a + req.b;
RO5_INFO("request: x=%1ld, y=%1d", (long int)reqg.a, (long int)req.b):

RO5 INFO("sending back response: [%¥1d]", (long int)res.sum);
return true;

int main(int argc, char **argv)

{
ros::init (argc, argv, "add two_ints_server");
ros: :NodeHandle n;

ros::5erviceServer service = n.advertiseService ("add two ints"™, add):;

RO5_INFO("Ready to add two ints.");
ros::spin():

return 0;

Figure 51: The implemetation and advertisement of a ROS service using the official roscpp client library

Figure 49 and Figure 50 demonstrate the implementation of a simple ROS service (that
calculates the length of a vector) at the Windows side using the ROS.NET client library
for C# as well as its advertisement to the ROS operating system in order to be able to
be used from the Linux backend. Furthermore, Figure 51 demonstrated the same
approach using the original roscpp client library for implementing and advertising the
same service on the backend Linux side. By comparing and contrasting the three
pictures, the similarities between the two client libraries can be observed. The
developers can develop ROS nodes, publishers, subscribers, services and clients in the
same way that would use the original roscpp client library to develop them for the
Linux backend. Figure 49 (1) is the exact equivalent of Figure 51 (1) for manipulating
the response of a ROS service, while Figure 50 (2) is the exact equivalent of Figure 51
(2) for advertising the created ROS service to the ROS operating system so that it can

be discoverable and callable from the Linux backend.
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etting frun_id to 32400953-62a7-1le5-beab-8E0e2768b3se

[re

tth pid [2581]

Figure 52: A virtual machine runnning the roscore and various publishers, subscribers and services

Figure 52 shows a virtual machine running the roscore prerequisites for the ROS
operating system while several terminals run publishers, subscribers and services. The
virtual machine is able to send and receive messages from the windows machine
where the windows version of the ROS client library runs. Furthermore, the Linux side
is able to receive service calls from the windows side and respond accordingly as well
as invoke remote service calls on the windows side and receive the respective answers

successfully.

Figure 53 shows the windows WPF application that connects to the backend ROS
instance, subscribes to its messages, publishes its own custom messages to the Linux
backend, receives and serves service call from the Linux side as well as successfully
calls remote services that lie on the Linux side and receive the respective answers. This
application is a windows application that comprises a WPF window and a textbox that
has been styled to look like a console window. However the full range of graphical

WPF capabilities are available on the windows side.

214




FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

Simple Publisher, Subscriber, Service :) - b “

Figure 53: Windows application running reveral ros publishers, subsribers and services on the windows side

Finally, all the changes were packed into a pull request at the original ROS client
managed library ROS.NET and was merged into the master branch a few days later by

the original authors or the project.

5.12 A common intelligence: The user, the robot and the

environment

The users, the domestic robotic platforms and the ambient intelligence environments
in which both of them exist and interact form a very special triad. On the one side,
there is the user with his particular needs, his preferences and his potential disabilities
or impairments, who needs to be able to interact with the robotic platform and the
environment. On the other side, there is a domestic robotic platform which is
deployed into an ambient intelligence environment, capable of exploiting its potential
to the maximum, having as its sole purpose to serve its user as best it can.
Furthermore, the objective of the robot is to make its user feel enabled to live
independently and safely at home rather than proactively overtaking many of his daily
tasks and chores around the house. The user wants to be able to use the robot and
the intelligent environment as a tool and a means towards achieving a better quality

of life rather than feeling replaced and overruled inside his own home.
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The robot’s role is very tricky to implement, as the very delicate equilibrium between
the empowerment of the user and the provision of proactive services and functionality
has to be maintained. If the robots take too much initiative, the user might feel
marginalized in his own life, however if the robot is totally dependent on the user it
might be perceived as an unwanted redundant burden. On the other hand, the robot
should be able to exploit the intelligence offered by the surrounding environment as
much as possible in order to provide the user with valuable functional services. This
can lead to increased levels of user satisfaction as the robot will be seen as an
invaluable tool, as a caregiver, as an irreplaceable companion and more importantly
as a friend and as a guardian that will always be there whenever the user needs it. By
incorporating the ambient intelligence of the environment into the robot’s reasoning
logic, the robot can have knowledge about everything that is going on inside the
house, including the physical state of the user. As a result, the user is protected against
life threatening incidents such as appliance related accidents (which the robot can
“foresee” and prevent) or health emergency situations that the robot can detect and

instantaneously call for help.

Furthermore, the robot’s intelligence contributes to a smoother learning curve as the
user is not required to adapt to the robot’s interaction patterns but the robot adapts
to fit the needs and preferences of the user to the extent where the interaction
between them feels natural. By incorporating all the different available modalities at
the disposal of the user, the interaction process becomes indistinguishable from the
daily life tasks that the user is accustomed to. The user does not need to remember
how to operate the robot. He can simply talk to it or wave at it and the robot is smart
enough to infer the user’s intentions and act accordingly. Furthermore, the user feels
safe and protected because he/she knows that whatever happens, the robot will be
there to support him independently if the robot is in the same room as the user or any
other room. In the former case the robot would be able to sense the emergency,
whereas in the latter situation the smart environment would convey the required

information to the robot.

However, carefully designing and planning the autonomy levels of the robot as well as

the degree of its proactiveness is of utmost importance, since it directly affects and
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influences the levels of acceptance that the robotic assistant will achieve. If the robot
and the environment are relatively subdued and do not actively engage with the user,
they will be considered redundant and useless. On the other hand, if the robot’s
behavior is too pervasive, it will be easily perceived as an intruder to the user’s life
and become rejected. Striking the golden mean without yielding to either of these

pitfalls can be a very interesting and challenging problem to solve.

This work tries to contribute in this ongoing struggle by providing the means to
developers for developing adaptive multimodal applications for robotic platforms
without having to mess with the mechanics of multimodality and adaptation while
providing the best to the end users from an HRI perspective along with ensuring the
optimum cooperation and interconnection of applications with the robotic platform
itself and the smart environment hosting it. As a result, the behavior of the robot can
be configured and tweaked accordingly, to provide optimal levels of engagements

with the user and proactiveness towards assisting his needs.
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6 Evaluation and Validation

6.1 Developer based Evaluation

Developer based evaluation refers to the evaluation of the FIRMA framework by

application developers. These developers can potentially be users who:

e Write code which extends but does not change the framework/software, e.g.,
a client to some service endpoints, a pluggable component coded against
some extensibility point, or a client software application that uses the
proposed framework to provide elderly-friendly multimodal interaction. As an
analogy, a software application developer of a private company who has
bought the FIRMA framework to create elderly-friendly interactive
multimodal applications.

e Write code that changes the framework/software, e.g., fixes bugs, makes the
software more efficient, or extends its functionality. As an analogy, a software
engineer who has access to some of the framework’s components’ source
code such as the ARMA runtime component and maintains or extends them.

e Are project members and have write access to the source code repository.
Unlike the above two categories, these developers have to be aware of such
issues as what the policy is on upgrading to use new versions of prerequisite
packages, coding standards, who owns copyright, licensing, how changes are
managed, if they’'re expected to support components they develop, how the
project is run etc. As an analogy, the author and main developer of the FIRMA

framework.

6.1.1 Methodology followed

The method that was selected for the developer based evaluation is the tutorial-based
assessment approach [144]. Tutorial-based evaluation provides a pragmatic
evaluation of usability of the software in the form of a reproducible record of
experiences through the use of scenarios. This gives a practical insight into how the
software is approached on a developer basis and helps detect any potential technical

barriers that prevent adoption.
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Tutorial-based evaluation reflects the experience of installing, configuring, using,
learning and building/creating using the software that is being evaluated. The result is
a forthright honest report based on the developers’ experiences, explaining what was
achieved with the software, including potential issues and shortcomings observed as
well as suggested workarounds and fixes for these issues. The evaluation revolves
around carrying out typical tasks using the software. In our case, the “software” was
the FIRMA framework and the selection of tasks was based on them being
representative of the FIRMA framework core functionality and intended purpose,
including getting the framework ready to be used, e.g., downloading and installing the
necessary components, setting up a development environment and making the

framework components available for development.

This decision was based on the consideration that there are no available heuristics or
guidelines for evaluating a development framework from the perspective of the
developers. Additionally, the FIRMA framework is a unique tool, i.e., there are no
known existing frameworks providing equivalent functionality that can be used for
comparative assessment. These two facts have ruled out the use of non-empirical
evaluation methods. On the other hand, the existence of a high fidelity prototype
made feasible the use of an expert user-based method, i.e., the developers. The
available options were to measure user performance, as well as to assess the users’
subjective opinion on the perceived usability of the framework in terms of creating
interactive multimodal elderly-friendly applications. Given the primary intention of
the current effort at the time (to demonstrate the technical feasibility for such a tool
before developing a commercial product), the subjective measurement was selected

as more informative of the opinion of developers.

Additionally, given the target user group of the tool, i.e., developers, who are by
definition expert users, it was decided to combine user satisfaction measurement with
expert user interface evaluation in order to obtain detailed developers’ comments and
suggestions on the FIRMA development framework as well as its interface design

regarding the ready-made components and framework elements.

The IBM Usability Satisfaction Questionnaires [145] was adopted for subjective
usability measurement in a scenario setting, and namely the After-Scenario
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Questionnaire (ASQ), which is filled in by each participant at the end of each scenario,
and the Computer System Usability Questionnaire (CSUQ), which is filled in at the end
of the evaluation. These questionnaires are available for public use, have been
satisfactorily in use for several years now and are considered as extremely reliable.

The questionnaires are reported in Appendix VII.

The result of the subjective evaluation with the IBM Computer Usability Satisfaction

Questionnaires is a set of metrics which can be summarized as follows:

o ASQ metric provides an indication of a participant’s satisfaction with the
system for a given scenario;

o OVERALL metric provides an indication of the overall satisfaction score;

o SYSUSE metric provides an indication of the system’s usefulness;

o INFOQUAL metric is the score for information quality;

o INTERQUAL metric is the score for interface quality.

6.1.2 Evaluation Procedure

The FIRMA framework was evaluated by six expert users with substantial experience
in application development. All users had at least a University degree in Computer
Science or related subject. All of them had at least a few years’ experience in the field
of creating WPF applications using the C# programming language and some basic
knowledge, but no extensive experience or practice, concerning adaptation or
localization practices or multimodality approaches. The user group consisted of four

males and two females, whose age ranged from twenty-five to thirty-five years.

The group of users was briefly introduced to the main objectives of the FIRMA
framework and of the evaluation experiments, and was provided with the following

material:

e a brief introduction to the setup of the development environment;

e a brief description of the FIRMA framework's functionality and tools;

e a brief scenario (including an accompanying tutorial) involving the creation of
a new toy application that consisted of two dialogue screens, as well as the

integration of different modalities, adaptive tasks, adaptation and localization,
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in order for the developers to be able to perform a more extensive testing of

the system’s features.

The developers were then requested to perform the tasks in the scenario, and fill-in
the user satisfaction questionnaires, as well as an expert evaluation report as detailed

as possible.

6.1.3 Evaluation Results

The results of the user satisfaction measurement are reported in Table 3 (ASQ) and

Table 4 (CSQU).

Userl | User2 | User3 | User4 | User5 | User 6 | Average

Scenario A
“Create a basic
new
application”
Scenario B
“Integrate
multimodality, 3,7 3,2 3,6 4,0 3,6 3,5 3,60
localize it and
add restrictions”

2,3 2,5 2,1 2,2 2,3 2,1 2,25

Table 3: After-Scenario Questionnaire (ASQ) Results (Range from 1 - highest - to 7)
Scenario A showed a variance of 0,019 which resulted into a standard deviation of
0=0,1384 while scenario B showed a variance of 0,056 which resulted into a standard

deviation of 6=0,2380.

User1l |User2 |User3 | User4 | User5 | User 6 | Average
SYSUSE 2,2 2,3 2,3 3,0 2,1 2,1 2,33
INFOQUAL 3,3 3,2 3,3 3,1 3,6 3,6 3,35
INTERQUAL 3,0 3,1 2,0 2,8 2,0 1,2 2,35
OVERALL 3,1 2,2 2,5 3,0 2,5 3,0 2,72

Table 4: Computer System Usability Questionnaire (CSUQ) Results

The conduct of the specific “Create a basic new application” scenario appears from
the results to have been easier than the conduct of the “Integrate multimodality,
localize it and add restrictions” scenario. This is probably due to the need of
developers to acquire some experience in how the framework works, what

functionality it offers and how this functionality can be achieved.
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The most appreciated aspects of the system were found to be its ease of use and
overall effectiveness in the context of multimodality integration, automatic
adaptation and localization and the reflection of the appearance of the end result
during the design and development time in the context of creating elderly-friendly
interactive multimodal applications. The users found the required workflow for the
creation of new apps to be pleasant and intuitive and they were pleasantly surprised
by the different supported automations that were supported by the system “out of
the box” such as the multimodality integration, adaptation and localization processes.
Concerning the included user interfaces and dialogues of the FIRMA framework, the
users found that they are self-explaining, and that the dialogue screens do not contain
information that is irrelevant. Font choices, colors, and sizes were considered
consistent, and icons and other graphical elements were considered intuitive. The
users also appreciated the fact that the framework is carefully designed to prevent
common problems from occurring in the first place (such as the automatic inclusion
of the design time style sheets which reflect the appearance of the end product), and
makes dialogues, actions, and dependencies visible. The developers particularly liked
the decoupling between the application dialogues and the application logic and were
enthusiastic about the fact that fine tuning of the application logic can be done at a
higher level without requiring the recompilation of the entire application code. Error
messages were also considered to be clear and precisely indicating the problem at
hand. A proposed improvement was to include in the dialogues (e.g., in the missing
state checking feedback dialogue) suggestions for correcting errors. Furthermore the
users offered helpful comments towards enhancements which are discussed later in

this section.

The identified weak points of the framework mainly concerned the limited
documentation provided. This was a known shortcoming of the prototype system,
attributed to existing constraints at development time, leading to rather limited and
focused documentation. The provided tutorial and documentation was focused on the
parts of the workflow at which the developers were expected to have the least

experience.
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As already mentioned, the developers were also requested to provide an expert
evaluation report accompanying the filled-in questionnaires. In these reports, the
users offered their overall comments as well as more detailed suggestions for
improvement of the FIRMA framework. The overall attitude of the users towards the
system was positive. It was also pointed out that the tool presents a low cognitive
load, and employs workflows and concepts familiar to application developers.
However it was also observed that that developer had to maintain and meddle with
different technologies to make an application work, something that was an expected

forthcoming stemming from the nature of multimodally enabled applications.

The developers pointed out that there are some parts of the workflow that could be
made further error-proof by providing some additional tools and editors. For example,
the developers found the ACTA scripting language rather enjoyable but almost all of
them commented that they would like some kind of auto-completion and some code
snippets that could expand to provide some skeleton code for creating an additional
application state or a transition between the current state and the rest of the states
of the current application. Furthermore, they pointed out that the translation of the
ACTA scripts into windows workflow foundation rulesets should be something that
should be addressed by the framework itself automatically to avoid synchronization
error between the rulesets and the source script files. This was a unanimous request
which was already in the current work’s future development list. Moreover, the
developers suggested that other parts of the workflow such as the creation of SRGS
grammars or the creation of restriction rules in the Communication Planner required
adding code in XML which was not very convenient for all of them in respect to their
experience with the language. In particular, the majority of them suggested that an
SRGS editor should be provided to minimize user errors during the creation or the
localization of SRGS grammars. Furthermore the development of an additional editor
was advised towards supporting the creation of restriction rules for the
Communication Planner while taking advantage of the semantics of the ACTA
language which could provide automatic listing of all the available states, dialogue
names and transition triggers. In addition, the developers suggested the creation of

automation projects for the required project types, class types and dialogue types in
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the Visual Studio IDE which was a foreseen request since the developers of the actual
prototype system had already contemplated on the provision of such functionality in
a subsequent version. Other comments concerned limitations and bugs of the current
implementation (e.g., window resizing problems, lack of some confirmation dialogues,

etc).

In general, the developers stressed that the availability of such a framework would in
their opinion be very helpful in creating elderly-friendly multimodal interactive
applications easily and effectively. However, it was also noted that a certain degree of
familiarity with the framework needs to be acquired before effective use in real
development cases, particularly in relation to the order of the tasks that the user has
to perform, which may not be clear at a first glance. A useful suggestion put forward
by four of the users was the addition of a step by step wizard for better guiding the
novice users of the framework, acting as a tutorial for understanding the framework’s
functionality. In general, the need of easily searchable support information, for
example in the form of Frequently Asked Questions, and of instructional interactions
was pointed out. Furthermore, some of the users had specific requests for additional
functionality and system capabilities they would like to see supported in future
versions of the framework. These mainly concerned the inclusion of additional
modalities, the formalization of the communication protocol between the framework
and the ROS operating system, the provision of automation class types in the Visual
Studio IDE for creating ROS nodes and subscribers and expandable code snippets for

adding application dialogues in code behind.

In general, the user evaluation of the FIRMA framework offered valuable insights into
the functional and the interaction characteristics of the system and reinforced the
belief that there is an actual need and demand for a framework providing the building-
blocks and tools to support the design and development of elderly-friendly interactive

multimodal applications for assistive robots.

6.2 FIRMA vs. Visual Studio” alone

The aim of this section is to elucidate the benefits of employing the FIRMA toolkit

instead of the Microsoft’s Visual Studio alone, in terms of the developer’s
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performance and efficiency. This is achieved by applying simple source code
development metrics (lines of code) to measure the reduction of code. The Visual
Studio Lines of Code metric indicates the approximate number of lines in the code.
The count is based on the IL code and is therefore not the exact number of lines in the
source code file. Code metrics, for the most part, ignores generated code since the
majority of that code typically can’t be modified by the developer directly.
Furthermore metrics results for an anonymous method that is declared in a member,
such as a method or accessor, are associated with the member that declares the
method. They are not associated with the member that calls the method. Hence the
total lines of code metric, as it is offered directly from the visual studio tools is a valid

metric to measure the reduction of code using the FIRMA framework.

In this section the development of the alarm clock application will be presented, taking
into account the appropriate integration and coding steps required for a developer to
build such an application from scratch. The same application will be revisited in an
FIRMA oriented development scenario where the same developer employs the FIRMA
framework to rapidly prototype the same application. Based on the presented
workflow in this chapter simple metrics are applied to the two alternative
development workflows so as to assess the overall reduction of effort that is achieved

via the usage of FIRMA.

6.2.1 Typical development stages

In order to build a fully functional alarm clock application, the developer would need

to follow the following steps:

¢ Develop the different interaction modalities including their parameterization
mechanisms in order to make them adaptable and adaptive
o Develop a speech synthesis modality which should be able to select at
runtime the gender, pitch, rate and volume of the voice
o Develop a speech recognition modality which should be able to
compile, load and unload speech SRGS grammars at runtime, handle
literal and semantic recognition results, handle audio problems and

support dynamic recognition threshold configuration
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o Develop a gestures recognition modality which should be able to select
at runtime the set of supported gestures that can be recognized.
Furthermore, since the gesture recognition engine runs on the backend
of the robot, all the functionality for creating a bridge between the ROS
operating system (which hosts the gesture recognition engine) and the
FIRMA framework would have to be developed

e Integrate a rule engine capable of loading and unloading rules at runtime,
support manual activation, manual chaining behavior, modality support for the
touch, speech and gesture modalities, state management and support for
validating rulesets against specific model instances of the respective
applications

¢ Develop a main hosting window for the created application, with support for
shortcuts to specific applications or emergency scenarios (e.g. the main menu
application, realized as a home button which is always visible, or the
emergency call application, realized as an always visible push button) as well
as visual cues for the state of the various supported modalities

e Implement the mechanism to support the orchestration of the different
application dialogues and screens

e Develop the necessary mechanisms to support adaptive tasks and adaptive
component hierarchies

e Develop an adaptation paradigm in the form of dynamic style loading and
implement at least one style from all three major style categories (see
5.5.2.3.3), namely the styles base category that is responsible for the overall
visual appearance of all the framework elements (visual tree) ~ 355 lines, a
coloring scheme style, ~25 lines and a sizing scheme style ~35 lines.

¢ Implement the integration with FAmMINE (see famine code metrics - ~100 lines)

e Develop a virtual on-screen keyboard (~1150 lines)

e Implement an adaptation manager to support the automatic Ul adaptation

(~200 lines).

The following table presents some indicative examples of using the Visual Studio

embedded functionality for calculating code metrics per project. Based on this

226



FIRMA: A Development Framework for Elderly-Friendly
Interactive Multimodal Applications For Assistive Robots

functionality the appropriate calculations where conducted in the case of the alarm

clock application.
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Figure 54: Code calculation metrics in Visual Studio

The following table presents the calculation of the code metrics in the case of a

developer that is scripting the applications and its components from scratch.

Component LocC

Speech synthesis integration ~200
Speech recognition modality and recognition scenarios ~300
Gestures recognition integration (using a predefined gestures set) ~200

Main hosting window ~200
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Orchestrator of application screens ~200
Adaptive tasks ~1200
Dynamic style loading and cascading stylesheets ~500
FAmMINE integration ~100
Ul controls ~800
Virtual keyboard ~400
Adaptation manager ~200
Alarm clock application Ul ~500
Alarm clock application logic ~400
Overall development effort ~5200

Table 5: Code calculation metrics for developing the alarm clock application from scratch

6.2.2 Developing with the FIRMA framework

Conducted the development of the alarm clock application using the FIRMA
framework a number of very critical tasks identified in the previous sections are
radically reduced or even eliminated, but some important steps are also added to the
development workflow especially for separating the application logic and rules from
the application development. More specifically, the tasks for developing the alarm

clock application using the FIRMA framework are:

e Use the different interaction modalities writing the code needed to import and
parameterize each modality
o Speech synthesis modality usage
o Speech recognition modality usage and SRGS grammars development
o Gestures recognition usage and gestures parameterization
o ROS interconnection
¢ Use the main Ul navigator window for hosting the created application
e Use the screen orchestrator to manage the displaying of application dialogues
on the screen
e Use the Ul toolkit to develop the application screens and dialogues for the
alarm clock application

e Use the ACTA framework to script the application logic
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Speech synthesis usage ~20
Speech recognition usage ~50
Gestures recognition usage and gestures parameterization ~50
ROS interconnection ~20
Use the main hosting window for the created application ~30
Use the screen orchestrator ~30

Use the Ul toolkit to develop the application screens for the alarm clock

~300
application
Use the ACTA framework to script application logic ~200
Overall development effort ~700

Table 6: Code calculation metrics for developing the alarm clock application using the FIRMA framework

Taking into account the overall development effort calculation as presented in the
previous table, the usage of the FIRMA framework could result into an overall

reduction of the development effort around ~86% under optimal conditions.

6.2.3 Code assessment metrics & Results

This section reported the results of a simple experiment that was carried out into two
distinct phases. Initially an application was developed from scratch taking into account
all the required functionality so as to achieve appropriate integration with the robotic
platform, integrate several input modalities, be capable of producing adaptive
behavior through alternative Ul representation and dynamic styling. Then the same
application was developed using the FIRMA framework. Using code metrics, the
overall development effort calculated by the lines of code a developer should write to
achieve a specific result was calculated for both cases. The experiment has proven
that the FIRMA framework can achieve up to 86% reduction under optimal conditions.
This is achieved in the case of small scale projects where the size of developed product
is smaller than the size of the FIRMA framework. In the case of larger scale projects
the reduction is still large but in smaller percentages. Furthermore the maximum
reduction is achieved when no additions are required to the core framework. In the

opposite case developers should also write code to include new features not
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supported by the framework. The majority of these situations will fall under the case
where new Ul components will have to be integrated into the system. In that case the
Ul components should be developed together with the appropriate style hierarchies

so as to support the different adaptation strategies.

6.3 Heuristic Evaluation

Heuristic evaluation - one of the most popular usability inspection methods - is a
usability engineering method for identifying usability problems in a user interface
design. Heuristic evaluation involves an inspection from a small group of expert
evaluators who examine the interface and judge its compliance against recognized
usability principles (the heuristics). In general, heuristic evaluation is difficult for a
single individual to carry out, because one person will never be able to find all the
usability problems in an interface. Experience has shown that different people find
different usability problems. More specifically, it has been proved [146] that the sets
of usability problems found by different evaluators are in large part non-overlapping.
Some usability problems are so easy to find that they can be detected by almost
everybody, but there are also some problems that are found by very few and
experienced evaluators. Furthermore, one cannot just identify the best evaluator and
rely solely on that person's findings, since it is not necessary that the same person will
be the best evaluator every time, while some serious usability problems are found by
evaluators who may not find other common usability problems. Therefore, it is
necessary to involve many evaluators in a heuristic evaluation in order to significantly
improve the effectiveness of the method. The ideal number of evaluators that should
be used in a heuristic evaluation has been calculated by Nielsen and Landauer [146],
who presented a model based on the following prediction formula for the number of

usability problems found in a heuristic evaluation:

ProblemsFound(i)=N+«(1—(1-D i)
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Where ProblemsFound(i) indicates the number of different usability problems found
by aggregating reports from i independent evaluators, N indicates the total number
of usability problems in the interface, and | indicates the proportion of all usability

problems found by a single evaluator.

This formula clearly shows that there is a good payoff from involving more than one
evaluator. It is recommended to use three to five evaluators in the procedure, since
fewer evaluators cannot detect an adequate number of problems, while using a larger
number of evaluators does not provide additional information concerning the
usability of the system. The evaluation will be performed by allowing each individual
evaluator to inspect the interface alone. After the completion of all evaluation
sessions, the evaluators will communicate and aggregate their findings. This
procedure is important in order to ensure independent and unbiased evaluations from
each evaluator. The results of the evaluation can be recorded either as written reports
from each evaluator or by having the evaluators verbalize their comments to an
observer as they go through the interface. During the evaluation session, the evaluator
examines the interface several times, inspects the various dialogue elements and
compares them with a list of recognized usability principles (the heuristics). These
heuristics, which are presented below in more details, are general rules that describe
common properties of usable interfaces. In addition to the checklist of general
heuristics, the evaluators can also consider any additional usability principles or
results stemming from their expertise. Furthermore, it is possible to develop category-
specific heuristics that apply to a specific class of products as a supplement to the
general heuristics. The output of the heuristic evaluation method is a list of usability
problems related to the system’s user interface, with references to those usability
principles that were violated by the design according to the opinion of the evaluators.
It is not sufficient for evaluators to simply say that they do not like something; they
should explain why they do not like it with reference to the heuristics or to other

usability principles.

Many advantages are claimed for heuristic evaluation. One of the most important is
that the method provides quick and relatively inexpensive feedback to designers,

while the results generate good ideas for improving the user interface. On the other
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hand, the development team will also receive a good estimate of how much the user

interface can be improved.

Additionally, there is a general acceptance that the design feedback provided by the
method is valid and useful. Heuristic evaluation can lead to many usability
improvements to take place before a release deadline that would not permit an
extensible usability testing involving end users. If the development team is open to
new ideas, heuristic evaluation can be an excellent investment of usability resources.
One of its great advantages is that it can be performed early on the design process
since earlier discovery of usability problems during the development lifecycle helps in
identifying and correcting obvious usability problems with very limited costs.
Furthermore, carrying out a heuristic evaluation on early prototypes, before actual
users are brought in to help with further testing, provides a focus for later usability

testing and decreases users’ time and effort spent in the usability test.

6.3.1 Rating usability problems

Usability problems’ rating according to their importance is a fundamental phase of the
heuristic evaluation procedure. As a result, redesign resources will be allocated so as
to eliminate the most severe problems first. A problem’s severity may be described as

a combination of three issues

a) The frequency of its appearance (i.e., frequent vs. rare)

b) The impact of its occurrence (i.e., the difficulty encountered by the user in
overcoming the problem)

c) Its persistence (i.e., whether it is a problem that users may overcome if the run

into it once, or if they will be repeatedly bothered by it).
In order to determine the severity of usability problems, the following scale is used:

e 0:Itis not a usability problem.

e 1:Itis an aesthetic problem only: unless there is available time, redesigning is
not necessary.

e 2:Itis a minor usability problem: eliminating such problems will be assigned a

low priority.
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e 3: It is a major usability problem: removing such problems should be given a
high priority.

e 4:Itis a usability catastrophe: such problems should be definitely eliminated.

6.3.2 Heuristic rules

The ten general heuristic rules that have been used for the evaluation of this research

work are the following [147]:

1. Visibility of system status: The system should always keep users informed
about on-going procedures, through appropriate feedback and within
reasonable time from the relevant actions of the user.

2. Match between system and the real world: The system should speak the
users' language, with words, phrases and concepts familiar to the user, rather
than using system-oriented terms.

3. User control and freedom: Users often choose system functions by mistake
and will need a clearly marked "emergency exit" to leave the unwanted state,
without having to go through an extended dialogue.

4. Consistency and standards: Users should not have to wonder whether
different system messages, situations, or actions mean the same thing. Thus,
their interpretation should be unique and intuitive for the users.

5. Error prevention: A careful design, which prevents a problem from occurring
in the first place, is even better than helpful error messages.

6. Recognition rather than recall: Objects, actions and options should be visible.
The user should not have to remember information from one part of the
interface dialogue to another. Instructions for use should be visible as well, or
easily retrievable when appropriate.

7. Flexibility and efficiency of use: The system should cater to both
inexperienced and experienced users.

8. Aesthetic and minimalist design: Information that is irrelevant or rarely

needed should not be presented at first level.
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9. Help users recognize, diagnose and recover from errors: Error messages
should be expressed in plain language (no codes), precisely indicating the
problem, and constructively suggesting a solution.

10. Help and documentation: Even though it is better if the system can be used
without documentation, it may be necessary to provide help and
documentation. Any such information should be easy to search, focused on

the user's task, list concrete steps to be carried out, and not be too large.

6.3.3 Methodology followed

In order to evaluate the Ul controls of the FIRMA framework the following procedure

was followed:

¢ A Ul window was developed in order to host a demonstrator application for
the evaluators
¢ From the Ul window a list of buttons became available to the evaluators so as
to select the Ul control to evaluate
e By pressing one of the buttons a new window was opened displaying on the
center the control to be evaluated
e A drop down menu was available to the evaluators that contained a number
of pre-defined profiles. The selection of an option from the drop down menu
resulted to the adaptation of the user control to the selected profile
This process was preferred mainly because it made easier for the evaluators to mark
the identified usability errors by just filling in a table the name of the control, the

selected profile and the error.

For performing the evaluation three usability experts used the presented application
and through the application inspected all the available controls and recorded the
identified usability problems. These problems were gathered per control and graded

based on their severity.
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6.3.4.1

AM/PM specifier
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The following table presents the usability errors identified during the evaluation of the

“AM/PM specifier” user control.

Suggestion

Although the contrast used to
mark the selected option is
adequate, the contrast for the
not selected one is not

adequate.

The AM/PM options are
grouped with a container that
has a border and background.
The text is outside the
container. This in some cases

may confuse the user.

Buttons seem stretched within

the border of the control.

Severity Profile
score

1 All profiles
1 All profiles
1 All profiles
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Make sure that
the contrast is
appropriate in
both cases and
that the wuser
understands
which  contrast
represents  the
selected and
which the not
selected option

It will be more
appropriate to
encapsulate
everything within
the border so to
mark the
boundaries of the
control and give
better visual
information  to
the user.
Consider

increasing the



Evaluation and Validation

Furthermore the distance default size of the
between the buttons seems control and
limited adding extra

padding around
and between the
controls. This will
also enhance the
usage of the

control on touch

devices
The default colour of the not 2 No adaptation Consider altering
selected button (grey) might the default
lead to misinterpretation (the button colour

user may understand that the

button is disabled)

Table 7: AM/PM specifier heuristic evaluation results

6.3.4.2 The Binary decision dialogue

The following table presents the usability errors identified during the evaluation of the

“Binary decision dialogue” user control.

Severity Profile Suggestion

score
There is an issue with the 2 All profiles Use a tool to
colour contrast of control identify the
buttons especially in the case appropriate
where textual descriptions are colour contrasts
inserted. The white on grey per profile and
produces poor contrast. remain consistent

on these selection
for all the

controls.
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On the demo application text 1 All profiles Just increase the
seemed stretched towards the threshold on the
bottom side of the button bottom side to
while having enough threshold match the one of
on the top side. the top side of the
button.
The distance between the 1 All profiles Consider adding
buttons seems limited extra padding
around and
between the

controls. This will
also enhance the
usage of the
control on touch
devices

The default colour of the 2

No adaptation Consider altering

buttons (grey) might lead to the default
misinterpretation (the user button colour
may understand that the

button is disabled)
Table 8: The Binary decision dialogue heuristic evaluation results
6.3.4.3 Calendar

The following table presents the usability errors identified during the evaluation of the

“Calendar” user control.

Severity Profile

Suggestion

score

Calendar in not always 3 Low ambient light Consider

readable increasing  font

size in the
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Calendar text is not scaled 3

consistently.  Although not
evaluated in the same window
it seems like the calendar text
is not scaling in the same

percentage as occurring in

other controls.

Embedded calendar buttons
are difficult to use. Calendar
buttons will be hard to use on a
touch screen even for users
with no functional limitations
because they are too small.

The distance between the day
links seems limited especially

when touch devices are used.

All profiles

All profiles

All profiles

appropriate
profiles

Make changes
that happen to
the calendar
control consistent
with the changes
that happen to
other user
controls.
Embedded
buttons should at

least triple in size.

Consider adding
extra padding
around and
between the day
links. This will also
enhance the
usage of the
control on touch

devices

Table 9: Calendar heuristic evaluation results
6.3.4.4 Analogue clock

The following table presents the usability errors identified during the evaluation of the

“Analogue clock” user control.
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Severity Profile

score
Time is not always easy to 3 All profiles
perceive
In the case of high levels of 3 Ample ambient
ambient lighting, the hands of lighting profile

the clock might not be visible

Table 10: Analogue clock heuristic evaluation results

6.3.4.5 Expert time selection dialogue

FIRMA: A Development Framework for Elderly-Friendly
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Suggestion

Consider adding

numbers to
indicate time and
make clock hands
thicker.
Furthermore
eliminate
subdivisions
between every
five minutes
Consider
eliminating color
coding and using
black for clock

hands

The following table presents the usability errors identified during the evaluation of the

“Expert time selection dialogue” user control.

Severity Profile

score

Suggestion

The drop down menu that 1 All profiles
appears on the right side of the

control seems to have different

text size than the one used to

indicate selected time

The drop down on the left side 3 All profiles

is not perceived as one until
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Consider altering
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someone touches it. This is
mainly due to the very small

size of the down arrow

Buttons plus and minus should
have a more three dimensional
look so as to be more easily
perceived as a place where
interaction should happen

Borders that distinguish hours
from minutes are not always

visible

The default colour of the

buttons (grey) might lead to

misinterpretation (the user

may understand that the

button is disabled)

2

All profiles

Low ambient light

No adaptation

increasing the

arrow size
according to the
selected profile
Consider

increasing

shadow depth

Consider making
borders thicker or
painting borders
with a  more
intense value of
grey

Consider altering
the default

button colour

Table 11: Expert time selection dialogue heuristic evaluation results

6.3.4.6

Virtual keyboard User Control

The following table presents the usability errors identified during the evaluation of the

“Virtual Keyboard” user control.

Severity

score

Profile

Suggestion

Text is not readable in most of

the profiles (especially
considering usage by elder

users)

3
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Consider
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size in all profiles
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Buttons should be made more 2 All profiles Increase the

visible contrast of button
borders

The QWERTY layout is not 2 Low ambient light = Keep layout |

consistent in all profiles consistent

between profile
changes

Not all symbols are available 1 All profiles Consider
providing another
view to access the

full set of symbols

The default colour of the 2 No adaptation Consider altering
buttons (grey) might lead to the default
misinterpretation (the user button colour

may understand that the
button is disabled)

Table 12: Virtual keyboard user control heuristic evaluation results

6.3.4.7 Virtual keyboard input dialogue

For this control the issues that were identified for the Virtual keyboard remain the

same. This section identifies the issues of the dialogue that encapsulates the keyboard

so as to become an input dialogue.

Severity Profile Suggestion

score
The user may not understand 1 Low ambient light Consider
that the keyboard is popped-up providing enough
as a dialogue contrast so as the

dialogue remains
always visible
The contrast of the text field is 2 All profiles Increase contrast

very limited. The “Enter your
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text here” message is not

always visible

The text field seems two | 2 Al profiles Insert an internal
dimensional. It is not certain shadow to the
that users will perceive it as a text field so as to
place to enter text look like a

placeholder for

text

Table 13: Virtual Keyboard input dialogue heuristic evaluation results

6.3.4.8  Auto dismissible notification

The following table presents the usability errors identified during the evaluation of the

“Auto dismissible notification” user control

Severity Profile Suggestion

score
The text size and contrast may 2 Especially in the Increase contrast
not be adequate for usage case of low and possibly
together with some user ambient light consider
profiles increasing  text

size in some

profiles

Table 14: Auto dismissible notification heuristic evaluation results

6.3.4.9 Hour selector

The following table presents the usability errors identified during the evaluation of the

“Hour selector” user control

Severity Profile Suggestion
score
Although the contrast used to 1 ~ All profiles Make sure that
mark the selected hour is the contrast is

appropriate in all
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adequate the contrast for the cases and that the
not selected is not user understands
which  contrast
represents  the
selected and
which the not

selected hour

The external padding is not the 1 All profiles Aesthetically
same with the internal padding making these
distances the

same will improve
the look and feel

of the control

The default colour of the not 2 No adaptation Consider altering
selected buttons (grey) might the default
lead to misinterpretation (the button colour

user may understand that the

button is disabled)

Table 15: Hour selector heuristic evaluation results

6.3.4.10 Minutes selector

The following table presents the usability errors identified during the evaluation of the

“Minutes selector” user control

Severity Profile Suggestion

score
Although the contrast used to 1 All profiles Make sure that
mark the selected minutes is the contrast is
adequate the contrast for the appropriate in all
not selected is not. cases and that the

user understands

which contrast
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The external padding is not the 1

same with the internal padding

The default colour of the not
selected buttons (grey) might
lead to misinterpretation (the
user may understand that the
button is disabled)

The units selection dialogue
may cause issues in selecting

the desired value

The dashes in the dozens
selection dialogue are
completely unintuitive and can
be easily confused for the sign

of subtraction

Table 16: Minutes selector heuristic evaluation results
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All profiles

No adaptation

All profiles

represents  the
selected and
which the not
selected minutes
Aesthetically

making these
distances the
same will improve
the look and feel
of the control

Consider altering

the default

button colour

Consider
evaluating  this
control with real
users

Consider
removing the
dashes and add a
zero for the units
as if the final
selected value
comes from
adding the dozens

value with the

units value.
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6.3.4.11 Options presenter

The following table presents the usability errors identified during the evaluation of the

“Options presenter” user control

Severity Profile

Suggestion

score

The options are not clearly 2 All profiles Consider adding a
identified as buttons more three
dimensional look
and feel to the
buttons so as to
be clearly
distinguishable
Each option seems to have a 2 All profiles Consider
separate background behind eliminating the
each button. This introduces background
fuzziness to the interface
The next and back options 2 All profiles Consider
cover a large area of the providing a
display. This might make developer
interfaces with a lot options controlled

harder to use (a lot of pages
must be generated so as to

host all the options)
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buttons are
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have space for
twelve
concurrently
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The default colour of both the
options and the next/back
buttons might lead to
misinterpretation (the user
may understand that the
button is disabled)

In some case the control may
be used to present items that

are not named as optionsin the

context of a specific interface

Table 17: Options presenter heuristic evaluation results

6.3.4.12  Spinner

2 No adaptation

2 All profiles

Consider altering
the default

button colour

Consider

providing an
option for the
developer to
change message

text

The following table presents the usability errors identified during the evaluation of the

“Spinner” user control

Severity Profile

Suggestion

The “plus” and “minus” options
are not clearly identified as

buttons

The caption of the spinner is
located on the bottom side of
the control. In some cases
developers may wish it to be

positioned elsewhere

score
2 All profiles
1 All profiles
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In some profiles (e.g. novice 2 Novice user Consider altering

user) the plus and minus symbols with text

options may be confusing (e.g. next-
previous)

The default colour of the 2 No adaptation Consider altering

buttons (grey) might lead to the default

misinterpretation (the user button colour

may understand that the
button is disabled)

Table 18: Spinner heuristic evaluation results

6.3.4.13 Tile button

The following table presents the usability errors identified during the evaluation of the

“Tile button” user control

Severity Profile Suggestion

score
Tile button is not clearly 2 All profiles Consider adding a
identified as button more three

dimensional look

and feel to the

buttons
Tile button presents a border 1 All profiles Consider allowing
around the image that changes the developer to
between profiles. In some override just the
cases the developer might border colour
need access to this value for each
functionality profile
Tile button has curves on each 1 All profiles Consider allowing
angle. In some cases the the developer to
developer might need square select the desired

corner radius
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buttons for his application but

with the same functionality

Table 19: Tile button heuristic evaluation results

6.3.4.14  Time selection dialogues

The following table presents the usability errors identified during the evaluation of the

“Time selection” user control

Severity Profile Suggestion

score

The external padding is not the 1 All profiles Aesthetically
same with the internal padding making these
distances the

same will improve
the look and feel
of the control

The default colour of the 2 No adaptation Consider altering

buttons (grey) might lead to the default

misinterpretation (the user button colour

may understand that the

button is disabled)

The layout used in all profilesis 2 All profiles Consider allowing

horizontal (first hour then the developer to

minutes and then AM or PM). change the

This may result into space or
layout limitations for some

application.

placement or just
the orientation of
the time selector

user control

Table 20: Time selection dialogues heuristic evaluation results

6.3.4.15 Ul navigator

The following table presents the usability errors identified during the evaluation of the

“Ul navigator” user control
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Severity Profile Suggestion

score
The options that appear on the 2 All profiles Consider adding a
bottom side of the container more three
are not clearly identified as dimensional look
buttons and feel to the

buttons so as to
be clearly

distinguishable

The layout used in all profilesis = 2 All profiles Consider

horizontal. This layout option providing

may not be always what the alternative

designer or the developer navigation

wishes for his/her application templates and
allowing the
developer to

select the most
appropriate  for

his application

Table 21: Ul Navigator heuristic evaluation results

249



Evaluation and Validation

6.3.5 Discussion

This section has presented the process followed and outcomes of the heuristic
evaluation of the FIRMA framework. The results of the evaluation were rather positive
in terms of the overall acceptance of the framework by the evaluators and all the
identified usability errors were clearly defined and documented. Based on the
feedback received a second iteration to the development of the Ul framework was
conducted in order to fine tune the controls. This preliminary evaluation should be
considered as an intermediate step to the overall process of evaluating the outcomes
of this research work. The final validation will occur by a larger scale user based

evaluation.

The final validation will take place in the context of the European RAMCIP project trials
that will take place during a six month period in Spain (Barcelona, Fundacio ACE,
Barcelona Alzheimer treatment and research center) and in Poland (Lublin Medical
University). The end users will be healthy elderly volunteers and MCl/early AD patients
that will interact with the RAMCIP robotic platform in controlled environments during
the time period April 2017 — October 2017. The Ul of the RAMCIP platform will be
based on the FIRMA framework and will be evaluated and validated in terms of ease

of learning and ease of use, comfortable perception, acceptability and satisfaction.
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7 Case-study applications based on the

FIRMA framework

This chapter presents the outcomes of this research word in the context of two
implemented applications that were based on the FIRMA framework. To this end, this
chapter presents the way that the implemented by this research work infrastructure
and framework tools and elements are used to facilitate the needs of the creation of
two case study applications, namely the alarm clock application and the TV control
application. The first application is the alarm clock application that can be used for
managing a user’s daily tasks scheduled for specific times of the day. The second
application is the TV control application that can be used for managing the television
sets around the house. The TV control application uses a FAmMINE service that exposes

the necessary functionality regarding the control of the different TV sets.

The test case applications have been hosted into differently styled Ul Navigator
windows according to the adaptive style hierarchies approach that is discussed in the

previous chapter.

Please select an application:
o io
Home Control | Alarm Clock Cooking Aid
| 0 ) _ | 1 —
’ @‘ C Please click on a tile
Medication | We: . ®
—— : o
| ) (o]
et - e ;
Home Control hedule
Management
#i A
ajetication The Weather
Helper

Figure 55: The Main Menu hosted into differently styled Ul Navigator windows
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Figure 55 shows the two main Ul Navigator windows hosting the two test case
applications. The windows have been styled differently to demonstrate the styling

capabilities of the framework.

7.1 The Alarm Clock Application

7.1.1 Preliminary low fidelity paper based prototyping

The alarm clock application is responsible for displaying the current time as well as
managing the daily alarms of the user in respect to the time of the day. The user is
able to see the current time, see his daily alarms, add new ones, delete existing alarms
and snooze elapsed alarms. The application supports all available interaction

modalities and is adaptable and adaptive to fit the needs of the users.

.énl-i-ﬂtw'—“‘ 52
S24pl sS4
152400 —» S 3
IS3 40k — S5
1

[$3 -[F] — 5.9

_&;%L%‘l_. B
| St."f*v’_‘ 52

(S 5-bad G2 |

Figure 56: Preliminary low fidelity paper based prototyping for the Alarm clock Application

Figure 56 shows the mockups from the low fidelity paper based prototyping approach
regarding the design, and the states of the internal FSM of the Alarm clock application

that led to the implementation of the final application.
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7.1.2 Implementation

The selected designs that stemmed from the low fidelity paper based prototyping

regarding the Alarm Clock Application, drove the implementation of the application.

The adaptations that have been implemented for this test case application concern
the coloring scheme of the application which changes depending on the time of day,
on the level of the ambient lighting in the surrounding environment and on whether
the user is wearing his/her glasses or not. During the day, or when the lighting level of
the room increases (the lights are turned on), the coloring scheme of the application
changes to a lighter scheme that is easier for the eyes in order for the user to be able
to see more clearly. Furthermore, when the level of ambient lighting is reduced, the
application automatically changes into a darker color scheme with higher contrast to

compensate for the lighting changes.

Please select an application:

Home Control Alarm Clock Cooking Aid

% < e

Medicati =

Please click on a tile

CALENDAR

Alarm Clock Calendar

Figure 57: The main menu showing the alarm clock application (top), the “schedule management” submenu
displaying the alarm clock icon as an alternative to hosting all the applications in the main menu (bottom)
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Finally, when the robot detects that the user is not wearing his/her prescription
glasses, the coloring scheme changes to a high contrast scheme to facilitate the user.
Similarly, the size of the used controls, dialogues and messages change in respect to
the respective pose of the user and the distance between the user and the robot to

allow for comfortable interaction.

The time is:

The fime is:

The time is:

9:34 PM

()
St -
Back to Clock \.../ : 9:00 am - Walk th

Add New Alarm

2:00 pm - Lunch with Olivia

Back to Cleck
6:00 pm - Stroll in the park

- 8:00 pm - Reunicr
Add New Alarm

Figure 58: The different coloring and sizing schemes supported by the alarm clock application

I sc

Add New Alarm

When the user is sited, the size of the used controls, dialogues and messages adapt
according to the distance between the user and the robotic platform. The application
supports three different sizes, a large sized scheme for bigger distances, a medium
sized scheme for average distances and a small sized scheme for a more comfortable

interaction when the robotic platform is very close to the user. Furthermore, the
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application supports a dark colored scheme for the night and a light colored scheme
for the day. Moreover, when the robot detects that the user is not wearing his/her
glasses, the application’s scheme changes to a high contrast coloring scheme for

convenience.

Figure 57 shows the alarm clock application icon both as part of the main menu and
as part of the “Schedule Management” category (submenu) of the main menu as

opposed to hosting all the available application in one main menu.

Figure 58 shows the different coloring and sizing schemes that the alarm clock

application supports.

The time is:

2:11 PM

Show Alarms

Figure 59: The Alarm Clock Application: Displaying time

Figure 59 shows the clock screen of the alarm clock application. On the lower bottom
right corner of the window, a green visual cue representing the status of the speech
recognition modality can be seen. The speech recognition modality is active, hence
the green “ear” icon is visible. The clock screen displays the current time of the day.
The coloring scheme of the application is dark due to the bright ambient lighting and
the fonts and buttons that have been displayed are big enough for the user to be able
to see while being in a standing position beside the robotic platform. The Home button

of the main Ul Navigator window is enabled which shows that the user has navigated
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away from the home screen of the main menu and the green speech recognition

modality cue displays that the modality is active.

The time is:

2:12 PM

Show Alarms

as
\ =& )
- Home

Figure 60: The Alarm Clock Application: Displaying time while adapting to the user position and the ambient
lighting

Figure 60 shows the same main clock screen of the alarm clock application, displayed
using a different coloring scheme and different sizes for the various framework
elements, controls and messages that were used. The coloring scheme has changed
to brighter colors in accordance with the adaptation policy in cases of darker ambient
lighting conditions, whereas the sizes of the different controls has been reduced to
accommodate the fact that the user is sitting in a chair and the robot has navigated in
front of him. The home button of the window is active because the user is not in the
main menu screen and the speech recognition modality is being displayed as active.
The user can press the home button to return to the main menu of the robot or press
the “Alarms” button to navigate to the screen that displays the current schedule of
the day. Since the speech recognition modality is active, the user can also give verbal

commands to the robot.
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The time is:

2:1.3 PM

Figure 61: The Alarm Clock Application: Using the speech output modality to verbally tell the time

Figure 61 shows the exact opposite adaptation policy in contrast to Figure 60. The
application is using the dark color scheme and the sizes of the various controls have
been increased due to the fact that the user is now standing. Furthermore, on the
lower bottom left corner of the main window, a visual cue regarding the speech
synthesis modality is being shown. The above clock screenshot displays the alarm
clock screen when the robot is telling the time to the user using the speech synthesis
output modality. The modality is adapted to the context of use and the preferences of
the user (volume, rate, pitch, gender of the used voice) and the modality status is
depicted by the yellowish round icon which displays the robot talking to the user. As
a result, the adaptation manager has temporarily deactivated the speech recognition
modality in order to avoid the case where the robot might recognize its own speech
as a dictated command. As a result the visual cue that represents the speech

recognition modality has been changed into a red disabled icon.
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9:00 am - Walk the dog

Jj-”u}"-‘\
- »
sl 2:00 pm - Lunch with Olivia

Back to Clock
6:00 pm - Stroll in the park

8:00 pm - Reunion at school

Add New Alarm

Figure 62: The Alarm Clock Application: Daily alarms overview

Figure 62 shows the alarms screen of the alarm clock application. In the middle, the
user can see a list containing all the daily alarms that are active for the respective day.
For each alarm, the time of the alarm and an assigned message that describes it is
being displayed. The user has the liberty to select a desired alarm and press the red
“X” button next to it in order to delete it. Before the deletion of the selected alarm, a
confirmation message is displayed. Furthermore, the user can press the “Back to
clock” button (containing both an image and a text description) in order to return to
the previously displaying screen, the “Add new alarm” button to add a new alarm or
the home button to return to the main menu screen. The speech synthesis modality
is active and the robot is ready to accept verbal commands from the user, while the
speech synthesis modality is inactive as the robot is not currently communicating any

auditory information to the user.
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n 9:00 am - Walk the dog

-
7| 2:00 pm - Lunch with Olivia

Back to Clock

6:00 pm - Stroll in the park

EEJEJES

8:00 pm - Reunion at school

‘Add New Alarm

T
\ EE )
- Home

Figure 63: The Alarm Clock Application: Daily alarms overview adapted to the ambient lighting of the room

Figure 63 displays the same daily alarms overview screen as Figure 62 but the coloring
scheme of the application has been automatically adapted to the low ambient light

conditions of the room at the respective time.

Add new alarm with a message:

Add Alarm

Figure 64: The Alarm Clock Application: Adding a new alarm
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Figure 64 shows the alarm adding screen of the alarm clock application. The screen
displays the current time of the system to facilitate the user when he wants to add an
alarm at a relatively short time span. Having set the alarm time to match the
respective time of the day makes it easier for the user to apply small time deltas to
create alarms that are differ in small timespans. Furthermore, the user can specify a
custom message to assign o the alarm that is being created. The user can specify the
desired alarm time by pressing on the button displaying the alarm time. By pressing
the alarm time button the time selection process is initiated, where the user is guided
step by step throughout the time selection procedure according to his preferences
and level of experience. The time selection process is automatically tailored to the end

user while the respective adaptive task hierarchy is instantiated step by step.

Insert your message below:

Figure 65: The Alarm Clock Application: Specifying a message to assign to the new alarm
When the user has selected the desired time for the alarm he can press the “Add
alarm” button to confirm the creation of the alarm, or the “Cancel” button to return

to the previously displayed screen.

The user is given the functionality to add a message to be assigned to the alarm being
created by pressing on the message textbox that is displayed on the screen. When the

user presses the textbox, the screens changes into the one that is displayed in Figure
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65. The screen changes to display a virtual on-screen keyboard that the user can use
to input the desired alarm message. When the user finishes entering the message, he
can either press the “Accept” button to accept the message and return to the previous
screen or the “Cancel” button to return to the previous screen without accepting the

changes.

Add new alarm with a message:

Walk the dog

Figure 66: The Alarm Clock Application: A message for the new alarm has been assigned

Figure 66 shows the alarm clock creation screen where the user has accepted the

changes regarding the message that is assigned to the alarm being created.

When the user presses the alarm time button, the time selection process is initiated.
Figure 67 displays the time selection process for the experienced user. The user is
presented with spinners and a drop down box to select and adjust the desired time in
terms of hour, minutes and the am/pm time specifier. The time selection process is
adapted to the experience of the user. Different controls and additional steps can be

automatically selected by the framework for average or inexperienced users.
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Change the minutes

U 00 10 [ 20 fs0f 40 ] 50
The alarm is set for: Unit n n a n n
9:15 PM i
008000

Figure 67: The Alarm Clock Application: Specifying the time of the new alarm

The user can select the desired time and then accept the changes or reject them to
return to the previous dialogue. The user is able to cancel at any time, or press the
home button to return to the main menu screen. The speech recognition modality is

enable, therefore the speech recognition visual cue is green.
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Alarm Added

The alarm

"Walk the dog"

has been scheduled for

09:35 pm

Figure 68: The Alarm Clock Application: Alarm added notification

Figure 68 displays the confirmation dialogue when the user acknowledges the creation
of a new alarm. The notification include the time of the alarm as well as the specified

assigned alarm message.

9:00 am - Walk the dog

2:00 pm - Lunch with Olivia
Back to Clock

6:00 pm - Stroll in the park

8:00 pm - Reunion at school

Add New Alarm ‘ 09:35 pm - Walk the dog

Figure 69: The Alarm Clock Application: Daily alarm overview showing the newly added alarm
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Figure 69 displays the daily alarm overview screen showing the newly added alarm.
The alarm is selected which is displayed by changing the alarm message foreground

and background color.

Delete Alarm

Are you sure you want fo delete the alarm

"Walk the dog"
that had been scheduled for

09:35 pm

Figure 70: The Alarm Clock Application: Confirmation for deleting an existing alarm

Figure 70 displays the confirmation dialogue when the user is about to delete an
existing alarm. The dialogue contains the time and the assigned message of the alarm
that is going to be deleted. The user can acknowledge the deletion or press “Cancel”
to return to the previous dialogue showing the alarms overview. The robot uses the
speech synthesis modality for redundancy purposes to verbally convey the same
information to the user. The speech recognition modality stays disabled while the

robot is talking to prevent false positive recognitions of the speech recognition engine.
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Alarm Deleted

The alarm

"Walk the dog”
that had been scheduled for

09:35 pm

Figure 71: The Alarm Clock Application: Alarm deletion notification

Figure 71 displays the deletion notification when the user deletes an alarm. Similarly
to the deletion confirmation dialogue, the deletion notification dialogue contains the
time and the message that was assigned to the alarm that has just been deleted. The
robot uses to speech synthesis modality to deliver auditory feedback to the user for
redundancy purposes while the speech recognition modality remains deactivated
throughout the speech synthesis delivery. Finally the deletion notification is

automatically dismissed by the robot when the speech interaction is completed.
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Alarm Elapsed

The time is

09:21 pm

Figure 72: The Alarm Clock Application: Alarm elapsed notification

Figure 72 displays the elapsed alarm screen. When a specified alarm time matches
with the time of the system, the alarm is marked as elapsed and the elapsed alarm
confirmation dialogue is displayed to the user. The user has the option to either
acknowledge the elapsing of the alarm in which case the alarm is considered as
dismissed and it is removed from the list of daily alarms, or chose to snooze the alarm

which leads to the next figure.
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Alarm Snoozed

The alarm
that had been scheduled for

09:24 pm

has been snoozed for ten minutes!

Figure 73: The Alarm Clock Application: Alarm snooze notification

Figure 73 displays the alarm snoozed notification dialogue that informs the user that
the elapsed alarm has been snoozed for ten minutes. Similarly to the alarm deleted
notification dialogue, the alarm snoozed notification dialogue contains the original
time of the alarm and the potential assigned message. The robot uses the speech
synthesis modality to provide additional auditory feedback to the user, whereas the
notification dialogue is automatically dismissed when the robot finishes talking to the
user. The speech recognition modality remains inactive during the whole speech

synthesis process.
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7.2 The TV Control Application.

7.2.1 Preliminary low fidelity paper based prototyping
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Figure 74: Preliminary low fidelity paper based prototyping regarding the design of the TV control application

The TV control application was developed mainly to showcase the FIRMA framework’s
capabilities regarding the inherent support of the FAmMINE ambient intelligence
network environment. In this scope, an application was developed that offers to the
users the functionality to remotely control any TV inside the house by exploiting the
functionality exposed by an ambient intelligence service running in the environment.
Figure 74 shows the preliminary design on paper regarding the TV control application.

From this prototyping effort, the final design of the application was selected.

7.2.2 Implementation

After the preliminary paper based low fidelity prototyping regarding the TV control
application, the selected designs drove the implementation of the selected
functionality. To this end, a TV control service was developed that offers the
functionality to remotely control a TV in the context of switching it on and off,
controlling the level of the TV's volume as well as controlling and changing the

respectively selected TV channel. This functionality was exposed through the means
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of a CORBA service in the context of a FAmINE service that the application

transparently uses to control the TV.

NavigatorWindow - olEl

Please click on a tile

-\ -
Schedule . =
Management Cooking Aid
. - S\ : “
The Weather Services
Helper

Figure 75: The main menu hosted inside a differently styled Ul Navigator window.

Figure 75 shows the main menu of the robot being hosted into a differently styled Ul
Navigator window to demonstrate the unlimited styling options that the FIRMA
framework has, based on the cascading style sheets approach. Coloring and styling

schemes can be easily added and incorporated into the framework.
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NavigatorWindow Tt

Please click on a tile

Doors

Figure 76: The Home Control submenu of the main menu application regarding the control of different devices
in the surrounding environment.

Figure 76 shows the home control submenu of the main menu application containing
the items that trigger the respective applications regarding the control of various
home aspects such as the TVs, the lights and the doors of the house while Figure 77
shows the televisions screen of the TV application containing all the televisions around
the house. The user can select the desired TV in order to navigate to the TV control

screen.
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| Navigatorwindow

.i Please click on a tile

Panasonic 48",
The main TV of
the bedroom.

' Samsung 32",
The main TV of
the living room.

|®
Figure 77: The televisions screen of the TV control application
_i" Navigatorwindow - oIiEl
i Press the buttons to change the Channel, the Volume or turn the TV On and Off
Volume Channel
41 Samsung 32" Jq
20 ' The main TV of the living room. 2
—_— The TV is currently: On
== | Fu
@

Figure 78: The TV control application
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Figure 79: FAMINE service exposing the functionality for remotely controlling a TV

Figure 78 shows the TV control dialogue of the TV control application. When the user

selects the TV that he/she wants to control, the TV control dialogue appears that gives

the users the functionality for remotely controlling the selected TV. The user can turn

the TV on or off as well as change the level of the volume and the currently displaying

channel. By pressing the corresponding buttons, the underlying FAMINE service gets

the function calls and emits the values of the changed properties in the form of events.

These events are being captured by the Ul to refresh the currently displaying values.

The whole process is completely transparent to the programmer as demonstrated in

the previous chapter.
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module HomeRutomation {
interface TVsService {

/f Types
struct TVEntry {
string room;
string name:
string description;
ami::CctetSeq picture;
long lastChannel;
long channel;
long volume;
1s

typedef seguence<IVEntry> TV3eq:;

J/ Warizbles

readonly attribute string Serviceleacription:

// Methods
TVSeq GetRoomTVs (in string room)
TVSeq GetAl1TVs ():

vold SwitchOn [1in String room, 1n String tv);
void SwitchOff (in string room, in string tv);

void VolumeUp [in =tring room, in string twv):
void VolumeDown (in string room, in string tv):

void ChannelUp (in string room, in string tv):

void ChannelDown (in string room, in string tv):
void GoToChannel (in string room, in string tv, in long targetChannel);

longy GetChannel (in string room, in string twv);
long GetVolume (in string room, in string twv):

// Events

void TVOn (in string room, in string tv, in long channel);

void TVOEf (in string room, in string tv)

void TVChannelChange (in string room, in string tv, in long oldChannel, in long newChannsl);
void TVWolmmeChange (in string room, in string tv, in long wvolume);

Figure 80: The CORBA idl description of the sample TV service application

Figure 79 shows the TV service running on a remote machine. The service prints on
the console the respective messages every time a TV is turned on or off and every time
the volume or the channel that TV is displaying changes. The interface that the TV
service implements can be seen in the Figure 80. The service uses various types,
variables methods and events. The service is capable of delivering the properties of all
available TV sets throughout the house. As a result, the dialogue that is shown in
Figure 77 can be automatically generated using the framework’s option presenter
dialogue screen. The events that can be seen in the Figure 80 have been implemented
as shown in 5.9.1, while the calling of the respective functions has been realized using
the FAmMINE blackbox that was developed as part of the framework. Finally, methods

like the GetAllTVs() that return a sequence of custom type declared object instances
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are automatically converted into a list of dynamic type variables so that the developer
is presented with a list of dynamic objects, where each object contains the declared
parameters as properties. For example, in the case of GetAllTVs, the developer gets a
list of dynamic objects, each of which contains a property for the room name, a

property for the channel, a property for the picture etc.
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8 Summary, Discussion and Future Work

8.1 Summary and Discussion

The work conducted in the context of this thesis has addressed the creation of elderly
friendly multimodal interactive applications in the context of human robot interaction
between the users and household assistive robotic platforms deployed in ambient
intelligence environments. To this end, an in-depth study of human robot interaction
involving elderly users has been conducted, in order to acquire valuable insight about
the utility and usability that multiple interaction modalities and ambient intelligence
environments can offer. In the same context, the adaptation needs and potential of
such systems has been investigated. The acquired knowledge was extended to address
the diverse needs of the target user population and the vast heterogeneity of robotic
systems and ambient intelligence environments. In this context, the employment of
ambient intelligence environment by domestic assistive robotic platforms was
explored. The user-robot-environment triad was studied in depth to identify and
provide the means to the end of natural interaction. In this context, the proposed
work offers the tools and technologies to cover the identified needs towards bridging
the gap between elderly users, household assistive robots and ambient intelligence

environments.

The current study focuses on creating a universal solution to be used as the corner
stone for building multimodal, elderly friendly, interactive applications that target
household robots for elderly users. This thesis provides developers with the necessary
technologies, tools and building blocks for creating easy to use elderly-friendly
multimodal applications in AAL environments, with particular focus on robotic
platforms, thus increasing their level of adaptation to users’ needs, and, as a
consequence, users’ acceptance of these technologies. Using the proposed
framework, makes these applications inherently friendly to the elder users, while
adapting to their needs, the surrounding environment and the context of use. This
results in a smooth learning curve, providing increased levels of user satisfaction.

Moreover, the use of the proposed framework introduces new interaction modalities
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such as voice and gestures, enriching and simplifying the interaction experience of the
applications. The key contribution of the current work is summed up in the following

paragraphs.

8.2 Contribution of this thesis

As discussed at several points in this thesis, the scope of addressing users, domestic
robotic platforms and the ambient intelligence environment from the perspective of
interaction was a very challenging task. To achieve the goals set by this research work,
several new directions of research were exploited and existing research was
reconsidered under different perspectives. Furthermore, it was required to address
ambitious goals such as, for example, serving optimally both developers/designers
and end-users. This was challenging as developers from the programmer’s perspective
focus on fast, robust and rapid to develop frameworks paying less attention to the end
user. The burden of ensuring that good decisions are made falls in the hands of
designers. However, designers especially in SMEs have limited resources at their
disposal while in some cases they have to make bad decisions in favor of reduced
development costs. Nevertheless, the end users’ expectations and their overall
satisfaction of using the system is a major success criterion. Feeling like having our
feet in different boats, this research work contributes significantly to computer
science by allowing on the one hand to develop adaptive multimodal applications for
robotic platforms without having to mess with the mechanics of multimodality and
adaptation while on the other hand providing the best to the end users from an HRI
perspective along with ensuring the optimum cooperation and interconnection of

applications with the robotic platform itself and the smart environment hosting it.

To achieve this contribution, research was conducted in several directions. The rest of
this section summarizes the most important computer science domains were
significant contributions were produced.

Decision logic for HRI

Taking advantage of the scripting functionalities of ACTA, a general purpose finite
state machine (FSM) description language for ACTivity Analysis [139], this work

extends the runtime infrastructure of the language in order to enable the
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multimodality integration and achieve transparent and independent application state
management for concurrently active applications. Furthermore, this approach
facilitates the leveraging of the application logic to a higher level where changes can
be easily made with minimal source code meddling. The fine tuning of the applications
and the rearrangement of the application screens can be made by editing the ACTA
script which is in human readable format, hence reducing the changes in the
application source code which in turn reduces the margin for error.

Adaptation

The FIRMA framework offers a collection of ready-made controls, framework
elements and Ul dialogue sequences (in the form of adaptive component hierarchies)
that contribute to the reduction of the necessary code to build an interactive adaptive
application, hence reducing the margin for error and the required development time.
Using the FIRMA framework happens in a transparent to the developer way while the
framework itself carries out the administrative and decision making processes.
Furthermore, in contradiction to the existing research framework in the domain of
Unified User Interfaces, FIRMA radically simplifies the integration of novel controls to
the framework by relying not on polymorphic task hierarchies but on adaptive style
hierarchies thus allowing the designer/developer to only provide alternative styles for
alternative representations. Additionally, through modern designer-oriented tools
this process can also be done by designers thus totally removing developers from the
adaptation loop. Moreover, this approach achieves transparent adaptation of the
created dialogues based on the user’s needs and preferences as well as transparent
adaptivity to the context of the interaction.

Styling multimodal applications

This work supports adaptive cascading style hierarchies. This approach allows
designers/developers to develop alternative styles for their products without having
to alter the functionality and logic of the framework based applications thus
minimizing the development effort without the requirement for rebuilding application
components. Using FIRMA, offers a strategic advantage by assisting to the

development of a corporate look and feel.
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Globalization & localization
An important aspect of commercial exploitation of any product in the market is

certainly the support for adapting also to cultural characteristics of each targeted user.
While this is partially address by the adaption logic of the system it should be also
facilitated at a lexical and syntactic level. Applications created using FIRMA are
globalization compatible as the necessary tools for localizing the applications to
different languages, cultures and locales are inherently build into the framework.
Furthermore the localization files are automatically generated by the system without
the need for the developer to even be aware of their generation. The needed
appropriate adaptations to these automatically generated localization files can be
performed offline and without the need to recompile the source code of the
developed applications, thus offering the possibility for this adaptation to be done in
the premises of the resellers of the robotic platform and applications.

Inherent multimodality integration

Speech recognition and gesture recognition modalities have been inherently
incorporated into the framework and adapted to comply with the activation of the
different framework elements that were built, hence exempting the developer from
having to integrate each modality in a different way. The interaction modality
integration process has been offered as part of the framework, and the
parameterization of the modality functionality has been supported at a higher level
by means of application logic scripts written using the ACTA scripting language. This
mechanism reserves space for future extensions of the framework thus achieving
scalability ensuring that in the case of emergence of new interaction modalities the
system will scale successfully to meet new demands and new challenges.

Pervasive middleware integration

FORTH’s Ambient Intelligence Network Environment (FAMINE) has been incorporated
into the framework, allowing the robot to achieve augmented cognition through the
environment (the robot can receive events from the environment and respond
accordingly) and to adapt applications (running both on the robot and the
environment) based on dynamically changing environment factors. This approach
offers the potential to create more complex robot behaviors while offering increased

functionality that leads to higher levels of subjective user satisfaction and acceptance
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of these technologies. Furthermore the integration layer has been developed as a
plugin to the framework itself thus enabling the development of different plugins for
different middlewares in different environments (e.g. OpenloT).

ROS operating system integration

The framework provides inherent support for the Robot Operation System (ROS)
which is the standard operating system for the vast majority of existing robots and
comprises a set of software libraries and tools that help to support the robot
applications on the hardware side. This approach enables the usage of the proposed
framework for the Human-Robot interaction part on any existing and future platform
that uses ROS. The bridging of the linux side ROS operating system with the reasoning
capabilities offered by the application logic can provide the base for building
applications that take advantage of the robot’s hardware capabilities and contribute
to more complex behavioral scenarios.

HRI accessibility

This research work envisions and provides the means towards the establishment of
HRI accessibility concerning the Human-Robot Interaction field, since the
implemented approaches can be tweaked and extended to suit the needs of disabled
people as well. Such extensions can happen transparently to the FIRMA’s core
functionality requiring only the addition of controls, styles and logic.

Contribution through the European funded HORIZON 2020 project RAMCIP

This research work constitutes the primary platform for the development of the user
interfaces for the Human Robot Interaction part of the RAMCIP project (a three-year
research project funded by the European Commission under the HORIZON 2020
programme which started in January 2015 to support elderly people with Mild
Cognitive Impairment). The validity and the effectiveness of the framework will be
tested both in the lab and in real life scenarios in the pilot trials of the project which
will take place simultaneously in two different European cities over a time span of

about 6 months.
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8.3 Future work

Two main directions of further work are anticipated in a path towards supporting the
fruition of domestic assistive platforms for the elderly in Ambient Intelligence
Environments. The first is the further enrichment and development of the system into
a mature product and the second is the adaptation of the framework to cover the
needs of different user categories and impairments as well as their families” and

caregivers’.

The first direction concerns the improvement of developed infrastructure and
applications and their evolution from an in-vitro prototype to a mature software
product. Towards this end, a number of planned improvements of the application are
stemming from the conducted heuristic evaluation and the development process of
the two aforementioned application case studies. To this end, there is a number of
less critical usability errors identified using the expert based evaluation of the
applications that should be addressed together with the results that are going to be
produced by the user based evaluation. These results are important because they
represent potential issues of the end-users that have negative impact on their
experience with the system. Additionally, the integration of the proposed
architectural framework and applications in the RAMCIP robotic platform and in a
more mature (currently being equipped) simulation space within FORTH’s Aml facility
will pose several requirements in terms of integrating new sensors and automation
mechanism to the system. This is going to generate new requirements both in terms
of integrating new technology but also facilitating the input generated by this

technology for creating smarter and more adaptive system behaviours.

To this end, along with the results of the heuristic Ul evaluation, a number of
functional improvements have already been identified regarding the currently
available modalities as well as the overall system functioning in terms of performance,

offered functionality and ease of use regarding the software developers.

8.3.1 Performance improvements

Although the framework is robust, scalable and overall stable, a number of

improvements have been identified regarding the performance of the system. In this
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scope, several subcomponents of the framework will be optimized and fine-tuned to
achieve maximum performance. For example, the ACTA runtime module will be
tweaked to queue consequent ACTA-triggered function calls in order to minimize the
evaluation time per ruleset iteration. This will achieve the maximum performance
regarding the rule engine that is being used for the reasoning capabilities of the
system. Furthermore, in the context of memory optimizations, the different
applications’ dialogues are going to be tweaked to be able to provide their state and
data in a standalone detachable object that could be detached from the dialogue and
stored while the dialogue would be destroyed to release reserved resources. This
would have a positive impact on the memory footprint of the whole system without
any loss in performance since no data sacrifice would take place that would require

data regeneration.

8.3.2 Functionality improvements

In the context of functionality, a number of improvements have been identified
regarding the different available modalities. Regarding the speech recognition
modality, the speech recognition engine will be fine-tuned to be able to run analyses
on the provided user grammars, identify potentially problematic phrases and adjust
the recognition threshold at runtime based on the phrase that would be recognized.
Furthermore, the addition of a touch based gesture recognition modality to support
touch gestures such as “pinch to zoom”, “swipe to navigate”, etc. will be considered.
Finally, the provision for additional modalities will be examined. Additional modalities
will give the opportunity for even smarter behavioral models since additional user
groups will be supported. For example, the addition of a hardware switches modality,
a mouth actuators modality etc. would make it possible for users with mobility

impairments to use the system. To this end, the support for scanning between all

available display components, controls and elements will be examined as well.

Furthermore, the possibility to split the screen into multiple separate areas of usable
real estate will be examined. The potential to display more than one application status
or actions / notifications simultaneously will be explored. In this scope, this approach
will enable more than one application to be visible at a time while different
applications will be able to ask for different parts of the screen to display meaningful
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information. For example, the screen will be able to display the status of the current
robot action as well as the next action which is going to execute or display content
from different applications such as the time (from the clock application) and the TV
control dialogue (from the TV automation application). Finally, this approach will be
closely examined with elderly end-users in order to evaluate and validate its feasibility
potential in terms of acceptance, since the golden mean between providing an
efficient and usable system and displaying too little or too much information must be

struck.

8.3.3 Developer ease of use improvements

Last but not least, a number of improvements regarding the developers that will use
the FIRMA framework to build multimodal adaptable and adaptive elderly friendly
applications will be provided. The necessary Visual Studio automation projects and
class types are going to be provided in order for the framework to be fully integrated
into the Visual Studio IDE. Developers will be able to select the correct type of projects
and include the correct type of user controls into their applications that already
incorporate the framework’s design styles. Furthermore, the provision of a standalone
SRGS editor for developing speech recognition grammars and fine tuning or
translating already existing ones will be examined. Moreover, a standalone tool for
managing the automatically generated translation files of the application will be
examined as well. Additionally, the implementation of a strictly formed
communication protocol between the ROS operating system and services offered by
the ambient intelligence environment will have positive impact by providing formal
communication and defining functionalities that are independent of their respective
implementations, which allows definitions and implementations to vary without
compromising the underlying interface. Finally, base classes provided in the
framework will be tweaked to be made responsible for taking the latest ACTA script
and transcribing into an XML rules file that can be used directly by the application for
reasoning purposes in order to eliminate synchronization issues or the need to keep

additional rule files.

All the aforementioned improvements and additions will create new possibilities
regarding the adaptation and the adoption of the FIRMA framework. This future work
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will open new horizons to the fruition of assistive robots in ambient intelligence
environments. The FIRMA framework will become an even more complete universal
solution that will be suitable to be used as the corner stone for building multimodal,
elderly friendly, interactive applications that target household robots for a diverse
target population. Different user groups can be targeted and the framework will be
capable of adapting to their special needs, impairments, disabilities and requirements
as well as to the families and relatives of the primary users. The presented framework
is going to be used in the context of the European funded Horizon 2020 RAMCIP
project that targets elderly users with mild cognitive impairment as well as users who
are on the first stage of agnostic dementia. This is going to be an invaluable lesson
towards additional functionality necessities, improvements and future work that will

have a significant impact on the maturity of the presented work.
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Parts of the current thesis have been submitted to international conferences and
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Kazepis N., Antona M., Stephanides C. (2015, submitted) “FIRMA: A
Development Framework for Elderly-Friendly Interactive Multimodal
Applications for Assistive Robots”, Ninth International Conference on
Advances in Computer-Human Interaction, ACHI 2016, April 24 - 28, 2016 -
Venice, Italy

Kazepis N., Antona M., Stephanides C, (2015, submitted) Employing pervasive
middlewares to achieve augmented context-awareness of robotic assistants in
intelligent environments, Journal of Ambient Intelligence and Smart

Environments (JAISE), 10S Press
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Appendix | — The Alarm Clock Application:
ACTA script

when(IsShowing == true)
{
ActivateTimer();
}
when(IsShowing == false)
{
DeactivateTimer();
}
when(SpeechRecognized == "GLOBALASKEDFORTIME")
CheckIfInsideTimeSelection();
Reason = "GLOBALASKEDFORTIME";
NextState = "ClockScreen";
}
when(SpeechRecognized == "GLOBALASKEDFORALARMS")
CheckIfInsideTimeSelection();
Reason = "GLOBALASKEDFORALARMS";
NextState = "AlarmsScreen";
}
when(SpeechRecognized == "GLOBALSETUPALARM")
CheckIfInsideTimeSelection();
NextState = "AddNewAlarm";
}
State "ClockScreen"
{
ShowScreen("ClockScreen");
when(Reason == "GLOBALASKEDFORTIME")
{
SpeakTime();
Reason = "";
}
when(ButtonPressed == "Alarms")
{
NextState = "AlarmsScreen";
}
}
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State "AlarmsScreen"

{
ShowScreen("AlarmsScreen");
when(Reason == "GLOBALASKEDFORALARMS")
{
CheckAndSpeakAccordingly();
Reason = "";
}
when(ButtonPressed == "Add")
{
NextState = "AddNewAlarm";
}
when(ButtonPressed == "Delete")
{
NextState = "DeleteAlarm";
}
when(ButtonPressed == "GoBack")
{
NextState = "ClockScreen";
}
}
State "AddNewAlarm"
{
ShowScreen("AddNewAlarm");
when(ButtonPressed == "TIME_SELECTION")
{
NextState = InitiateTimeSelection();
}
when(ButtonPressed == "BUTTON_POSITIVE")
{
AddNewAlarm();
NextState = "AlarmAdded”;
}
when(ButtonPressed == "BUTTON_NEGATIVE")
{
NextState = "AlarmsScreen";
}
}
State "DeleteAlarm"
{
ShowScreen("DeleteAlarm");
when(ButtonPressed == "BUTTON_POSITIVE")
{
DeleteAlarm();
NextState = "AlarmDeleted";
}
when(ButtonPressed == "BUTTON_NEGATIVE")
{
NextState = "AlarmsScreen";
}
}
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State "AlarmAdded”

ShowScreen("AlarmAdded");
when(Time == 4)

{
NextState = "AlarmsScreen";
}
}
State "AlarmDeleted"
{
ShowScreen("AlarmDeleted");
when(Time == 4)
{
SelectedAlarm = null;
NextState = "AlarmsScreen";
}
}
State "AlarmElapsed"
{
ShowScreen("AlarmElapsed");
ReturnState = PreviousState;
when(ButtonPressed == "BUTTON_POSITIVE")
{
DeleteAlarm();
NextState = ReturnState;
}
when(ButtonPressed == "BUTTON_NEGATIVE")
{
NextState = "AlarmSnoozed";
}
}
State "AlarmSnoozed"
{
ShowScreen("AlarmSnoozed");
SnoozeAlarm();
when(Time == 5)
{
NextState = ReturnState;
}
}
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Appendix Il — The Alarm Clock Application:
SRGS Grammar

<?xml version="1.0"?>
<grammar xmlns:xsi=http://www.w3.org/2001/XMLSchema-instance
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" root="main" xml:lang="en-US"
tag-format="semantics-ms/1.8" version="1.8"
xmlns="http://www.w3.0rg/2001/06/grammar" >
<rule id="main">
<one-of>
<item>
<ruleref uri="#time" />
<tag>$.Result="GLOBAL_ASKED_FOR_TIME";</tag>
</item>
<item>
<ruleref uri="#alarms" />
<tag>$.Result = "GLOBAL_ASKED_FOR_ALARMS"; $.ShouldRespond
= $alarms.ShouldRespond;</tag>
</item>
<item>
<ruleref uri="#alarmsetup" />
<tag>$.Result = "GLOBAL_ALARM_SETUP"; $.Hours =
$alarmsetup.Hours; $.Mins = $alarmsetup.Mins; $.AMPM = $alarmsetup.AMPM;
</tag>

</item>
</one-of>
</rule>

<rule id="time">
<one-of>
<item>What time is it?</item>
<item>What's the time?</item>

<item>
<item repeat="@-1">Could you please tell me </item>
<one-of>
<item>what's the time?</item>
<item>what time it is?</item>
<item>the time?</item>
</one-of>
</item>
</one-of>
</rule>

<rule id="alarms">
<one-of>
<item>
What's on schedule for today?<tag>$.ShouldRespond =
1;</tag>
</item>
<item>
What are my alarms?<tag>$.ShouldRespond = 1;</tag>
</item>
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<item>
Show me my alarms<tag>$.ShouldRespond = @;</tag>
</item>
</one-of>
</rule>
<rule id="alarmsetup">
<item>
Set up an alarm for
</item>
<item>
<ruleref uri="#fulltime" />
<tag>$.Hours = $fulltime.Hours; $.Mins = $fulltime.Mins; $.AMPM
= $fulltime.AMPM;</tag>
</item>
</rule>

<rule id="fulltime">
<item>
<one-of>
<item>
<ruleref uri="#numbers" />
<tag> $.Hours = $numbers.Number; </tag>
</item>
<item>
Ten<tag>$.Hours = 1@;</tag>
</item>
<item>
Eleven<tag>$.Hours = 11;</tag>
</item>
<item>
Twelve<tag>$.Hours = 12;</tag>
</item>
</one-of>
</item>
<item>
<ruleref uri="#minutes" />
<tag>$.Mins = $minutes.Mins;</tag>
</item>
<item>
<ruleref uri="#ampm" />
<tag>$.AMPM = $ampm.AMPM;</tag>
</item>
</rule>

<rule id="ampm">
<one-of>
<item>
A.M.<tag>$.AMPM = "AM";</tag>
</item>
<item>
P.M.<tag>$.AMPM
</item>
</one-of>
</rule>

"PM";</tag>
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<rule id="minutes">
<one-of>

<item>

<item repeat="0-1">
zero

</item>
<ruleref uri="#numbers" />
<tag>$.Mins = $numbers.Number;</tag>

</item>

<item>
<ruleref uri="#minuteteens" />
<tag>$.Mins = $minuteteens.Number;</tag>

</item>
<item>
<item>
<ruleref uri="#minutetens" />
<tag>$.Mins = $minutetens.Number;</tag>
</item>
<item>
<ruleref uri="#numbers" />
<tag>$.Mins = $.Mins * 10 + $numbers.Number;</tag>
</item>
</item>
</one-of>
</rule>

<rule id="numbers">
<one-of>

<item>
One<tag>$.Number

</item>

<item>
Two<tag>$.Number

</item>

<item>
Three<tag>$.Number=3;</tag>

</item>

<item>
Four<tag>$.Number=4;</tag>

</item>

<item>
Five<tag>$.Number=5;</tag>

</item>

<item>
Six<tag>$.Number=6;</tag>

</item>

<item>
Seven<tag>$.Number=7;</tag>

</item>

<item>
Eight<tag>$.Number=8;</tag>

</item>

<item>
Nine<tag>$.Number=9;</tag>

</item>

</one-of>
</rule>

1;</tag>

2;</tag>
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<rule id="minuteteens">
<one-of>

<item>
Ten<tag>$.Number=10;</tag>

</item>

<item>
Eleven<tag>$.Number=11;</tag>

</item>

<item>
Twelve<tag>$.Number=12;</tag>

</item>

<item>
Thirteen<tag>$.Number=13;</tag>

</item>

<item>
Fourteen<tag>$.Number=14;</tag>

</item>

<item>
Fifteen<tag>$.Number=15;</tag>

</item>

<item>
Sixteen<tag>$.Number=16;</tag>

</item>

<item>
Seventeen<tag>$.Number=17;</tag>

</item>

<item>
Eighteen<tag>$.Number=18;</tag>

</item>

<item>
Nineteen<tag>$.Number=19;</tag>

</item>

</one-of>
</rule>

<rule id="minutetens">
<one-of>
<item>
Twenty<tag>$.Number=2;</tag>
</item>
<item>
Thirty<tag>$.Number=3;</tag>
</item>
<item>
Fourty<tag>$.Number=4;</tag>
</item>
<item>
Fifty<tag>$.Number=5;</tag>
</item>
</one-of>
</rule>
</grammar>
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Appendix Il — The Main Menu Application:
ACTA script

when(SpeechRecognized == "SHOW_MENU")
{
NextState = "MainMenu";
}
State "MainMenu"
{
ShowScreen("Menu");
when(
(ButtonPressed == "NEXT" || SpeechRecognized == "NEXT_PAGE") &&
CanGoNext
)
{
CurrentScreen = CurrentScreen + 1;
ShowScreen("Menu");
}
when(
(ButtonPressed == "PREV" || SpeechRecognized == "PREVIOUS_PAGE") &&
CanGoBack
)
{
CurrentScreen--;
ShowScreen("Menu");
}
}
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Appendix IV — The Time Selection
ACTA script

State "TimeSelectionNovlHours"

{
ShowScreen("TimeSelectionNovlHours");
when(ButtonPressed == "BUTTON POSITIVE")

{
}

when(ButtonPressed == "BUTTON NEGATIVE")

{

NextState = "TimeSelectionNov2Mins";

TimeSelectionCompleted();
NextState = AbortState;

}

State "TimeSelectionNov2Mins"

{

ShowScreen("TimeSelectionNov2Mins");
when(ButtonPressed == "BUTTON POSITIVE")

{
}
when(ButtonPressed == "BUTTON NEGATIVE")

{
}

NextState = "TimeSelectionNov3AMPM";

NextState = "TimeSelectionNovlHours";

}

State "TimeSelectionNov3AMPM"
{
ShowScreen("TimeSelectionNov3AMPM");
when(ButtonPressed == “BUTTON_POSITIVE")
{
TimeSelectionCompleted();
NextState = ReturnState;

}

when(ButtonPressed == "BUTTON NEGATIVE")

{
}

NextState = "TimeSelectionNov2Mins";

}

State "TimeSelectionAvglHours"

{

ShowScreen("TimeSelectionAvglHours");
when(ButtonPressed == "BUTTON POSITIVE")

{
}

when(ButtonPressed == "BUTTON NEGATIVE")

NextState = "TimeSelectionAvg2Mins";
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TimeSelectionCompleted();
NextState = AbortState;

State "TimeSelectionAvg2Mins"

{

ShowScreen("TimeSelectionAvg2Mins");
when(ButtonPressed == "BUTTON POSITIVE")

{
}
when(ButtonPressed == "BUTTON NEGATIVE")

{
}

NextState = "TimeSelectionAvg3AMPM";

NextState = "TimeSelectionAvglHours";

}

State "TimeSelectionAvg3AMPM"

{

ShowScreen("TimeSelectionAvg3AMPM");
when(ButtonPressed == "BUTTON POSITIVE")

{
TimeSelectionCompleted();

NextState = ReturnState;

}

when(ButtonPressed == "BUTTON NEGATIVE")

{
}

NextState = "TimeSelectionAvg2Mins";

}

State "TimeSelectionExpAllInOne"
{
ShowScreen("TimeSelectionExpAllInOne");
when(ButtonPressed == "BUTTON POSITIVE")
{
TimeSelectionCompleted();
NextState = ReturnState;

}

when(ButtonPressed == "BUTTON NEGATIVE")

{
TimeSelectionCompleted();

NextState = AbortState;
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Appendix V — A sample from the developed

adaptive style hierarchies

<ResourceDictionary
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

xmlns:d="http://schemas.microsoft.com/expression/interactivedesigner/2006"
xmlns:mc="http://schemas.openxmlformats.org/markup-
compatibility/2606"

xmlns:sys="clr-namespace:System;assembly=mscorlib”
mc:Ignorable="d"
xmlns:awe="clr-
namespace:CustomCodeUtils.AwesomeAttachedProperties;assembly=CustomCodeUtils"
xmlns:bhv="clr-namespace:CustomCodeUtils;assembly=CustomCodeUtils
xmlns:conv="clr-
namespace:CustomCodeUtils.Converters;assembly=CustomCodeUtils"
>

Ll

<!-- THESE ARE OVERRIDDEN AT RUNTIME -->
<sys:Double x:Key="ButtonWidth">192.8</sys:Double>
<sys:Double x:Key="ButtonHeight">128.8</sys:Double>

<sys:Double x:Key="HalfButtonWidth">96.0</sys:Double>
<sys:Double x:Key="HalfButtonHeight">64.0</sys:Double>

<sys:Double
<sys:Double
<sys:Double
<sys:Double
<sys:Double
<sys:Double

:Key="KeyboardNormalButtonWidth">100.8</sys:Double>
:Key="KeyboardNormalButtonHeight">84.08</sys:Double>
:Key="KeyboardShiftButtonWidth">200.08</sys:Double>
:Key="KeyboardGRIntonationButtonWidth">204.0</sys:Double>
:Key="KeyboardCapsLockButtonWidth">150.0</sys:Double>
:Key="KeyboardSpacebarButtonWidth">308.0</sys:Double>

<sys:Double x:Key="KeyboardWidth">988.0</sys:Double>
<sys:Double x:Key="KeyboardHeight">310.0</sys:Double>

<Thickness x:Key="KeyboardButtonMargin">1@, 5</Thickness>
<sys:Double x:Key="TextBlockFontSize">32.0</sys:Double>

<SolidColorBrush Color="AliceBlue" x:Key="FrameworkUCsBackground"/>
<SolidColorBrush Color="LightSkyBlue" x:Key="FrameworkUCsBorderBrush"/>

<SolidColorBrush Color="Gray" x:Key="DisabledButtonForeground"/>
<SolidColorBrush Color="LightGray" x:Key="DisabledButtonBackground"/>
<SolidColorBrush Color="White" x:Key="ButtonForeground"/>

<SolidColorBrush Color="CornflowerBlue" x:Key="ButtonBackground"/>
<SolidColorBrush Color="DeepSkyBlue" x:Key="ButtonBackgroundIsMouseOver"/>
<SolidColorBrush Color="DarkBlue" x:Key="ButtonBackgroundIsPressed"/>

<SolidColorBrush Color="AliceBlue" x:Key="DarkerBg"/>
<SolidColorBrush Color="SkyBlue" x:Key="MainMenuStripeBackground"/>

<LinearGradientBrush x:Key="NormalBorderBrush" EndPoint="@,1" StartPoint="@,0">
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<GradientStop Color="DodgerBlue" Offset="0.0"/>
<GradientStop Color="SkyBlue" Offset="@.5"/>
<GradientStop Color="DodgerBlue" Offset="1.0"/>
</LinearGradientBrush>

<!-- /THESE ARE OVERRIDDEN AT RUNTIME -->

<!-- Brushes : These are used to define the color for background, foreground,
selection, enabled etc of all controls

If you want to change the color of a control you can just chnage the brush; if you
want to add a new shape or change arrangement then also edit the template -->

<!-- NormalBrush is used as the Background for SimpleButton, SimpleRepeatButton --
>
<LinearGradientBrush x:Key="NormalBrush" EndPoint="@,1" StartPoint="@,0">
<GradientStop Color="#EEE" Offset="0.08"/>
<GradientStop Color="#CCC" Offset="1.0"/>
</LinearGradientBrush>

<!-- LightBrush is used for content areas such as Menu, Tab Control background -->
<LinearGradientBrush x:Key="LightBrush" EndPoint="@,1" StartPoint="@,0">
<GradientStop Color="#FFF" Offset="0.0"/>
<GradientStop Color="#EEE" Offset="1.8"/>
</LinearGradientBrush>

<!-- MouseOverBrush is used for MouseOver in Button, Radio Button, CheckBox -->
<LinearGradientBrush x:Key="MouseOverBrush" EndPoint="@,1" StartPoint="@,0">
<GradientStop Color="#FFF" Offset="0.0"/>
<GradientStop Color="#AAA" Offset="1.08"/>
</LinearGradientBrush>

<!-- PressedBrush is used for Pressed in Button, Radio Button, CheckBox -->
<LinearGradientBrush x:Key="PressedBrush" EndPoint="@,1" StartPoint="©,0">
<GradientStop Color="#BBB" Offset="0.0"/>
<GradientStop Color="#EEE" Offset="0.1"/>
<GradientStop Color="#EEE" Offset="0.9"/>
<GradientStop Color="#FFF" Offset="1.8"/>
</LinearGradientBrush>
<LinearGradientBrush x:Key="PressedBorderBrush" EndPoint="@,1" StartPoint="@,0">
<GradientStop Color="#444" Offset="0.0"/>
<GradientStop Color="#888" Offset="1.08"/>
</LinearGradientBrush>

<!-- SelectedBackgroundBrush is used for the Selected item in ListBoxItem,
ComboBoxItem-->

<SolidColorBrush x:Key="SelectedBackgroundBrush" Color="#DDD"/>

<!-- Disabled Brushes are used for the Disabled look of each control -->
<SolidColorBrush x:Key="DisabledForegroundBrush" Color="#888"/>
<SolidColorBrush x:Key="DisabledBackgroundBrush" Color="#EEE"/>
<SolidColorBrush x:Key="DisabledBorderBrush" Color="#AAA"/>

<!-- Used for background of ScrollViewer, TreeView, ListBox, Expander, TextBox,
Tab Control -->
<SolidColorBrush x:Key="WindowBackgroundBrush" Color="#FFF"/>

<!-- DefaultedBorderBrush is used to show KeyBoardFocus -->

<LinearGradientBrush x:Key="DefaultedBorderBrush" EndPoint="@,1" StartPoint="@,0">
<GradientStop Color="#777" Offset="0.0"/>

321



Appendix V

<GradientStop Color="#@00" Offset="1.0"/>
</LinearGradientBrush>

<SolidColorBrush x:Key="SolidBorderBrush" Color="#888"/>
<SolidColorBrush x:Key="LightBorderBrush" Color="#AAA"/>
<SolidColorBrush x:Key="LightColorBrush" Color="#DDD"/>

<!-- Used for Checkmark, Radio button, TreeViewItem, Expander ToggleButton glyphs
-->
<SolidColorBrush x:Key="GlyphBrush" Color="#444"/>

<!-- Style and Template pairs are used to define each control Part -->
<!-- The Style provides default values on the control; the Template gives the
elements for each control -->

<!-- SimpleButtonFocusVisual is used to show keyboard focus around a SimpleButton
control -->
<Style x:Key="SimpleButtonFocusVisual">

<Setter Property="Control.Template">

<Setter.Value>
<ControlTemplate>
<Border>
<Rectangle Margin="2" Stroke="#60000000" StrokeThickness="1"

StrokeDashArray="1 2"/>

</Border>
</ControlTemplate>
</Setter.Value>
</Setter>
</Style>
<!-- Simple Button - This control sets brushes on each state. Note that these

brushes must be listed above since they are static resources -->
<Style x:Key="SimpleButton" BasedOn="{x:Null}">

<Setter Property="Control.FocusVisualStyle" Value="{DynamicResource
SimpleButtonFocusVisual}"/>

<Setter Property="Control.Background" Value="{DynamicResource NormalBrush}"/>

<Setter Property="Control.BorderBrush" Value="{DynamicResource
NormalBorderBrush}"/>

<Setter Property="Control.Template">

<Setter.Value>
<ControlTemplate TargetType="{x:Type ButtonBase}">

<!-- We use Grid as a root because it is easy to add more elements
to customize the button -->
<Grid x:Name="Grid">
<Border x:Name="Border"

Background="{TemplateBinding Background}"
BorderBrush="{TemplateBinding BorderBrush}"
BorderThickness="{TemplateBinding BorderThickness}"
Padding="{TemplateBinding Padding}"
CornerRadius="5"/>

<!-- Content Presenter is where the text content etc is placed
by the control -->

<!-- The bindings are useful so that the control can be
parameterized without editing the template -->
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<ContentPresenter HorizontalAlignment="{TemplateBinding
HorizontalContentAlignment}"
Margin="{TemplateBinding Padding}"
VerticalAlignment="{TemplateBinding
VerticalContentAlignment}"
RecognizesAccessKey="True" />
</Grid>
</ControlTemplate>
</Setter.Value>
</Setter>
</Style>

<!-- This BitmapEffect is used by the Simple MenuItem -->
<DropShadowBitmapEffect x:Key="PopupDropShadow" ShadowDepth="1.5"
Softness="0.15"/>

<conv:TextToVisibilityConverter x:Key="myTextToVisibilityConverter"/>

<BitmapImage x:Key="DefaultImage"
UriSource="pack://application:,,, /ApplicationsFramework;component/Images/genericic

on.png" />

<Style x:Key="TileButton" TargetType="{x:Type Button}" BasedOn="{StaticResource
SimpleButton}">
<Setter Property="Background" Value="{DynamicResource ButtonBackground}" />
<Setter Property="Foreground" Value="{DynamicResource ButtonForeground}"/>
<Setter Property="Width" Value="{DynamicResource ButtonWidth}"/>
<Setter Property="Height" Value="{DynamicResource ButtonHeight}"/>

<Setter Property="FontSize" Value="{DynamicResource TextBlockFontSize}" />
<Setter Property="Margin" Value="10"/>
<Setter Property="ContentTemplate">
<Setter.Value>
<DataTemplate>
<Grid>
<Grid.RowDefinitions>
<RowDefinition Height="#*"/>
<RowDefinition Height="auto"/>
</Grid.RowDefinitions>
<Image Grid.Row="@" Grid.RowSpan="2"
VerticalAlignment="Bottom"
Margin="5"
Source="{Binding Path=(awe:ButtonEyeCandy.Image),
RelativeSource={RelativeSource FindAncestor,
AncestorType={x:Type Button}},
FallbackValue={StaticResource DefaultImage}}"

bhv:GrayOutOnDisabledImageBehavior.GrayOutOnDisabled="True"
IsEnabled="{Binding Path=IsEnabled,
RelativeSource={RelativeSource
FindAncestor,
AncestorType={x:Type Button}},
FallbackValue=True}" />
<Border Grid.Row="1"
Background="{DynamicResource
ButtonBackgroundIsPressed}"
Width="{Binding Path=ActualWidth,
RelativeSource={RelativeSource
FindAncestor,
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AncestorType={x:Type Button}}}"
Height="{Binding ElementName=ContentText,
Path=ActualHeight}"
Opacity=".4"
Visibility="{Binding ElementName=ContentText,
Path=Text, Converter={StaticResource myTextToVisibilityConverter}}"/>
<TextBlock Grid.Row="1"
x :Name="ContentText" Text="{TemplateBinding
Content}"
VerticalAlignment="Bottom"
HorizontalAlignment="Stretch"
TextAlignment="Center"
TextTrimming="CharacterEllipsis"
TextWrapping="Wrap"
Visibility="{Binding Path=Text,
Converter={StaticResource myTextToVisibilityConverter}}"/>
</Grid>
</DataTemplate>
</Setter.Value>
</Setter>
<Style.Triggers>
<Trigger Property="IsMouseOver" Value="True">
<Setter Property="Background" Value="{DynamicResource
ButtonBackgroundIsMouseOver}"/>
</Trigger>
<Trigger Property="IsPressed" Value="True">
<Setter Property="Background" Value="{DynamicResource
ButtonBackgroundIsPressed}"/>
</Trigger>
<Trigger Property="IsEnabled" Value="False">
<Setter Property="Background" Value="{DynamicResource
DisabledButtonBackground}"/>
<Setter Property="Foreground" Value="{DynamicResource
DisabledButtonForeground}"/>
</Trigger>
</Style.Triggers>
</Style>

<Style x:Key="HalfTileButton" TargetType="{x:Type Button}"
BasedOn="{StaticResource TileButton}">
<Setter Property="Width" Value="{DynamicResource HalfButtonWidth}"/>
<Setter Property="Height" Value="{DynamicResource HalfButtonHeight}"/>
</Style>

<Style x:Key="FrameworkUCs" TargetType="{x:Type UserControl}">
<Setter Property="Background" Value="{DynamicResource
FrameworkUCsBackground}"/>
<Setter Property="BorderBrush" Value="{DynamicResource
FrameworkUCsBorderBrush}"/>
<Setter Property="BorderThickness" Value="1"/>
<Setter Property="MaxWidth" Value="1024"/>
<Setter Property="MaxHeight" Value="720"/>
<Setter Property="Effect">
<Setter.Value>
<DropShadowEffect Color="Gray" Opacity="©.2" />
</Setter.Value>
</Setter>
</Style>
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<Style x:Key="FrameworkKeyboardUC" TargetType="{x:Type UserControl}"
BasedOn="{StaticResource FrameworkUCs}">

<Setter Property="MaxWidth" Value="14@0"/>

<Setter Property="MaxHeight" Value="720"/>
</Style>

<Style TargetType="{x:Type TextBlock}">
<Setter Property="TextWrapping" Value="WrapWithOverflow"/>
<Setter Property="TextAlignment" Value="Center"/>
<Setter Property="FontSize" Value="{DynamicResource TextBlockFontSize}"/>
<Setter Property="VerticalAlignment" Value="Center"/>
</Style>

<Style TargetType="{x:Type TextBox}">
<Setter Property="FontSize" Value="{DynamicResource TextBlockFontSize}"/>
</Style>

<Style TargetType="{x:Type ComboBox}">
<Setter Property="FontSize" Value="{DynamicResource TextBlockFontSize}"/>
</Style>

<Style x:Key="AlwaysSquareButton" BasedOn="{StaticResource SimpleButton}">
<Setter Property="Control.MinWidth" Value="{Binding ActualHeight,
RelativeSource={RelativeSource Self}}" />
<Setter Property="Control.MinHeight" Value="{Binding ActualWidth,
RelativeSource={RelativeSource Self}}" />
</Style>

<Style x:Key="SizelessCustomNormalButton" BasedOn="{StaticResource SimpleButton}">
<Setter Property="Control.FontSize" Value="{DynamicResource
TextBlockFontSize}" />
<Setter Property="Control.Margin" Value="10"/>

<Setter Property="Control.Background" Value="{DynamicResource
ButtonBackground}" />
<Setter Property="Control.Foreground" Value="{DynamicResource
ButtonForeground}"/>
<Style.Triggers>
<Trigger Property="Control.IsMouseOver" Value="True">
<Setter Property="Control.Background" Value="{DynamicResource
ButtonBackgroundIsMouseOver}"/>
</Trigger>
<Trigger Property="Button.IsPressed" Value="True">
<Setter Property="Control.Background" Value="{DynamicResource
ButtonBackgroundIsPressed}"/>
</Trigger>
<Trigger Property="ToggleButton.IsChecked" Value="true">
<Setter Property="Control.Background" Value="{DynamicResource
ButtonBackgroundIsPressed}"/>
</Trigger>
<Trigger Property="Control.IsEnabled" Value="False">
<Setter Property="Control.Background" Value="{DynamicResource
DisabledButtonBackground}"/>
<Setter Property="Control.Foreground" Value="{DynamicResource
DisabledButtonForeground}"/>
</Trigger>
</Style.Triggers>

</Style>
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<Style x:Key="CustomNormalButton" BasedOn="{StaticResource
SizelessCustomNormalButton}">
<Setter Property="Control.Width" Value="{DynamicResource ButtonWidth}"/>
<Setter Property="Control.Height" Value="{DynamicResource ButtonHeight}"/>
</Style>

<Style x:Key="SquareNormalButton" BasedOn="{StaticResource CustomNormalButton}">
<Setter Property="Control.Width" Value="{DynamicResource SquareButtonDim}"/>
<Setter Property="Control.Height" Value="{DynamicResource SquareButtonDim}"/>
</Style>

<Style x:Key="CustomNormalButton128" BasedOn="{StaticResource CustomNormalButton}"
>

<Setter Property="Control.Width" Value="{DynamicResource ButtonHeight}"/>
</Style>

<!-- Keyboard Buttons -->
<Style x:Key="KeyboardNormalButton" BasedOn="{StaticResource
SizelessCustomNormalButton}" TargetType="{x:Type Button}">

<Setter Property="Margin" Value="{DynamicResource KeyboardButtonMargin}"/>
</Style>
</ResourceDictionary>
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Appendix VI — The IBM Computer Usability

Satisfaction Questionnaires

The After-Scenario Questionnaire (ASQ)

The participant should fill-in this questionnaire after each scenario. For each of the statements below,
circle the rating of your choice.

1. Overall, | am satisfied with the ease of completing the tasks in the scenario.

Strongly agree " strongly disagree N/A
1 7

Comments:

2. Overall, | am satisfied with the amount of time it took to complete the tasks in this scenario.

Strongly agree strongly disagree N/A
1 7

Comments:

3. Overall, | am satisfied with the support information (messages, documentation) when
completing the tasks.

Strongly agree * strongly disagree N/A
1 7

Comments:
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The Computer System Usability Questionnaire (CSUQ)

The participant should fill-in this questionnaire once at the end of the evaluation (i.e. when all scenarios
have been completed). For each of the statements below, circle the rating of your choice. The term
“system” corresponds to the FIRMA framework.

1. Overall, | am satisfied with how easy it is to use this system.

Strongly agree strongly disagree N/A
1 7

Comments:

2. ltis simple to use this system.

Strongly agree v strongly disagree N/A
1 7

Comments:

3. | can effectively complete my work using this system.

Strongly agree " strongly disagree N/A
1 7

Comments:
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4. | am able to complete my work quickly using this system.

Strongly agree strongly disagree N/A
1 7

Comments:

5. 1 am able to efficiently complete my work using this system.

Strongly agree strongly disagree N/A
1 7

Comments:

6. | feel comfortable using this system.

Strongly agree strongly disagree N/A
1 2 3 4 5 6 7

Comments:

7. It was easy to learn to use this system.

Strongly agree strongly disagree N/A
1 7

Comments:
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8. | believe | became productive quickly using this system.

Strongly agree strongly disagree  N/A
1 7

Comments:

9. The system gives error messages that clearly tell me how to fix problems.

Strongly agree strongly disagree N/A
1 7

Comments:

10.Whenever | make a mistake using the system, | recover easily and quickly.

Strongly agree v strongly disagree N/A
1 7

Comments:

11. The information (such as on-screen messages, feedback and other documentation)
provided with this system is clear.

Strongly agree strongly disagree N/A
1 7

Comments:
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12.1t is easy to find the information | need.

Strongly agree strongly disagree N/A
1 7

Comments:

13.The information provided with the system is easy to understand.

Strongly agree strongly disagree N/A
1 7

Comments:

14.The information is effective in helping me complete my work.

Strongly agree strongly disagree N/A
1 2 3 4 5 6 7

Comments:

15.The organisation of information on the system screen is clear.

Strongly agree strongly disagree N/A
1 7

Comments:
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16.The interface of this system is pleasant.

Strongly agree

strongly disagree N/A

2 3 4
Comments:
17.1 like using the interface of this system.
Strongly agree strongly disagree N/A
2 3 4

Comments:

18. This system has all the functions and capabilities | expect it to have.

Strongly agree

strongly disagree N/A

1 2 3 4 7
Comments:
19.0verall, | am satisfied with this system.
Strongly agree strongly disagree N/A
2 3 4

Comments:
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Appendix VII — Scenario of Use (for the

FIRMA framework) for Expert Evaluation

Purposes

Objectives:

A) Create a new toy application and integrate it in the robot’s menu. Complete

the following steps in the order that they are provided. When required, you
can refer to the sections of the provided tutorial as mentioned in the

corresponding steps.

Steps:

1)

2)

3)

4)

5)

6)
7)

Create a new Application (namely BNApp) that inherits from the RobotApp
base class (tutorial section 1)

Create one dialogue (namely BNScreenl) inside the application that inherits
from the RobotAppScreenBase base class (tutorial section 1)

Add a textbox to the BNScreenl dialogue that invokes the virtual keyboard
input dialogue when focused (tutorial section 2)

Create a second dialogue (namely BNScreen2) that derives from the binary
decision dialogue, has a button which initiates the adaptive time selection task
and updates its contents (tutorial section 3)

Add a button to the BNScreenl with content “Next”

Add a button to the BNScreen2 with content “Back”

Change the buttons from steps 5 and 6 into TileButtons and add a background

image (tutorial section 4)
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Objectives:

B) Integrate multimodality, script application logic, localize the created
application and add restrictions. When required, you can refer to the sections

of the provided tutorial as mentioned in the corresponding steps.

Steps:

8) Create SRGS grammars for the two application dialogues (tutorial section 5)

9) Script the application’s ACTA logic (tutorial section 6) that consolidates the
touch, voice and gesture modalities to enable navigation back and forth
between the two application’s screens (BNScreenl and BNScreen2).

10) Translate the new app in Greek (tutorial section 7)

11) Add a rule in the communication decision maker module that prohibits the
user from initiating the time selection process (tutorial section 8)

12) Add an adaptation rule regarding the size of the displayed fonts and controls

in respect to the distance between the robot and the user (tutorial section 9).
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