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Introduction

Multimodal interfaces offer multiple ways of interaction between the users and the systems
while at the same time making the interactions more natural for the users and, consequently, easier
and more attractive. These interfaces contribute to dissolve the barriers between technology and
non-technical users or users with special needs such as the elderly users.

In addition to the traditional ways of interaction, such as the interactions with the system
through a graphical user interface by using a mouse and/or a keyboard, multimodal interactions
allow the user to interact with the systems through natural ways of interaction that are based on
speech, touch-based gestures and touch-free gestures as well as any other modality which comes
natural to human users.

Motivation

The United Nations World Population Ageing 2017 report illustrates that the number of
persons above 60 years of age has reached 962 million persons in 2017. This is more than twice
than the number registered in 1980 and this number is expected to double by 2050, to reach 2.1
billion or nearly [1]. The report also illustrates that the number of elderly people that live
independently at their residence is increasing.

The growing number of elderly people is accompanied by a massive pressure on the
different social services and healthcare systems, which are already hustling with challenges
such as the costs of the health and well-being services as well as the availability of professional
personnel. To face these challenges, caregivers, health professionals, policy makers and
computer engineers are looking for new solutions that enable elderly people to live at their
residence with an acceptable degree of independence while ensuring their quality of life and their
safety. One of the envisaged solutions is offered by the so called Active and Assisted Living
(AAL) systems.

To make the interaction with an AAL systems accessible and much easier for elderly
people as well as to maximize the benefits of these systems, any AAL system should integrate a
multimodal interface. The multimodal interface plays an essential role in determining the
acceptance of the system by the users, by consequence the success of the system. Since each user
of the AAL system comes with different backgrounds, budgets, knowledge and preferences, as
well as the possibility that each user uses the system for different reasons and in different
environment conditions, it is important that the multimodal interface integrates some adaptive
features (automatic adaptive capabilities and customizable features).

Due to the huge need for AAL systems and the crucial role of multimodal interfaces, the
Ambient Intelligence (Aml) and the multimodal interaction fields are currently highly
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active research fields. They receive a lot of attention from both the academic and the
industry sectors.

For all those reasons the work presented in the thesis addresses the interaction issues
between the elderly people and technology, and proposes a multimodal interface that integrates
different adaptive capabilities, for an AAL system which targets the elderly people as its main
users. as its main users.

Objectives

The aim of the research was to identify the best modalities adequate for elderly people
interaction with computers and/or mobile devices, to identify good design practices in
creating multimodal interfaces with adaptive features, and to develop a multimodal interface
that can be integrated into an active and ambient assisted living system.

Specifically, this interface was developed for CAMI, a system for assisting users with
special needs in their daily life, including interactions with a humanoid robot, but can be easily
integrated in any other Aml application.

The proposed multimodal interface is composed of four modules: the graphical user
interface (GUI), the voice module, the gesture module and the emotion module. The voice and the
emotion modules are formed from five and two components respectively. The gesture module is
composed of two submodules: the touch-based gesture and the touch-free gesture submodules.
Each submodule is composed of two components.

While the graphical user interface and the gesture module work without the presence of an
active internet connection, the voice and the emotion modules have two modes of working: Online,
which requires the presence of an active internet connection, and Offline, which does not require
the presence of an active internet connection.

To give the user the flexibility to smoothly interact with the system from any device that
the user already has or prefers to use, the multimodal interface works independently of any device
or any operating system.

The design of the multimodal interface observed the guidelines for the user interface design
and its design, and all of its features and commands are consistent across the different devices and
system modules.

The multimodal interface is multilingual and integrates different customizable features and
automatic adaptive capabilities, such as the adaptation to the profile of the user (e.g. user’s
preferences, health issues, etc.), to the activity of the user, to the emotional status of the user or to
the configuration of the system, as well as to other parameters.



Thesis Structure

The thesis is structured in four main parts:

The first part of the thesis is a literature review and it is composed of two chapters. Chapter
1 makes a general overview about the ambient intelligence field, the active and assisted living
sector and the multimodal interaction field. Chapter 2 analyzes the works that are related to the
human-machine interaction field and the active and assisted living sector.

The second part of the thesis introduces the CAMI system and presents a general overview
about the multimodal interface process design. It is composed of two chapters. Chapter 3 presents
a short overview of the CAMI system and highlights the different multimodal interaction facilities
of the system. Chapter 4 delivers an overview about the design of the multimodal interfaces and
illustrates the challenges that should be taken into consideration during the design of a multimodal
interface for elderly people, as well as the ergonomics guidelines that should be observed during
the design of an interface. It presents a model for the multimodal interactions.

The third part of the thesis presents the design and the implementation of the multimodal
interface and its modules. It is composed of two chapters. Chapter 5 delivers an overview about
the design of the CAMI multimodal interface. It illustrates the different functionalities of the
interface, as well as the ergonomics and the adaptive features of the interface. It presents the
architecture of the interface and illustrates the design of each module of the interface. Chapter 6
delivers an overview about the implementation of the multimodal interface and illustrates the
implementation of its different modules, aspects and features.

The fourth part of the thesis presents the different experiments and evaluation of the
interface together with the obtained results, as well as the conclusions and the planned future works.
Chapter 7 describes the different experiments and evaluation that took place and illustrates the
obtained results. Chapter 8 concludes the work presented in the thesis and presents the different
conclusions of the work and lists the envisaged future work.

Chapter 1

Problem Definition

This chapter presents a general overview about the Ambient Intelligence field, about the
Active and Assisted Living sector and about the multimodal interaction field.

Ambient Intelligence refers to a world in which computing devices are embedded
everywhere into the environment in a transparent way and form a network of hidden intelligent
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devices that are capable to recognize and interpret human events, to communicate with each other
(and/or with the user), and to adapt the environment to the inhabitant’s needs, habits, gestures
and emotions.

Therefore, any Ambient Intelligent system should be capable to deal simultaneously with
a big number of devices and to process in real time a huge amount of data. Meanwhile, it should
work without much intervention from users, it should interact with users in the most natural way
possible and it should be capable to take some autonomous context-based decisions. To achieve
such a complex goal, an Aml system, is particularly identified by the following characteristics:
sensitive, responsive, adaptive, transparent, ubiquitous and intelligent.

The applications of Aml are so diverse ranging from sensors and wireless communications
to personal health care and new human-machine interactions. Some Aml areas of applications are:
domotics or home automation, health care, work, sports, tourism, cultural heritage, vehicles,
transports and human-machine interactions.

In the health care domain, AmI offers numerous solutions that not only improve health care
but it also changes the way on how health care is practiced. Active and assisted living systems are
one of those solutions.

Active and assisted living is a concept in which solutions that include one or more
Information and Communication Technology (ICT) components help elderly people live with a
degree of independence in their preferred environment for as long as possible [2]. Those solutions
are of direct value for elderly people, their families and their caregiver to improve their health and
well-being as well as their independence [3]. In addition to the previous benefits, the AAL systems
play an important role in reducing the number of the solicitations toward the health care systems.
According to the AAL Association, the AAL sector covers eight service areas: health and care,
information and communication, living and building, safety and security, mobility and transport,
vitality and abilities, leisure and culture, and lastly, work and training.

An AAL system integrates mainly multiple health services that allow the system to monitor
the health parameters of the user, to manage the medication of the user, to monitor the emergency
situation (such as the falls-cases situations), to continuously monitor the cognitive and physical
status of the user, to communicate the health data of the user to a caregiver or health professional,
to assist the user during the rehabilitation program and to provide real-time assistance for the user
in case of need, as well as other health related services. Usually, an AAL system integrates, in
addition to health services, a navigation service (based on GPS and/or RFID tags) and multiple
home automation services that allow the system to monitor the status of the windows/doors, to
monitor the air quality of the environment, to monitor the light level of the environment and to
adjust the light level in the environment, as well as other related services.

Since the elderly people are the main targeted users of the AAL systems, the system should
interact with them in the most natural way possible. Multimodal interfaces support multiple ways



of interaction between the user and the system such as speech, gesture and touch interactions, in
addition to those supported by the traditional interfaces. In those interfaces, the traditional input
and output media, such as keyboards and mice are disappearing and are being replaced by devices
that allow more natural and direct communication between the user and the system. Multimodal
interfaces make the interaction, flexible, easier and faster for the users. They allow the user to
combine multiple input and output ways or to alternate between them, as well as they are effective
in preventing and handling errors.

Chapter 2
STATE OF THE ART

This Chapter analyzes the works within the human-machine interaction (HMI)
field and the active and assisted living sector, that are related to the work that is presented in
the thesis.

The evolution in the HMI has not been limited to improve the quality of the HMI, neither
to improve the design and the implementation of the regular interfaces. Multiple concepts such as
multimodal interfaces, adaptive interfaces and smart interfaces appeared.

Different solutions that are related to the human-machine speech already exist. Some are
commercial solutions and others are open source solutions. Some of those solutions are ready to
be used, others are used as a base to build solutions over, while others are research projects. A
comparison between the different solutions is illustrated in Table 2.1.

Speech recognition integrates three models that work together: the acoustic, the
pronunciation and the language models. The acoustic model crops the waveforms of the speech
into small fragments to figure out each sound that was made by the user, then the pronunciation
model makes words for the sounds that were identified by the acoustic model and, lastly, the
language model puts the words together to construct sentences.

The speech synthesis process is composed of three stages, the first stage is the
preprocessing stage in which the system goes through the different words of the text to find out
the most appropriate way to read the text, then in the second stage the words are transformed into
phonemes which are the sound components that compose any spoken word and, lastly, the
phonemes are converted into sounds using one of the following approaches: concatenative (using
phonemes extracted from recorded human voices), formant (using phonemes generated by the
machine) or articulatory (makes the machines speak by modeling the human complex vocal
apparatus, which is the most complex approach).



Table 2.1. Speech-Interactions related solutions comparison -*: free testing period & some free

monthly transactions, [: some features are free others require payment,
°: prebuilt language(s), S-t-T: speech-to-text service and T-t-S: text-to-speech service

. Services Languages
Solutions Serv. - Comments
Free|Paild|EN[FR|[RO|[SW|DA(PL]| IT |Add.
S-t-T Internet
IBM Watson TS VAN VA V4 7 V' | dependent
IDragon S-t-T Internet
INaturallySpeaking | T-t-S VY Y Y Y Y Y] dependent
Lexix '?’J'E-IS- v |V
Windows Desktop S-t-T Microsoft
Speech Technology | T-t-S v VY v V| Y (;/grl)ggg:ﬁt
Azure Speech S-t-T Internet
Services T-t-S A A Y v VI v dependent
|Google Cloud Speech | S-t-T . v Internet
Services T-t-S VIRV Y v Vi dependent
All Internet &
Alexa Voice Service [Servic| v v ’ C_:omdpatibl(vja
es evICe aepen ent)
. ° o | Any language
Julius St-T| v N V" |can be supported
. ° ° o | Any language
HCmusphlnx S-t-T VA V4 V" |can be supported
S-t-T Any language
HTK TS can be supported
Kaldi ST Ve con be supported
RPi board
Jasper S-t-T Ve Ve Aﬁ§ﬂ§2‘g’ﬁ;§e
can be supported
Apple Speech n iOS & internet
|Framework ST v V1Y Y V| Y| dependent
Ispeech L vvlv Vv v | v ] g
leSpeak T-t-S| v Velvelve Ve VeVl Ve
|ResponsiveVoice.JS TS| v | V|V V|V |V |V I|V|V |V d'e';f;gi;t
LUIS NLP vl VIV nendent
|pialogFlow NLP | v | vi|v | v v |V VIV nendent
[RAsA NLU NLP | v B A
Wit.ai NLP | v VIV V] s
Azure Bot Service DM v* N/A deponcent
Microsoft
Bot Builder SDK DM | V N/A Windows
dependent




In addition to the solutions that appear in Table 2.1, many researches addressed the
different aspects of the human-machine voice interactions and they offered solutions for the
different identified issues, such as in [4, 5, 6 and 7] for the speech recognition, [8, 9 and 10] for
the speech synthesis, [11, 12 and 13] for the natural language understanding.

Regarding the Dialog Management (DM) of the human-machine speech interactions, it has
been addressed through two main approaches: knowledge-based DM and principle-based DM.
Many systems that use knowledge-based DM approach were proposed, such as the SUNDIAL
system proposed in 1993 by Peckham [14] and the ARISE system proposed in 1999 by Lamel et
al. [15]. The principle-based DM approach is used in different works such as in the work of Chu-
Carroll presented in 1999 [16], in the work of Seneff and Polifroni presented in 2000 [17], and in
the work of Zue et al. presented in 2000 [18] as well as in the systems presented by Lemon and
Liu in 2006 [19] and by Varges et al. in 2008 [20].

Multiple works investigated the interactions between humans and machines through touch-
based gestures. From a side, the single touch-based gesture in which the users use a finger to
interact with the system through a touch screen such as in [21, 22 and 23] where the users used
one of their fingers to either swipe or pan, in [24 and 25] where the users used one finger to either
drag or move an object and in [22 and 26] where the users used one finger to draw gestures pattern.
On the other side, multiple works investigated the multi touch-based gesture in which the users
use multiple fingers, from the same hand or from both hands, to interact with the system through
a touch screen such as in [22, 24, 25 and 27] where users used multiple fingers to either rotate,
resize or steer. Some applications that support multi-touch gestures and target elderly people as
their main users have been developed such as the multi-touch training games from the HERMES
project [28] and the email application designed by Hollinworth and Hwang in [29].

Multiple works investigated the touch-free gesture in which the users interact with the
system through their body movement. The hand gestures are probably the most investigated touch-
free gestures form, each touch-free hand gesture can be divided in five phases: the rest position,
the preparation, the gesture stroke, the holds, the retraction phases, based on the work presented in
[30 and 31]. The rest position is the phase in which the hand is stable in a position from where the
interaction is initialized, the preparation phase in which the hand is moved from the rest position,
the gesture stroke in which the hand executes the gesture command, the holds phase in which the
hand is almost immobile after the end of the gesture execution and, lastly, the retraction phases in
which the hand is moved to the rest position [32]. Some works proposed additional phases to the
hand free-touch gesture such as in [33] where a recoil phase was proposed. In 2003, Gut and Milde
proposed to break down each gesture into several morphological features such as the hand
direction, the hand shape, the movement type, etc. [34]. Another investigating touch-free gesture
form is the gesture through the movement of the head such as in [35 and 36]. The touch-free
gestures are currently used during the training and the rehabilitation programs, in which, the
system tracks the movements of the users, and reproduce them on the screen by an avatar in real
time such as the “Voracy Fish” [37] and the “Hammer & Planks” [38] games. The touch-free
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gestures are currently also used for entertainment and social activities such as in different
Microsoft Xbox and Nintendo Wii games.

Multiple studies investigated the human-machine interactions through the emotions of the
user. The user’s emotions can be recognized by the perception of the user’s facial expressions, the
user’s body language or the user’s voice. The works that recognized the emotion of the user
through the facial expressions of the user, divided the recognition into three major phases. The
first phase is the “face detection” phase that is followed by the “facial feature extraction” phase,
then by the “facial expression classification” phase. In [39], Vineetha et al. used a Microsoft Kinect
Sensor and its related techniques to detect the facial expressions of the user from which they
recognized the emotion of the user. In [40] Yousef et al. used the Microsoft Kinect Sensor and its
related Windows SDK to detect the facial expressions of the user from which they recognized the
user’s emotion. They used the support vector machine (SVM) and the k-nearest neighbors (k-NN)
classifiers to classify the obtained facial expression. In [41] Lemaire et al. proposed an automatic
3D approach to detect the facial expressions of the user using histograms of oriented gradients and
curvature maps. Some works recognized the emotion of the person through his/her body language
as in [42 and 43] while other works recognized the emotion of the person through his/her voice
such as in [44].

Multiple systems that integrate a multimodal interface already exist, such as the Memphis
Intelligent Kiosk Initiative [45], MATCHKIiosk Multimodal Interactive City Guide [46], the
Canesta [47] system, the Touch'n'Speak [48] system, the Put That There [49] system and Gaze
detection pointing system for people with disabilities [50] as well as the personal assistants
that appeared recently, such as Siri from Apple, Cortana from Microsoft and Google Assistant
from Google.

As a result of the great efforts put by the AAL community to encourage the development
of systems that pack together several solutions that were developed or proposed in the field of
health management, well-being and aging at home, different AAL systems and projects appeared,
such as the inCASA [51] project, Persona [52] platform, NITICS [53] project, Sociable [54]
platform, PersonAAL [55] project, CareWell [56], healthy@work [57] project, Wellbeing [58]
project and EldersUP! [59] project.

Regarding the analyzed solutions that are related to the voice module, the majority of
solutions need to be combined with other solutions in order to work as a functional voice module
that can interact with the user, while some integrate different functions that allow them to interact
with the user without the need of any other solution. Some of those solutions are cloud-based and
others can be deployed locally. Most of the solutions support the English language together with
other languages. The performance varies between different solutions and each solution
performance varies also depending on the language which is used for. The performance of the
cloud-based solutions is better than the performance of the locally deployed solutions. However,
they depend on the availability of an internet connection.



Regarding the analyzed solutions that are related to the gesture module, different works
proposed solutions for the touch-based gestures (single-touch and multi-touch) while other works
proposed solutions for the touch-free gestures. Different works found that gestures represent a
suitable way of interaction for the elderly people.

Regarding the analyzed solutions that are related to the emotion module, they used different
approaches to determine the emotion of the user, such as determining the user’s emotion through
the user’s facial expression or the user’s body language or the user’s voice.

Regarding the analyzed multimodal systems, it should be noted that the systems integrate
the speech with another modality as their input modalities. They support only a single language
and most of those systems are device-dependent, not compatible across platforms and they do not
offer any adaptive capabilities.

Regarding the analyzed AAL systems, the majority of them integrate different services to
support the elderly people in their daily life and to help them in maintaining a healthy lifestyle.
The majority of those systems allow the users to interact with them through multimodal
interactions. With the exception of the Sociable platform, neither solution among the set of the
reviewed systems integrates a supervised physical exercise module that helps the elderly people
exercise at their residence which is very important in order to maintain a healthy life. With the
exception of the PersonAAL and EldersUP! projects, neither solution takes into consideration the
importance of integrating adaptive capabilities for their user interfaces. All the mentioned solutions
(being commercial solutions or research projects) have limited functionalities and do not cover all
the functionalities that can be targeted by an AAL system. Moreover, from an architectural
perspective view, the reviewed solutions are bound to one dominant technology that restrict the
implementation and requires a lot of efforts to integrate new functionalities and modules.

Chapter 3

CAMI - A System for Active and Assisted Living

A significant part of the work presented in the thesis took part within the European project
“CAMI: Artificial intelligent ecosystem for self-management and sustainable quality of life in
AAL” in the framework of the Active and Assisted Living Programme of European Union, from
2015 to 2018 [60].

CAMI is an artificial intelligent ecosystem for self-management and sustainable quality of
life in AAL. The project consortium is composed of eight partners from five European countries
and the University Politehnica of Bucharest (UPB) is the coordinator of the consortium.



CAMI incorporates the major functionalities of the AAL systems such as activity planners,
fall detection, supervised physical exercises, health monitoring, home monitoring and automation
[61]. Moreover, CAMI includes a robotic telepresence unit and integrates a multimodal interface
that allows the user to interact smoothly with the system. The target users of the system are the
elderly people aged fifty-five to seventy-five. The caregivers and health professionals can remotely
access the system. They can visualize the user’s health data and activities in real time, as well as
the user’s activity and health records. Further, the caregivers and the health professionals,
depending on their position and specialty, can adjust the medication, the daily exercises and some
daily tasks of the user.

CAMI has multiple key features. One of those key features is that the system can be tailored
to the user’s needs. Another key feature is that the system can be easily extended at any time with
more functionalities and devices. The modular architecture of CAMI represents another key
feature of the system, it is composed of 6 modules: the sensor unit, the robotic telepresence, the
CAMI gateway, the CAMI cloud, the multimodal user interface and the 3" party platforms unit.

The CAMI system offers different services to the user. The user is able to add or remove,
easily, any service whenever he/she wants. The main services of CAMI system are the following:
health monitoring, fall detection and alarm, home and environment management, physical activity
monitoring, program management, multimodal interactions, and robotic telepresence.

Chapter 4

Designing Multimodal Interfaces

This chapter presents a general overview about the design of the multimodal interfaces.
Before the beginning of the design process, it is very important to identify who are the targeted
users of the system and where will the users use the interface (mainly and occasionally), as well
as what are the different functionalities of the system. Only after identifying the previous
information, the design process of the multimodal interface can begin.

Usually designing an interface for a complex system is a very delicate task, especially for
an active and assisted living system in which the interface plays a decisive role in the acceptance
of the system by the users, subsequently the success of the whole system. The challenges that
should be taken into consideration during the design process of a multimodal interface for any
system can be divided into two main groups: the challenges that are related to human factors and
the challenges that are related to technical factors. The challenges that are related to human factors
vary depending on the targeted users of the system and can be divided into three high level
categories depending on the causing factor of the challenge: physical issues, cognitive issues and
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computer experience [62]. Besides the challenges that are related to human factors, technical
related challenges exist, such as the simultaneous contradictory commands, the fusion and fission
of data, as well as the security and privacy issues.

To create an easy and pleasant interaction experience for the users, the design of any
interface should follow some guidelines. Before talking of the guidelines that should be followed,
it is very important to mention that, in addition to those guidelines, different techniques should be
used to ensure the logical flow of information such as the use of the storyboarding techniques.

Regarding the content of the interface that will be displayed on the screen, some aspects of
the interface should behave in a consistent way throughout the different screens (or pages) of the
interface. The interface terminology as well as the used font, font-size, icons and colors should be
consistent throughout the different screens of the interface. The interface should be simple, the
icons used should be familiar to the users, the long sequences and complex tasks should be broken
into separate steps and simple tasks. The interface design should take into consideration the
limitations of the human memory. Thus, the displayed information should be well organized into
a limited number of sections, the interface should always provide a navigation clue which allows
the user to know on what screen he/she is, the interface should always provide the user with an
informative feedback on what has just happened or what it is happening and to generate user
appropriate warnings when they are needed. Moreover, the quantity of information should be
minimized, the input data fields should be automatically formatted and validated to help the user,
as well as to avoid the simple errors and for the information that are flashed for a specific period
on the screen, it is important that the flash period is not too short and that it allows the user to
clearly receive the information. Lastly, the interface design should minimize the mental
transformations of the displayed information and it should have appropriate visual cues not only
to help the user navigate through the interface, but also to make the important information easier
to be found. The interface should look similar as much as possible (and even identic when possible)
through the different devices and it should preserve the used terminology, colors and icons.

Regarding the different phonetic and gesture (touch-free and touch-based) inputs, the
commands should be consistent throughout the different devices, but also across the different
services and modules of the system. The phonetic outputs, and especially in the case of the phonetic
feedback, should also be consistent through the different screens of the interface.

If the interface has different adaptive capabilities, it is very important that each adaptive
feature will introduce itself clearly to the user on the first use. It is also very important that the user
has an option to turn off easily each adaptive feature as well as the whole adaptive capability.

Any interaction between a user and a machine can be divided in eight states: four states for
each side [63] as illustrated in Figure 4.1. The following multimodal human-machine interaction
model is inspired by the Norman’s action cycle [64]. From the side of the user, there are the
decision, action perception and interpretation states while from the system side there, are the
perception, interpretation, computation and action states.

11



Decision Action Perception Interpretation
Preparing message
(@data level
0 L .|
Interpreting the FiSSiOﬂ
Interpretation Perception Action Computation

|User side state | | Machine side state |

Figure 4.1. A Model for Multimodal Human-Machine Interaction

Chapter 5
An Adaptive Multimodal Interface for CAMI

This chapter presents a general overview about the design of the multimodal interface for
the CAMI system.

Since the CAMI system targets the elderly people as its main users, the interface is designed
to fulfill the needs and the requirements of the elderly people such as big font size, big button size,
easy navigation, sound volume level as well as more natural ways of interaction with the system.
At the same time, the interface allows an easy access to the different features of the system.

Since the targeted users of the system are from different countries, they come from various
background and culture with different preferences, habits and knowledge, as well as different
issues. Therefore, the interface has different adaptive capabilities and customizable features. It is
multilingual, it supports the different languages of the CAMI consortium (English, French,
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Romanian, Swedish, Danish, Polish and Italian) with the exception of the voice module that
supports only the English, French and Romanian. More languages can be added easily to the
interface including to the voice module.

The interface works across different platforms and devices. It supports multimodal
interactions and it is composed of four modules: graphical user interface, voice, gesture and
emotion. Although the different modules are intended to work together, each module is designed
to function independently of any other module. The architecture of the interface is illustrated
in Figure 5.1.

The design of the interface ensures that the interface is consistent across all the devices and
also ensures that the functionalities of the different modules of the interface are consistent across
the different devices. However, if a device or an operating system does not support a specific
module of the interface, this module will be disabled automatically and the user will be notified
about it.

The interface has multiple functionalities. It allows the user to interact smoothly with the
system through multimodal interactions using the GUI or the voice, touch-based gesture and touch-
free gesture commands. In addition, it allows the system to generate visual and phonetic outputs
and to track the emotional status of the user, as well as the evolution of the user during the different
physical exercise sessions. The interface allows the user to access easily from any device his/her
health data (real time data or health record), appointments, reminders, and smart notifications as
well as the physical exercises and the different features of the system. It allows the user to
customize different aspects of the interface (e.g. used colors, module display order, feedback form,
interface language, etc.) and to switch on or off the different modules of the system, the different
adaptive capabilities of the interface as well as the different input and output modules of the
interface. The interface can communicate the preferences of the user to 3™ party applications. In
addition, it allows the caregiver to visualize from any device the real-time health data of the user
and the health record of the user as well as the different health reports of the user. The interface
allows the official caregiver to customize the medication plan for the user and the normal range of
values for the health measurements for the user. It also allows the official caregiver to adjust the
health profile of the user and the exercises that should be practiced by the user, as well as some
other options such as the height of the user. In very specific cases, the interface allows the official
caregiver to customize everything in the user’s system and interface.

To ensure a user-friendly interface for elderly people, the design of the multimodal
interface observed the guidelines for the user interface design and took into consideration the
requirements of the elderly people as well as the issues and solutions that were mentioned in the
previous section. The different aspects of the interface behave in a consistent way throughout the
different pages and modules of the interface, the icons, the fonts, the colors and the buttons design
are preserved throughout all the pages of the interface. The voice, gesture and touch commands
are also preserved through the interface and through all the system services. The key elements of
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the interface have the same position all times for the different pages of the interface. The interface
design is simple, the used icons are familiar for almost every user and they are easy to be
interpreted. The default colors used to illustrate a message are also easy interpretable since the
used colors for this matter are the colors used in the traffic lights: red to symbolize an alarmed
situation or high severity, yellow to symbolize a situation that needs attention or medium severity,
and green to symbolize that the situation is good or low severity. Those colors can be easily
modified by the user from the setting page of the system. The interface is easily navigable through
big buttons or through simple speech and gesture (touch-based or touch-free) commands. It
organizes the information by category and highlights the important information to catch the
attention of the user. Lastly, the interface always provides appropriate feedback for the user
through visual and phonetic clues.

The interface is designed to have different adaptive features to better satisfy the need and
preferences of each user.

The first adaptation feature of the interface is the personalization capability. From the side
of the caretaker, the interface in designed in a way that allows the user to choose what modules
should be displayed in the home page and in what order. The user can easily customize the different
colors of the interface such as the background color, the text color, the color of buttons and the
colors of the messages. The user can choose the default language of the interface by choosing a
language from the seven available and to adjust the font sizes. The user can customize the order of
the buttons in the menu and the units of measurement used by the interface. In addition, the user
can switch on or off the avatar, the different modules of the system as well as the different modules
of the interfaces. The user can customize the form of the system’s feedback, turn on and off each
of the automatic adaptation features and adjust some other preferences such as the preferred input
modality, the preferred time frame for exercising, the multi-touch gestures, the speed of the speech
synthesized and its accent and many other preferences. From the side of the caregiver, the interface
is designed in a way that allows the official caregiver to customize the normal range of values for
the health measurements for each user, which allows the system to analyze correctly the results of
the health measurements. Some of those values are: the minimum and maximum values accepted
for the systolic and diastolic blood pressure, the minimum and maximum values accepted for the
heart rate, the daily recommended number of steps and the daily recommended time to sleep. The
official caregiver can also adjust the medication plan for the user, the health profile of the user, the
exercises that the user should practice and some other options.

The second adaptation feature of the interface is the automatic adaptation capability. The
interface is designed in a way that allows the system to adapt automatically the interface according
to the profile and the status of the user, but also to the activity of the user and the system
configuration, as well as to other parameters such as the environment conditions.

Lastly, the interface is designed to work independently from any device or any operating
system. Therefore, it works cross-platform which enables the user to interact smoothly with the
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system through any device that the user already has or that he/she prefers to use, as well as to
interact smoothly with the system through different devices (at the same time or whenever the user
wants to use another device to interact with the system).

To insure multiple ways of interaction between the user and the system, the system
integrates a multimodal interface that is composed, as mentioned before, of four modules:
graphical user interface, voice, gesture and emotion.

Multimodal Interface
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Figure 5.1. The Interface Architecture

The graphic user interface offers to the user a classical alternative for the other interface
modules to interact through it with the system.

The voice module is composed of five components: Audio Preprocessing, Automatic
Speech Recognition (ASR), Natural Language Understanding (NLU), Dialog Management (DM)
and Text-to-Speech Synthesis (TTS), as illustrated in Figure 5.2. It has two modes of working:
Online and Offline. This module has as inputs the speech commands of the user or the speech
synthesized commands from the system (when it is initiated by the system or by the user using
another input module) and as outputs the speech synthesized audio and/or a visual output or an
order that is sent to the system.
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Figure 5.2. Voice Module Architecture
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The gesture module is composed of two submodules: a submodule for the touch-based
gestures and another submodule for the touch-free gesture, as illustrated in Figure 5.3. The first
submodule is composed of two components: data acquisition and data processing, and it has as
input the touch command of the user and as outputs the corresponding output for the user command
(visual and/or phonetic) and/or an order that is sent towards the system. While the second
submodule is composed of two components: data acquisition and data transformation, and it has
as input the touch-free gesture command of the user and as output an order that is sent to the system
or the 2D coordination of the user movement to be reproduced on the system screen during the
physical exercise sessions.
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Figure 5.3. Gesture Module Architecture

The emotion module is composed of two components: data acquisition and data
transformation, as illustrated in the Figure 5.4. It has two modes of working: Online and Offline.
This module has as input the emotion of the user and as output the emotional status of the user that
is sent to the system.
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Figure 5.4. Emotion Module Architecture

Chapter 6

Interface Implementation

This chapter presents a general overview about the implementation of the multimodal
interface.
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6.1. Graphical User Interface Implementation

To ensure a good functionality of the interface across the different devices and platforms,
the interface was developed mainly using the HTML5, CSS3 and JavaScript languages. However,
some modules of the interface may have been developed using other languages.

The interface checks the configuration of the systems and, if a module of the system is not
available or turned off, all the information regarding this module will be hidden in the graphical
user interface and all the commands that are associated to that module will be disactivated. To
implement the previous feature, each system module has a global Boolean variable that is equal to
true, if the system module is available and activated. It is equal to false if the system module is
deactivated or unavailable within the system. If the value of the Boolean is true, the information
of the corresponding module is visible and its associated commands are activated, while if the
value of the Boolean is false, the corresponding information is hidden and the associated
commands are deactivated.

Using Bootstrap, the GUI adapts itself to the screen size of the device. The Bootstrap grid
system helps to align the different elements of the page based on rows and columns. The page is
composed of one or more containers. Each container is composed from one or more rows and each
row can be decomposed in up to twelve columns. According to the interface design needs, the
interface uses the bootstrap grid system that has four predefined grid sizes that correspond to:
phones or extra small devices, tablets or small devices, medium desktop devices and large
desktops devices.

The interface extracts from each user profile information that is related to the GUI
preferences of the user and adapts the GUI to satisfy the user preferences. To implement this
feature, each group of elements has their color associated to a variable. The variable value is
extracted from the color selected by the user for this group which is stored in the user profile. Each
module position depends on a variable. The variable value is extracted from the modules order
selected by the user which is stored in the user profile. The home-page of the GUI is illustrated
in Figure 6.1. It displays the last health measurement results, the daily number of steps and the
sleep duration in the current day. It also displays the number of reminders, the daily appointments
of the user and some smart notifications regarding the user’s health status and activity. It should
be mentioned that all communications with the system core takes place through JSON Web Tokens.

Each measurement result is displayed together with the time when the measurement was
taken, a colored icon that reflects the type (by its shape) and the result of the measurement (by its
color). Two smart notifications appear in the notification zone for each measurement. The color of
the icon varies according to the body mass index result for the weigh measurement and according
to the measurement result for the blood pressure and heart rate. While for the number of steps and
sleeping time, the icon color varies according to the addition result of the different measurements
that were taken on the same day. As mentioned before, the accepted range of values for each type
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of measurement can be customized for each user by the caregiver, while the colors that reflect the
measurement result status can be customized by the user.
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Figure 6.1. CAMI Home-Page

The interface extracts from each user profile information the user’s height, the acceptable
range for each of the health measurements value, the daily required number of steps and the daily
required sleep duration. Then, the system adapts the notifications according to the extracted
information to fit each user’s health requirements. In what follows, the accepted range of values
represents the default values used by the interface.

Regarding the weight measurement, the BMI can be obtained by dividing the weight of the
person to his/her height squared. If the BMI result is inferior to 18.50 Kg/m? the person is
underweight. If the BMI result is between 18.50 Kg/m2 and 24.99 Kg/m? the person has a normal
weight. If the BMI result is between 25.00 Kg/m? and 29.99 Kg/m? the person is overweight. Lastly,
if the BMI result is superior the 30.00 Kg/m2 the person is obese [65].

Regarding the blood pressure measurement, the accepted range of value is between 90
mmHg and 120 mmHg for the systolic blood pressure and between 60 mmHg and 80 mmHg for
the diastolic blood pressure, as recommended by the American Heart Association [66]. Regarding
the heart rate, the accepted range of value is between 60 bpm and 100 bpm, as recommended by
the American Heart Association [67]. Regarding the required daily walking steps, the accepted
range of value is between 2000 steps and 9000 steps [68]. Regarding the required daily duration
of sleep, the accepted range of value is between 420 minutes and 480 minutes [69].

Two icons are displayed next to each appointment/reminder. The first icon illustrates the
importance of the appointment reminder. There are three levels of importance: low, medium and
high importance or severity. The second icon allows the user to acknowledge the appointment or
the reminder.
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The interface allows the users to visualize quickly weekly health charts that illustrate the
variation of their health measurements during the last seven days. In addition to the weekly health
charts, the users have the possibility to visualize their health measurements history for an interval
of time that they desire under a chart format or a list format. The health measurements can be
visualized combined or each measurement alone.

6.2. Voice Module Implementation

As previously mentioned, the voice module is composed of five components: Audio
Preprocessing, Automatic Speech Recognition (ASR), Natural Language Understanding (NLU),
Dialog Management (DM) and Text-to-Speech (TTS) Synthesis. The voice module is multilingual.
It supports English and French in both modes of working: Online and Offline. In addition, it
supports Romanian for the online mode of working.

Audio Preprocessing: the audio preprocessing component extract data that is useful for the
voice module, from the profile of the user and from the setting of the system. The data is as follows:
the speech language which is extracted from the user’s preferred language that is stored in each
user profile, the audio bit depth, the proper frequency of the audio and the number of channels of
the audio are extracted from the voice module settings. In addition to the previous data, the
automatic punctuation preferences, audio encoding, the TTS solution that should be used, the ASR
solution that should be used, the ASR model and the preferences regarding the word time offsets
as well as other options are extracted from the voice module settings.

Automatic Speech Recognition (ASR): For the online mode of working, Microsoft speech-
to-text service and Google speech-to-text service are used as ASR solutions for French and English.
The user can easily choose which ASR solution should the voice module use in the settings page,
as well as to switch between them. For Romanian, the Google speech-to-text service is used as
ASR solution. The system captures the voice command of the user and sends the audio file to the
cloud of the used service, both services return the text transcription in real time. The default
configuration of the interface is to use the Microsoft speech-to-text service as ASR solution for
French and English; and to use the Google speech-to-text service as ASR solution for Romanian.
The voice module sends the audio file that contains the recorded voice command of the user to the
cloud of the chosen ASR service using a JSON file. The result of the recognition is obtained
through a JSON file. For the offline mode of working, the number of the recognized commands is
reduced. The Windows Desktop Speech Technology provided by Microsoft is used as the ASR
solution.

Natural Language Understanding (NLU): For the online mode of working, the Language
Understanding Intelligent Service (LUIS) provided by Microsoft is used as the NLU solution for
French and English. LUIS allows the system to understand what the users want when they express
themselves with their own words. It uses machine learning to improve the extraction of meaning
of the user’s input in natural language. Therefore, by sending the resulted text from the ASR
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component to LUIS, the system will receive back relevant and detailed information regarding the
request of the user in a JSON file. To cover the different interactions between the user and the
system, different intents were created, each intent has multiple entities. Some entities have one or
more children. For Romanian, wit.ai API is used as the NLU Solution. The workflow and the
outputs are similar to those explained for LUIS. For the offline mode of working, RASA NLU
provided by Rasa Technologies GmbH is used as the NLU solution. It extracts the meaning of the
user’s input in natural language and sends back to the system relevant and detailed information
regarding the request of the user in a JSON file. Similar to the online mode of working, different
intents were created and for each intent multiple entities have been associated.

Text-to-Speech (TTS) Synthesis: For the online mode of working, Microsoft text-to-speech
service and Google text-to-speech service are used as TTS solutions for French and English. The
user can easily choose which one the voice module should use in the settings page, as well as to
switch between them. ResponsiveVoice.JS API is used as TTS solution for Romanian. The DM
sends the text that should be spoken to the cloud of the used service through a JSON and both
services return the audio file that contains the artificial spoken text in real time. The default
configuration of the interface is to use the Microsoft text-to-speech Service as TTS solution for
French and English; and to use the ResponsiveVoice.JS APl as TTS solution for Romanian. For
the offline mode of working, the Windows Desktop Speech Technology provided by Microsoft is
used as the TTS solution.

6.3. Gesture Module Implementation

As mentioned previously, the gesture module is composed of two submodules: the touch-
based gesture submodule and the touch-free gesture submodule. In its turn, the touch-based gesture
submodule is formed of two components: data acquisition and data processing. The touch-free
gesture submodule is also formed of two components: data acquisition and data transformation.

The touch-based gesture submodule supports single-touch and multi-touch gestures. It
collects the data of a user input through the touch screen of the device from which the interface is
accessed. The touch screen represents the data acquisition component. The collected data is sent
to the data processing component where it is processed by the event system of the device. Some
commands are executed directly by the device itself while other commands are sent to the system
core that executes them. To implement this submodule, Hammer.js, which is a JavaScript library,
was used. Hammer.js library allows to easily create touch gestures. It has certain default multi-
touch gestures (e.g. Pinch, Rotate, etc.) and certain single-touch gestures (e.g. Pan, Press, etc.).
However, only the multi-touch gestures were used from the Hammer.js library since it was
preferred to keep the single-touch input as simple as possible for the users. The command of each
gesture was customized easily through a JavaScript code.

The touch-free gesture submodule tracks the user’s movements through a Microsoft Kinect
V2 sensor which provides RGB data, depth maps, and the user tracking under the form of a 3D
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skeleton that indicates the most important 25 body joints. In comparison with the first version of
the Kinect sensor, the Kinect V2 sensor has a wider field of view and integrates an enhanced depth
sensor and multiple enhanced microphones. In addition, it provides an improved skeleton tracking
and a significantly improved tracking in the environments with reduced light conditions. The data
acquisition component tracks the body movements of the user through a Kinect V2 sensor and
receives from it the coordinates of the body movements as 3D coordinates. Then, those coordinates
are sent to the data transformation component in which they are converted into 2D coordinates
using classical viewport and affine transformations. Then the obtained 2D coordinates are sent to
the core system. During any physical exercise session, the system uses the received 2D coordinates
to reproduce, in real time, the movements of the user on the screen through the user’s avatar. The
exercise games were developed using the Unity 3D engine and the Microsoft Kinect for Windows
SDK 2.0 together with the Unity Pro Packages. Besides the physical exercise sessions, the system
analyzes the received 2D coordinates to recognize the touch-free gesture then executes the
corresponding command. The touch-free gestures that should be recognized by the system were
built using the Visual Gesture Builder (VGB) provided by the Kinect SDK 2.0. Besides creating
the gestures, the VGB was used to train the system to recognize the gestures using the machine
learning algorithms that it integrates. At the end, the VGB was also used to test the recognition of
each gesture by the system. Therefore, for each gesture some information was provided to the
VGB through the VGB Gesture Wizard such as if the gesture relies on the joints that are in the
lower part of body (below the hips) or on the hand states (open, closed or lasso), to choose a
training joint mask that represents best the gesture, if the gesture is a body side gesture or if the
gesture is symmetrical, etc. Providing the previous information helps reducing the size of the data,
reduce the training time and improve the accuracy of the recognition. For each gesture the Kinect
V2 were used to record different clips that contain the gesture throughout the Kinect Studio
software. A part of those clips (two thirds) was used to train the system to recognize the gesture,
while the other part (a third) of the clips was used to test the acquired recognition. The training
clips were imported to the VGB. For each training clip, the gestures were manually labeled: the
Boolean value of the gesture is set up to true in the frames in which the gesture is present, this
value is left empty in the frames in which the gesture is not present and, in some cases, this value
is set up to false in the frames in which the gesture is not present, but a situation in which it can be
viewed similar to the gesture by the system is present (the false-positive cases). After
labeling all the training clips, the training process was launched and after the training process was
finished the testing clips were imported to the VGB, so as to test the obtained recognition
performance. This procedure was repeated for each of the touch-free gestures that should be
recognized by the system.

6.4. Emotion Module Implementation

As mentioned previously, the emotion module is composed of two components: data
acquisition and data processing. It has two modes of working: Online and Offline.
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For the offline mode of working, the data acquisition component tracks the face of the user
through a Kinect from which it receives the 3D coordinates of the user’s face. Then it sends those
coordinates to the data transformation component where they are transformed into 2D coordinates
using classical viewport transformations and affine transformations. Subsequently, the obtained
2D coordinates are sent to the core system. The Face Tracking Basics API provided by the
Microsoft Kinect for Windows SDK 2.0 was used to track and analyze the user’s face expression
in real time. It creates a 3D mask of the user's face, which allows the extraction of the most
common and basic features of the user's face (e.g. position of the eyes, nose and mouth, status of
the lips, jaw and eyebrows; etc.). Despite the fact that the Face Tracking Basics API generates over
1000 reference points from the user’s face, the module uses only 51 of those reference points and
maps them to 19 Action Units (AU) which are associated to basic emotions. These were chosen
based on the associations described in the Facial Action Coding System (FACS). In addition, 19
Support Vector Regression (SVR) networks that integrate a part of the extracted reference points
were used for computing intensities of the AU.

For the online mode of working, the data acquisition component tracks the face of the user
through a camera from which it receives a video. Then it sends the video to the data transformation
component in which video frames are extracted from the video. Afterwards, the extracted video
frames are sent to the Microsoft Azure Face API in which they are analyzed and after that, the
cloud sends back a JSON file that contains the result of the analyze. The system core deduces the
emotion of the user from the recognition confidence rates received within the JSON file.

6.5. Some Features and Aspects of Implementation

Avatar: The avatar enhances the communication between the user and the system. It
animates the interactions and captures the attention of the user. In addition to the inputs of the
traditional input devices, the avatar can process speech and touch-based inputs. It generates
phonetic and visual outputs. The avatar is multilingual and uses the current language of the
interface to communicate with the user. Some aspects of the avatar can be customizable by the
user such as its name, clothes, output types and virtual character (e.g. human-like, animal, object,
etc.). The avatar also has some adaptive capabilities such as the adaptation of its clothes in function
of the time or weather and the adaptation of its behavior in function of the user status. The avatar
answers the queries of the user by extracting information from the system (locally) or by searching
for information over the internet (if a connection is available) and informs the user about
notifications, reminders and appointments. Moreover, the avatar assists the user to navigate
through the interface if the user asks for help or if the system detects that the user needs help. The
avatar can be easily switched on or off, by the user. The avatar is developed using HTML5, CSS3
and JavaScript and it is connected to the different modules of the interface.

Portability: The interface is packed into a compressed folder that is accompanied by a PHP
file. Once the PHP file is executed, the interface’s installation process is launched. During the
installation process some information should be provided, some is optional while other is
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mandatory, such as the language that should be used during the installation process, the path of the
installation directory, the users authentication method, the different cloud services that are
available, the path of some resources (e.g. JSON files) and the different modules of the system as
well as its functionalities. The only requirement for the installation process is the ability of the
system to run PHP files.

Security & Privacy: To insure the security of the transmitted data, the interface uses JSON
web token (JWT) to transmit data between the system and the interface, or between the different
modules of the interface. The JWTs are encrypted and/or digitally signed using a secret key
or a pair of public and private keys (depending on the option that was selected during
the installation process of the interface). For privacy purposes, the user can access a page
that displays what modules are activated and what data does each module collect. From the same
page, the user can easily switch on or off any module, clear the collected data and set up
different parameters.

Communication with 3" party applications: The interface can export the preferences of the
user to 3" party applications, after obtaining the accord of the user, through a JSON file such as in
the case of a smart scheduler, the interface exports toward the scheduler, the time-frames during
which, the user prefers to exercise.

Fusion and Fission of Data: The interface integrates a fusion engine that composes and
correlates data that comes from the different input channels. The interface also integrates a fission
engine that separates the output data in function of their type.

Simultaneous Contradictory Commands: In case that two simultaneous contradictory
commands are recognized, the interface integrates methods that analyze these commands and
chooses which one should be executed. The decision is relying on a rule-based approach that takes
into consideration the degree of confidence of each command recognition, the conditions of the
environment, the health status of the user, the presence of one or more factors that may represent
an advantage or disadvantage for an input modality and some other information.

Chapter 7

Experiments and Evaluation

This chapter presents a general overview about the implementation of the multimodal
interface.

The previous two chapters presented the design and the implementation of the multimodal
interface. The different modules of the interface have been tested in several stages to improve the
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final solution. The results of the tests that took place in earlier stages of the development are
illustrated in [70, 71, 72 and 73]. The modules were tested in the laboratory, but also at users’
residences. At the end, the whole interface was tested as a single solution.

The evaluation process envisaged to ensure the good functionalities for the different
features and modules of the interface as integrated in a single solution, but also as a stand-alone
solution for each feature and module. The evaluation process took into consideration the main
users of the interface, which are the elderly people.

7.1. Graphical User Interface Evaluation

The Graphical User Interface module has been evaluated by a group of sixteen people aged
between fifty and sixty-five, in the laboratory, and by a group of ten people aged between fifty-
five and sixty-five, at their residence. During the evaluation each user used a computer with touch-
enabled screen and a tablet (Apple iPads with 9.7-inch screen size or Samsung Galaxy Tab 4). The
design of the module was very appreciated by the users, both on the computer and on the tablet.

The users appreciated, especially, the used icons which were found by the user as a very
useful way that allows to rapidly identify the information location as well as the colors of the health
icons which were found by the users as a nice and easy way to rapidly identify their health status.
In addition, the big buttons, the graphical representations of the health data and the display mode
of the health records history were very much appreciated by the users.

Besides the previous group of people, six people aged between forty and fifty evaluated
the module using a mobile phone (Apple iPhone 7 or Samsung Galaxy S7). They appreciated the
design of the module and the way it works on the mobile phones.

Although users used some touch commands, the purpose of those evaluations was to
evaluate the GUI and not the touch commands.

7.2. Voice Module Evaluation

The voice module of the interface has been evaluated by a group of twenty-four people
aged between fifty and sixty-five in the laboratory and by a group of twelve people aged between
fifty-five and sixty-five in their residence.

All the users tested the voice module using the Romanian language, then half of the users
tested the module again using the English language while the other half tested the module using
the French language. For the Romanian language the users tested the module in the online mode
of working, while they tested the module in both modes of working (online and offline) for the
French and English languages. During the tests, two microphones were used (a Plantronics
Voyager 5200 UC and a Conexant HD ISST microphone).
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Therefore, the tests have been performed on a set of 7200 interactions between the user
and the system formed of twenty-five different interactions for each user, as illustrated in Table7.1.
In those tests, each user repeated twice the interaction for the Romanian language, each time using
a different microphone, while each user repeated the interaction six times for the French or English
languages: three times using each microphone, once in the offline mode of working and twice in
the online mode of working (once using the Microsoft speech-to-text service as ASR solution and
once using the Google speech-to-text service as ASR solution).

The evaluation procedure used the Levenshtein distances to calculate the differences
between the results of the speech recognition and the original text phrase. A part of the results for
the ASR tests that were performed in the laboratory are illustrated in Table 7.2, while a part of the
results for the for the ASR tests that were performed at users’ residence are illustrated in Table 7.3.

Table 7.1. Number of Interactions for the voice module tests

Number of Number of Number of Repetitions| Number of
Language Users Interactions/User in different settings Interactions
(A) (B) © (A*B*C)
English 18 25 6 2700
French 18 25 6 2700
Romanian 36 25 2 1800
TOTAL 7200

The ASR test results illustrate that the Microsoft speech-to-text service and the Google
speech-to-text service have similar performance for French and English with a small advantage
for the Microsoft speech-to-text service. As expected, the results of the tests performed in the
laboratory are better than those performed in the users’ residence due to the noise presence in the
environment at users' residence. The results also illustrate that the use of the Plantronics VVoyager
5200 UC microphone improved in general the recognition of the users’ speech commands. The
improvement degree varied between the cases, it was significantly in the offline mode of working,
it was important for the tests that took place at the users’ residence and it was less important for
the tests that took place in the laboratory. Despite the variation between the obtained results, all
the results obtained during the ASR tests are satisfying.

To insure a correct test for the NLU implementation and to reduce the errors caused by a
poor ASR recognition, the NLU tests were performed only with the utterance recorded in the
laboratory using the Plantronics Voyager 5200 UC microphone. For the online mode of working,
the utterance that was recognized by the ASR was sent to the LUIS platform for French and English
or to the wit.ai platform for Romanian. On each platform, the utterance was processed and
compared with the original text query. The results of the NLU tests for the online mode of working
are very satisfying. For English, regarding the intent recognition, the percentage of the successful
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recognition was 82% and regarding the entity recognition, the percentage of the successful
recognition was 75% (regardless of the used ASR solution). For French those percentages were
76% and 70% respectively (regardless of the used ASR solution), while for Romanian those
percentages were 73% and 68% respectively. For the offline mode of working, the utterance that
was recognized by the ASR were sent to the RASA NLU tool, in which the utterance was processed
and compared with the original text query. The results of the NLU tests for the offline mode of
working are satisfying, even if they are lower than the ones obtained for the online mode of
working. For English, regarding the intent recognition, the percentage of the successful recognition
was 76% and regarding the entity recognition, the percentage of the successful recognition was
69%, while for French those percentages were 65% and 57% respectively. In both modes of
working, the tests illustrated that the intent interpretation, as well as the entity extraction, are
related in a proportional way to the accuracy of the ASR.

Table 7.2. Part of the ASR tests results performed at the laboratory - A using Microsoft speech-
to-text service and B using the Google speech-to-text service as ASR solution

Average Recognition Percentage (%)
Users' Command Plantronics Mic. Conexant Mic.

Online Mode | Offline | Online Mode | Offline

A | B Mode [ A | B | Mode

English

How will the weather be this weekend? 99.84 | 99.51 | 90.32 |98.15|98.21 | 79.88
Show my calendar 99.42 | 99.34 | 90.23 |99.08 | 98.79 | 79.68
Display my calendar 99.18 | 99.00 | 89.97 |98.95|98.34 | 78.14
What is my health status? 97.96 | 97.52 | 86.71 |96.25|95.86 | 74.23
Display my blood pressure 99.00 | 98.85| 87.79 |98.85|98.42 | 75.51
How much have | walked today 97.24 | 97.35| 85.98 |95.67 | 95.51 | 73.28
How will the weather be today? 98.91 | 98.79 | 89.16 |96.28 | 95.99 | 77.86

French

Afficher mon calendrier 97.82 | 96.58 | 84.21 |94.52|93.86 | 72.34
Quel est mon état de santé 95.28 | 94.72 | 81.65 |91.96 | 91.08 | 70.16
Afficher ma tension artérielle 9458 | 94.05| 79.74 190.07 | 89.61 | 68.34
Combien j’ai marché aujourd'hui 93.31 | 9281 | 77.16 |88.96 | 88.52 | 66.85
Comment sera le temps aujourd‘hui 95.44 | 94.96 | 80.34 |92.23 |91.82| 69.44

Romanian

Afiseaza-mi calendarul N/A | 9652 | N/A N/A | 92.78 | N/A

Care este starea mea de sanatate N/A 19534 | N/A N/A [ 91.69 | N/A

Arata-mi tensiunea arteriala N/A | 91.57 N/A N/A | 86.95| N/A

Cat am mers astazi N/A | 94.86 N/A N/A | 89.18 | N/A

Cum va fi vremea astazi N/A 19549 | N/A N/A [ 90.52 | N/A
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Table 7.3.Part of the ASR tests results performed in the users' residence-A usingMicrosoft
speech-to-text service and B using the Google speech-to-text service as ASR solution

Average Recognition Percentage (%)
Users' Command Plantronics Mic. Conexant Mic.

Online Mode | Offline | Online Mode | Offline

A B Mode [ A | B | Mode

English

Display my calendar 96.11 | 94.60 | 77.23 ]93.08 | 92.46 | 56.25
What is my health status? 9421 [ 9254 | 74.83 |90.28 | 88.75 | 54.17
Display my blood pressure 93.47 | 91.96 | 76.49 |89.73 |90.05 | 60.32
How much have | walked today 92.24 | 91.23 | 76.21 |88.61|87.17 | 55.46
How will the weather be today? 94.99 | 94.78 | 78.01 |90.44 | 89.65 | 59.44

French

Afficher mon calendrier 96.73 | 93.19 | 72.71 |87.06 | 87.61 | 53.91
Quel est mon état de santé 92.87 | 91.88 | 68.95 |85.27 | 83.92 | 51.26
Afficher ma tension artérielle 91.29 | 90.63 | 68.68 |83.78 | 83.04 | 50.74
Combien j’ai marché aujourd'hui 90.53 | 88.94 | 67.94 |82.03|81.73 | 50.08
Comment sera le temps aujourd'hui 92.07 | 90.87 | 72.26 |84.94|83.89 | 51.82

Romanian

Afiseaza-mi calendarul N/A 9222 | N/A N/A |85.92 | N/A

Care este starca mea de sanatate N/A | 91.92 N/A N/A | 82.45| N/A

Arata-mi tensiunea arteriala N/A | 88.96 N/A N/A | 79.16 | N/A

Cat am mers astazi N/A [90.64 | N/A N/A | 80.09 | N/A

Cum va fi vremea astazi N/A [ 9254 | N/A N/A | 80.67 | N/A

After extracting the intent and the entities from the recognized utterance, the message
generated by the NLU solution is sent DM component which is the Azure Bot Service for the
online mode of working or the Bot Builder tool for the offline mode of working. The DM
component matches first the received user intent, then it matches the received entities, therefore a
wrong detection of the intent in the NLU will lead to wrong interpretation of the user’s utterance,
while an incomplete extraction of entities will lead to an incomplete answer/action from the system
or it will make the system ask for the entities that are missing. Since the differences in the results
of the ASR in the online mode of working are insignificant between the Microsoft speech-to-text
service and the Google speech-to-text service, the tests of the DM component took into
consideration for the online mode of working only the interactions that were performed using the
Microsoft speech-to-text service as ASR solution for French and English and the Google speech-
to-text service as ASR solution for Romanian. The tests of the DM component compared the
reaction of the system with the reaction of the system that should take place as a response to the
speech command of the user. The results of the tests are satisfying as illustrated in Table 7.4.
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Table 7.4. DM tests results

Average Percentage (%)
Case Plantronics Mic. Conexant Mic.
Online Mode Offline Mode Online Mode Offline Mode
Lab | Dom | Lab | Dom | Lab | Dom | Lab | Dom
English
First case 73 68 67 60 71 65 61 51
Second case 18 20 19 21 19 22 20 22
Third case 5 7 8 11 6 8 12 18
Fourth case 4 5 6 8 4 5 7 9
French
First case 69 67 61 55 68 65 55 46
Second case 19 20 20 21 18 18 19 21
Third case 7 8 12 15 9 11 17 22
Fourth case 5 5 7 9 5 6 9 11
Romanian
First case 68 64 N/A N/A 61 52 N/A N/A
Second case 18 19 N/A N/A 19 20 N/A N/A
Third case 9 11 N/A N/A 14 17 N/A N/A
Fourth case 5 6 N/A N/A 6 11 N/A N/A

For the TTS component, after each session with the system, each user had filled a
questionnaire regarding the degree of understanding of the phonetic output and its degree of clarity.
The tests took place with the default setup of the TTS component (voice gender, the speed and the
pitch of the voice). For each question, the user answered with a score from 0 to 10 in which 10
represents full understanding or excellent clearness. A part of the results for Romanian TTS tests
are illustrated in Table 7.5. While a part of the results for French and English TTS tests, that were
performed in the laboratory are illustrated in Table 7.6, and those performed at users’ residence
are illustrated in Table 7.7.

Table 7.5. Part of the Romanian TTS tests results

Average Score
Phonetic Output (Romanian) Understood Clearness
Lab Dom | Lab | Dom
Ce masura de sanatate doriti sa luati? 8.50 7.50 | 8.00 | 7.25
Acestea sunt variatiile greutatii voastre in ultima luna. 7.50 7.00 | 7.25 | 6.75
/:rtr:](:)sl';e.a este calendarul sdptdmanal. Timpul vostru se 775 705 | 775 | 795
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Table 7.6. Part of the TTS tests results performed at the laboratory - A using Microsoft text-to-
speech service and B using the Google text-to-speech service
Average Score
Understood Clearness
Online Mode | Offline | Online Mode | Offline
A B Mode A B Mode

Phonetic Output

English
What measurement do you want to take? | 10.00 | 10.00 | 9.75 950 | 9.50 | 9.50
Here are your weight variations during the

9.75 | 10.00 | 9.50 9.25 | 950 | 9.25

past month.
Her(.a|s¥0urweeklycalendar.Yourtlmels 1000 | 9.75 9.75 950 | 925 | 925
getting filled
French
Quelle mesure voulez-vous prendre? 9.75 | 9.50 9.25 9.25 | 9.25 | 8.75

Voici les variations de votre poids au cours
du dernier mois.

Votre calendrier hebdomadaire est affiché.
Votre temps se rempli.

9.50 | 9.25 9.00 9.00 | 9.00 | 8.50

9.50 | 9.50 9.00 9.00 | 9.00 | 8.50

Table 7.7. Part of the TTS tests results performed at the users' residence - A using Microsoft text-
to-speech service and B using the Google text-to-speech service

Average Score
Phonetic Output Understood Clearness
P Online Mode | Offline | Online Mode | Offline
A B Mode A B Mode
English
What health measurement do you want to 1000 | 10.00 | 9.50 050 | 950 | 925
take?
Here are your weight variations during the 950 | 975 9.25 925 | 995 | 900
past month.
Her? IS ){ourweekly calendar. Your time is 1000 | 10.00 | 9.75 925 | 950 | 900
getting filled
French
Quelle mesure voulez-vous prendre? 9.50 | 9.25 8.75 9.00 | 9.00 | 825
Voici Ie_s varla_tlons de votre poids au cours 9.25 | 9.00 8.50 875 | 850 | 8.00
du dernier mois.
Votre calendrier hebd_omadalre est affiche. 995 | 9.25 8.75 875 | 850 | 8.00
Votre temps se rempli.
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The TTS tests results illustrate that the Microsoft text-to-speech service and the Google
text-to-speech service have similar performance for French and English with an insignificant
advantage for the Microsoft text-to-speech service. As expected, the results of the tests performed
at the laboratory are better than those performed in the users’ residence due to the conditions of
the environment.

The results of the TTS tests are satisfying for both modes of working. Regarding the tests
that took place in the laboratory, for the online mode of working, the average understanding score
of the spoken text was 9.85 from 10 for English, 9.50 for French and 8.05 for Romanian, while the
clearness score of the spoken text was 9.45, 9.05 and 7.75 respectively. For the offline mode of
working, the average understanding score of the spoken text was 9.70 for English and 9.05 for
French, while the clearness score of the spoken text was 9.25 and 8.75 respectively. Regarding the
tests that took place in the users’ residence, for the online mode of working, the average
understanding score of the spoken text was 9.65 for English, 9.25 for French and 7.65 for
Romanian, while the clearness score of the spoken text was 9.25, 8.75 and 7.15 respectively. For
the offline mode of working, the average understanding score of the spoken text was 9.50 English
and 8.65 for French while the clearness score of the spoken text was 9.05 and 8.10 respectively.

Finally, the results of the tests for each component of the voice module are satisfying. The
module was very welcomed by the users, especially the possibility to have multiple voice
commands for the same order and the possibility to give the information needed for a command
through a single speech interaction or through multiple speech interactions. The ability to adjust
the gender, the speed and the pitch of the voice was also very welcomed by the users.

7.3. Gesture Module Evaluation

The gesture module of the interface has been evaluated by a group of twenty-two people
aged between fifty and sixty-five in the laboratory and by a group of twelve people aged between
fifty-five and sixty-five in their residence.

For the touch-based gestures: the users navigated between the different pages of the
interface and gave commands to the system using touch interactions. The test used the same
devices that were used for the GUI evaluation (a computer with touch-enabled screen and a tablet:
an Apple iPads with 9.7-inch screen size or a Samsung Galaxy Tab 4). The users appreciated very
much the possibility to interact with the system through touch-based commands. The users
considered that the single touch commands are very easy to use. The system always reacted as the
user was expecting during those interactions and the satisfaction of the users regarding the single
touch commands is almost 100%. However, the users considered that the multi-touch commands
are complicated. In many cases, that kind of commands got the user lost, since in the majority of
cases, the user initiated a multi-touch command while in fact the user was intending to use a single
touch command. Despite the high detection rate of the multi-touch commands, the multi-touch
option is turned off in the default settings of the gesture module.
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For the touch-free gestures: the users executed simple commands using their hands. During
the tests six touch-free gestures were evaluated: toward left (L), toward right (R), toward up (U),
toward down (D), circle (C) and push (P). A Microsoft Kinect V2 sensor was used to track the
movement of the hand and each user repeated each gesture sixteen times. Consequently, a total of
2970 interactions have been performed from which 1980 interactions were performed in the
laboratory and 990 interactions were performed at the users’ residence; 495 interactions
were performed for each gesture, respectively 330 and 165 interactions. The results are listed

in Table 7.8.

Table 7.8. Touch-Free gesture recognition tests results

Toward | Toward | Toward | Toward .
Gesture Name Left Right Up Down Circle Push
Gesture Form | | O is
Laboratory
True Detection 324 323 325 316 312 305
False Detection 6 7 5 14 18 25
Detection Percentage (%) 98.18 97.88 98.48 95.76 94.55 92.42
Users’ Residence

True Detection 152 150 154 141 134 131
False Detection 13 15 11 24 31 34
Detection Percentage (%) 92.12 90.91 93.33 85.45 81.21 79.39

The results of the touch-free gestures tests are satisfying. The results of the tests performed
at the laboratory are better than those performed in the users’ residence due to the light conditions
in the environment at users' residence which affected the tracking of the hand movements. The
confusion matrix for the tests that took place in the laboratory is illustrated in Table 7.9. The
average gesture detection percentage in the laboratory was 96.21%. The confusion matrix for the
tests that took place at the users’ residence is illustrated in Table 7.10. The average gesture
detection percentage at the users’ residence was 87.07%. The combined average gesture detection
percentage was 93.16%.

Table 7.10. The confusion matrix for the
users’ residence tests

Table 7.9. The confusion matrix for the
laboratory tests

L R|U|D]|C P L R|U|D]|C P
L [324| O 2 3 0 1 L [152| 2 4 6 0 1
R 0 [323| 3 2 0 2 R 1 150 5 7 0 2
U 2 3 [325| O 0 0 U 4 6 [154| O 1 0
D 3 2 0 [316| O 9 D 5 5 0O |[141| O | 14
C 5 3 2 6 [312| 2 C 9 3 4 |13 |134 | 2
P 4 3 0 [ 18| O |305 P 5 4 0 |25 ] 0 |131
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As it is illustrated in both matrices, there are no serious confusion cases. The most visible
confusion cases are between the toward down and the push commands. Another visible confusion
case is when a circle command is not performed right enough by the user, the command is
sometimes confused with the toward left or toward down commands.

The users appreciated very much the possibility to interact with the system through touch-
free commands especially when they don’t have a device with-touch enabled screen near them.
The users considered that the touch-free commands are easy to use. However, in the cases in which
both types of gesture commands can be used, 93.94% of users preferred to use the touch-based
commands while only 6.06% preferred to use the touch-free commands.

Beside the previous group of people, eight people aged between forty and fifty evaluated
the module on eight mobile phones: four Apple iPhone 7 and four Samsung Galaxy S7. They
appreciated the possibility to interact with the system through touch-based commands (single-
touch and multi-touch).

7.4. Emotion Module Evaluation

The emotion module of the interface has been evaluated by a group of twenty people aged
between fifty and sixty-five in the laboratory and by a group of ten people aged between fifty-five
and sixty-five in their residence. A Microsoft Kinect V2 sensor was used to track the facial
expression of the user in the offline mode of working, while a Logitech Socialize HD 1080 camera
was used to track the facial expression of the user in the online mode of working. During the tests
four emotions were evaluated: neutral, happiness, sadness and anger. Each user mimicked each
emotion ten times for each mode of working. Consequently, a total of 2400 interactions have been
performed. For each mode of working 1200 interactions from which 800 interactions were
performed in the laboratory and 400 interactions were performed at the users’ residence; 600
interactions were performed for each emotion, respectively 300, 200 and 100 interactions. The
results are listed in Table 7.11.

Table 7.11. Emotion recognition tests results

Emotion Online Mode Offline Mode
Neutral | Happy | Sad | Anger | Neutral | Happy | Sad | Anger
Laboratory
True Detection 188 197 184 182 181 188 176 174
False Detection 12 3 16 18 19 12 24 26
Detection Percentage (%)| 94 99 92 91 91 94 88 87
Users’ Residence
True Detection 90 95 87 81 86 94 78 73
False Detection 10 5 13 19 14 6 22 27
Detection Percentage (%)| 90 95 87 81 86 94 78 73
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The results of the emotion recognition tests are satisfying. The results of the tests performed
in the laboratory are better than those performed in the users’ residence due to the light conditions
in the environment at users' residence which affected the quality of the face recognition. The
confusion matrix for the tests that took place in the laboratory is illustrated in Table 7.12, while
the confusion matrix for the tests that took place at the users’ residence is illustrated in Table 7.13.
The average emotion detection percentage in the laboratory was 93.88% for the online mode of
working and 89.88% for the offline mode of working. Those average percentages at the users’
residence were 88.25% and 82.75% respectively. The combined average emotion detection
percentages were 92.00% and 87.50% respectively for the online and offline modes of working.

Table 7.12. The confusion matrix for the laboratory tests (A: online mode, B: offline mode)

A Neutral | Happy | Sad | Anger B Neutral | Happy | Sad | Anger
Neutral | 188 2 9 1 Neutral | 181 3 14 2
Happy 1 197 0 2 Happy 4 188 0 8

Sad 10 0 184 6 Sad 16 0 176 8
Anger 3 5 10 | 182 Anger ) ) 16 | 174

Table 7.13.The confusionmatrix forthe users 'residence tests(A:online mode, B: offlinemode)

A Neutral | Happy | Sad | Anger B Neutral | Happy | Sad | Anger
Neutral 90 2 6 2 Neutral 86 4 8 2
Happy 2 95 0 3 Happy 2 94 0 4

Sad 8 0 87 5 Sad 11 1 78 10
Anger 4 6 9 81 Anger 7 7 13 73

As illustrated in the four previous matrices, there are no serious confusion cases. The most
confusion cases are between the neutral and sad emotions as well as between anger and sad
emotions. The users found the capability of the system to recognize their emotions as an interesting
feature.

7.5. Features Evaluation

The personalization feature of the interface has been evaluated by a group of thirty people
aged between fifty and sixty-five in the laboratory. Before the beginning of each test, a professional
explained the different personalization capabilities that the interface has for each user. The
professional assisted the user during the test in which the user adjusted different options multiple
times. Each time the user changed one or multiple option(s), the user was checking the interface
to evaluate the changes that took place. At the end of each session the user has filled a questionnaire
regarding the importance of each personalization option that the user had tested. For each question,
the user answered with a score from 0 to 5 in which 5 represents an indispensable option and 0
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represents a useless option. The results of the personalization feature tests are satisfying. The users
appreciated the majority of the options that were tested very much. The average score for the
personalization options that were tested is 3.88, which is a good score. Moreover, if the two options
that were considered by the users useless are eliminated, the average score increases to 4.22, which
IS a great score. The users were satisfied with the customization results of all the tested options.

The automatic adaptation feature of the interface has been evaluated by a group of twelve
people aged between fifty-five and sixty-five in the laboratory. A professional assisted the user
during the tests and before the start of each test the professional explained to the user the features
that the user will test during the session. During the tests, each user evaluated the adaptation of the
interface according to his/her own profile, activity, emotional status and to the environment
conditions. Each user tested each of the previous adaptation cases five times. Consequently, a total
of 240 adaptation cases have been evaluated, 60 evaluations for each adaptation case. At the end
of each session the user filled a questionnaire regarding the importance of the tested adaptation
case. For each question, the user answered with a score from 0 to 5 in which 5 represents a must
have adaptive capability and O represents a useless adaptive capability. The users considered that
the adaptation according to the user profile and according to the environment conditions
(especially for the output type), as a must to have adaptive capabilities in the interface. They
considered that the adaptation according to the user activity is an extremely important adaptive
capability. Finally, they found that the adaptation according to the user emotional status is a
welcomed adaptive capability. The users appreciated the majority of the adaptive capabilities that
were tested very much. The average score for the adaptive capabilities that were tested by the users
is 4.50, which is a great score. In addition to the previous tests, the interface has been tested in the
laboratory on several platforms and on several devices that have different screen sizes: computers
with and without touch-enabled screens and smartphones. The interface was fully responsive and
compatible across all the tested devices and platforms. The adaptation according to the
configuration of the system has been tested in the laboratory by changing the configuration of the
system that integrates the interface, but also by integrating the interface into two other AAL
systems that have similar functionalities: the IONIS system presented in [74] and the Mobile@Old
system presented in [75]. The functionalities that were disabled in the initial system or those that
were not integrated into the new systems, disappeared automatically from the interface together
with all the related information and features. The results of the different automatic adaptation
features tests are satisfying.

7.6. Whole Interface Evaluation

The interface has been evaluated by a group of ten people aged between fifty-five and
sixty-five in the laboratory. Those people have never interacted with the system before and they
did not participate in the tests of any feature or module that are implicated in this evaluation. In
this evaluation, the different modules and features of the interface were integrated and tested
together as a single solution.

34



At the beginning of the evaluation of each module or feature, a professional explained to
the users the functionalities of the module or feature and clarified any uncertain situation for the
user. The professional was always present during the evaluation of the different modules.

Each user evaluated the graphical user interface and the touch-based gestures on a
computer with touch-enabled screen and on tablet (Apple iPads with 9.7-inch screen size or
Samsung Galaxy Tab 4).

After that, each user evaluated on a big screen the touch-free gestures using a Microsoft
Kinect V2 sensor. For this evaluation, the users gave different touch-free gesture commands to the
system and repeated during a physical exercise session the movement of the trainer avatar.

After the evaluation of the touch-free gestures, each user tested the voice module by using
a Plantronics Voyager 5200 UC microphone. All the users tested the voice module for the
Romanian language. Then, for both modes of working of the voice module, half of the users tested
the English language while the other half tested the French language. To reduce the time of the
test, the online mode of working was tested just by using the Microsoft speech-to-text service as
the ASR solution for the French and English languages, the Google speech-to-text service as the
ASR solution for the Romanian language, the Microsoft text-to-speech service as the TTS solution
for the French and English languages and the Google text-to-speech service as the TTS solution
for the Romanian language.

After the evaluation of the voice module, each user tested the two modes of working for
the emotion module by using a Logitech Socialize HD 1080 camera for the online mode of working
and a Microsoft Kinect V2 sensor for the offline mode of working.

After the evaluation of the emotion module, each user evaluated the different adaptive
capabilities of the interface. The evaluation procedure is similar to the procedure followed during
the automatic adaptation evaluation session which was already described earlier.

After the evaluation of the adaptive capabilities, the users have interacted with the system
through the Pepper robot as illustrated in Figure 7.1. They used the speech and touch commands
to interact with Pepper. It was noticeable that the users were hesitating to interact with Pepper and
the majority of the users that participated in this test disliked the idea to have a robot at their
residence.

Then, the users were left to interact with the system through all the available modalities
and in the way that they want. The users combined different input modalities to achieve a specific
task. At the end, each user filled a questionnaire regarding the results, which are satisfying and
similar to the results obtained during the evaluation sessions of each module and feature. Having
the whole interface tested as a single solution assured the integrity of the interface and allowed the
extraction of some useful information such as the preferred ways of interaction for the users, as
illustrated in Figure 7.2 and the users’ acceptance of the interface depending on the generated
output types, as illustrated in Figure 7.3.
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Chapter 8

Conclusions

This chapter concludes the work presented in the thesis.

The work in this thesis has resulted in the creation of a multimodal interface that can be
integrated mainly to active and assisted living systems, but also to other kind of systems. The
multimodal interface integrates a graphical user interface, a voice module, an emotion module and
a gesture module that supports touch-based and touch-free gestures. The multimodal interface is
multilingual, it works independently of any device or any operating system. Lastly, it integrates
different automatic adaptive capabilities and customizable features.

In addition, the thesis provided an overview around the ambient intelligence field, the
active and assisted living sector, and the CAMI project. This thesis also provided a detailed state
of the art around the human-machine interaction field and the active and assisted living sector.
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In what follows, a summary of our contributions is listed:

Firstly, the creation of a multimodal interface for an active and assisted living system,
that integrates four modules and that works across the different devices and platforms.
Usually the active and assisted living systems integrates a multimodal interface that
integrates two modules or a traditional interface.

Creating the possibility for the user to switch the mode of working for the speech and
emotion modules between the Online and Offline. Usually those modules have a single
mode of working in different systems.

Creating the possibility for the user to choose what speech recognition and speech
synthesis solutions he/she wants to use for the online mode of working for the speech
module. Usually a default choice is only available on the other systems.

Enabling the speech interactions with the active and assisted living for the Romanian
language. No other active and assisted living system supported the speech interactions
for the Romanian language.

Creating a wide range of adaptive features for the interface (automatic adaptive
capabilities and customizable features). Usually, the systems integrate limited adaptive
capabilities.

Creating an emotion recognition module that makes recommendations regarding the
physical exercises that a user should practice based on the emotional status of the user
during each previous practice.

Creating a portable interface that can be mainly integrated to active and assisted living
systems, but also to other kind of systems. The multimodal interfaces are usually
not portable.

Creating the possibility for the interface to automatically communicate the preferences
of the user to any 3" party application that can be customized according to the user
preferences.

Testing extensively the different modules and features of the interface as stand-alone
solution, but also integrated together into a single solution with an important number
of users.

Lastly, creating a set of rules that deal with the contradictory commands that are
received at the same time. The set of rules also contains rules to ensure that any actions
that are contradictory with any parameter that was set up by the caregiver is not
executed despite the wide range of the automatic adaptive capabilities and the
customizable features.
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Many tasks are envisaged for the near future:

At the beginning, the current implementation for the offline mode of working of
the emotion module and of the touch-free gesture submodule depends on the
presence of the Microsoft Kinect V2 sensor, the first envisaged task is to modify
the implementation of the previous module and submodule such that the
dependency on the Microsoft Sensor V2 is removed.

Another planned task that targets to improve the implementation of the emotion
module is to add to the capability to recognize the emotion from the voice of the
user. The implementation will extract, in addition to the features of the user’s facial
expression, features from the user’s voice to improve the emotion detection, but
also to rely only on the voice of the user to detect the user’s emotion in the cases in
which the face of the user is not trackable by the system.

Another envisaged task is composed of three stages and it targets the offline mode
of working of the speech module: on the first stage, the work targets to improve the
performance of the automatic speech recognition and the text-to-speech
components; in the second stage, the work targets to extend the number of the
recognized commands (to match those recognized in the online mode of working);
while in the third stage, the work targets to add the support of the Romanian
language (and maybe other languages).

Another planned task is to enhance the implementation of the fusion engine by
taking into account the contextual information that can be extracted from the
environment.

Another planned task is to enhance the implementation of the fusion engine by
taking into account the contextual information that can be extracted from the
environment, as well as to benefit more from the emotion module.

Last but not least, an envisaged task is to automatically identify the users through
their voices and/or faces in the cases of the active and assisted living systems or
any systems that are used by multiple users, once the user is identified, the interface
will have access to the information that is related to the identified user and it will
adapt itself according to the preferences of the identified user.
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