N

N

On quality of experience (QoE) for multimedia services
in communication ecosystem
Khalil Ur Rehman Laghari

» To cite this version:

Khalil Ur Rehman Laghari. On quality of experience (QoE) for multimedia services in communica-
tion ecosystem. Architecture, space management. Institut National des Télécommunications, 2012.
English. NNT: 2012TELE000S . tel-00873612

HAL Id: tel-00873612
https://theses.hal.science/tel-00873612
Submitted on 16 Oct 2013

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://theses.hal.science/tel-00873612
https://hal.archives-ouvertes.fr

TELECOM

Management

SudParls Ecole Doctorale EDITE

These présentée pour I'obtention du dipléme de
Docteur de Télécom SudParis

Doctorat conjoinfTélécom SudParis- Université Pierre et Marie Curie

Spécialité : Informatique et Télécommunications

Par Khalil ur Rehman LAGHARI

On Quality of Experience (QoE) for Multimedia Services in
Communication Ecosystem

Soutenue le 30 Avril 2012\@mt le jury composé de :

Mika Ylianttila Professeur a University Oulu, Finlande Président
Peter Reichl Key Researcher a FTW, Autriche Rapporur
Luigi Lancieri Professeur a 'université de Universté des Rapporteur

Sciences et Technologies de Lille
Massih Reza Amini Maitre de conférences (HDR) a Pig VI Examinateur
Kay Connelly Associate Professeur a Indiana Examinatrice

University aux Etats unis

Imen Grida Ben Ingénieure a Orange Labs France Examinatrice
Yahia
Noel CRESPI Directeur d’Etudes, a TélécomuslParis Directeur de These

Thése n° 2012TELE0O0OS



Page 2



INSTITUT MINES-TELECOM

mEit
INSTITUT
Mines-Télécom

On QoE For Multimedia Services In
Communication Ecosystem

Concepts, Methods, Evaluation and Development

Khalil ur Rehman Laghari
4/30/2012

Thése n° 2012TELEO00S8

Page 3



Page 4



Dedication

In the loving memory of my late fathgluhammed Jurial Laghariand my sweet
uncleHafiz Imdad Laghariwho were my guiding light, great source of inspoa, love
and support. | dedicate my research work to theay Mey rest in Peace!

Page 5



Page 6



“Let us be grateful to people
who make us happy;

they are the charming gardeners
who make our souls blossom”

Acknowledgments Marcel Proust ench Novel

This thesis is a result of my research journeynatitute Telecom SudParis Evry France. Along that
journey, | have met and worked with a number afedlent people, who, believing in me, on a smailer

a larger scale motivated me to unlock my potenti#luenced me and hence my thesis work. | am
indebted to all of them for their support and caagien; however, given the limits of this documdram
able to mention only some of them.

First of all, | owe my deepest gratitude to my Jikalirector and supervisor Professor Noel Craapi f
giving all the support, encouragement, guidancefagetiom one could wish for.

At initial phase of my PhD days, | was extraordilyaiortunate working with Dr. Imen Ben Yahya Grida
she not only guided me but also encouraged medel ,exspecially her trust in my ability made me kvor
even harder and better. Mastering fundamental eggiscwas not possible without her support and
guidance. Recently, we also collaborated to studgiange’s VolP and Telephony customer data.

During my PhD, | collaborated with various expeatsl It gives me an immense pleasure to thank all
those wonderful people who made this thesis plesdibst of all, | would like to thank Mansoor Hgd
and Christian Hoene (Tubingen University Germany)orked with them on QoE for 3D audio
teleconferencing service. The collaboration workrictlied me with knowledge on 3D Audio
Teleconferencing system and saved my time in cdimtuseparate QoE study on understanding the
impact of virtual environment on QoE. | would alge to show my gratitude to my coauthors Dr. Kay
Connelly (Indiana University USA), Dr. Benjamin Muh (Universidad Politécnica de ValenciaValencia,
Spain), and S.H Newaz (KAIST Korea) for their vddigainputs on our joint research and paper writing
work.

| am also grateful to my friends Junaid Shaikh (BSWeden), Saadia Iftikhar (Imperial College London)
Farhan Hyder (Supelec France) for being such iimgpfriends from whom | learned various things. And

| also thank my colleagues Imran Khan, Bachir Chihdung Pham; they have made available their
valuable support in a number of ways. | deeply eppte the help of Reza Farahbakhsh in my thesis
formatting and structuring work.

| would also like to thank secretary of RS2M Depeatt Valerie Mateus; she was always very kind and
generous in helping me to solve tedious adminiggatorks.

With profound love and respect, | thank my Motha&khtar begum, and my eldest sister, Naila who
always boosted me with encouragement to achievadhemile stones in my life. | also thank restrof
family Aziz ur Rehman, Shabnam, A.Ghafoor, Dr. RefvAmbar and Samar for their care, love and
enormous support. | left my tiniest but beautifillage Saindad Laghari in Sindh Pakistan for mgkin
this dream of higher education (PhD degree) cooe 1t was made possible because of support ard lov
from my family.

Lastly, | offer my regards and blessings to alltlebse who supported me in any respect during the
completion of the thesis work.

Khalil Laghari
14 February 2012

Page 7



Page 8



Abstract

Today, the fulfillment of customer demands and @sgrerience requirements are becoming
the main differentiators for gauging the effectiges of telecom operators and service providers.
In this competitive market, poor Quality of Expee (QoE) leads to a chain reaction of
negative word of mouth, pushing customers intoattmes of waiting competitors. Therefore it is
important for service providers to ensure supegaality of experience in order to avoid
customer disloyalty and negative reputation. QoE ifast emerging multi-disciplinary field
focused on understanding overall human quality irequents from different angles such as
technology, business and context of use. The dinst foremost challenge is to understand how
different influencing characteristics related tesimess, technology, and context influence human
behavior.

In this thesis, initial work addresses this chajkef understanding the influence of disparate
domains on QOE. A consolidated QOE interaction rhasleproposed which links disparate
domains (human, business, technology, and context)nderstand overall human quality of
experience requirements. Then taxonomy is presdot€@oE interaction model.

Second contribution in this thesis is based orfiteeand its main objective is to capture and
analyze QoE data through user studies. Based ondada, the influence of technological,
contextual and business parameters on QoE areatedluDifferent multimedia services were
selected for user study such as video streamingcsertelephony (VolP and PSTN), and 3D
audio teleconferencing service. Depending upon imattia service, different aspects were
considered during each user study such as typesiltimedia service parameters (QoS, content,
context), the types of QOE metrics (subjectivegobye cognitive or both), human characteristics
(age, gender etc), and human roles (user, or cesjoifhese findings help in understanding the

link between QoE and other influencing domains.

The third contribution is based upon ongoing wofkdeveloping QoE based tools for video
streaming services. Two QoE based tools for thesassent of multimedia services have been
presented in this thesis, their main functionstareapture, analyze and report QoE metrics in
real time. These QOE tools are useful for real tneasurement of QOE metrics.
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Résumé de la Théseen Francais

1. 1. Contexte

Avec les progrés technologiques rapides, il ya ee prolifération de systemes nouveaux et
innovants, services, applications et périphériquasr utilisateur final. Concepts de gestion de
réseau sont également en pleine évolution, et dadgmes autonomes de gestion de réseau
aspirent a faire de 'homme-comme l'intelligenaiea taches de gestion des télécommunications
[1]. Merci a ces progrés techniques, la réalisaties exigences du client et les exigences de
I'expérience utilisateur sont devenus les principaiifférenciateurs pour l'efficacité des
opérateurs télécoms et les fournisseurs de sendcgsme par rapport a la consommation
enquéte mondiale 2011 pour des services multimd@ias| a été signalé que la moitié des
clients du monde entier cité la «qualité» que Bugence de haut. En outre, les clients sont préts
a payer pour une meilleure qualité de I'expériemger les services multimédias [3], mais si les
fournisseurs de services multimédias ne parvienpasta fournir une qualité promise, ce qui
conduira a une réaction en chaine de la paroleinégte la bouche, comme indiqué dans [4] que
sur les moyennes pres de neuf sur 10 clients @am®hde dit que les gens autour d'eux au sujet
de leurs mauvaises expériences. Et cette expéréelacelientéle pauvre reste le numéro un effort

de poussée clients dans les bras de concurreatseeite.

Objectif fournisseurs de services multimédia estall une croissance soutenue. La clé d'une
croissance soutenue est dans un exemple d'engaigémelnent fiable pour attirer de nouveaux
clients ainsi que de fidéliser les clients existajg]. Le Sondage aupres des consommateurs
Connecté 2012 [6] rapporte que «... le marché é@emopet aux Etats-Unis pour de nombreux
services de téléecommunications et des medias de-besmme le haut débit fixe, la voix et la
télévision payante - est de saturer. En conséquémaatisfaction du client et de rétention - qui

ont toujours joué un réle important - sont deverurasiales ".

Malgré la solidité et la qualité technologique, lesultats surprenants rapportés dans
I'enquéte [5], que seule 1/4eme de clients restentclients fideles. Les clients 2/3rd passer d'un
opérateur en raison d'un service a la clientéle/meaet clients outre 44% ont dit, leur attente est

plus élevé que I'an dernier. Cela signifie la $atison n'est pas suffisant pour fidéliser le djen

! Note: Translation is done with the help of Google Tratwla
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il est effectivement d'anticiper et de comprend¥e attentes des clients, des besoins et des
comportements celles-ci sont en constante évolgide déplacement a un rythme toujours plus
rapide, entrainée par les possibilités apparemriemitées des services, des applications
multimédias, des dispositifs et de colis. Pour mésy tant du point technologique et commerciale
de vue, le conducteur principal est un client lisstieur. Pour une croissance soutenue et de
l'innovation technologique, le client / l'utilisatedoit étre centrée sur fait la priorité absolue.
Quelques citations de spécialistes de l'indusbig donnés ci-dessous pour voir leur mot a dire

sur I'expérience client.

"Il n'y a qu'un seul patron. Le client. Et il petirer tout le monde dans la société du

président sur le bas, tout simplement en dépessanargent ailleurs.”

a8 Walton, Walmart [7]
"Dans le monde de l'Internet, il est importantvdes souvenir de votre concurrent est un seul

clic de souris.”
Doug Warner [7]
"Vos clients attendent de votre ensemble de laifm#r a tourner autour d'eux."
SAP Annonce

Il a donc, est devenu tres essentiel de comprdiname des exigences de qualité centrés
sur, et a cet effet le terme de qualité de I'exxmee (QOE) a été inventé. QoE est une approche
multidisciplinaire fondée sur la psychologie sogjadciences cognitives, I'économie et sciences
de lingénieur, axée sur la compréhension globaks dxigences de qualité de
I'hnomme. Traditionnellement, basés sur la technelagproches basées sur la qualité de service
(QoS) des parametres ont été utilisés pour evidugualité des services multimédias offerts aux
utilisateurs finaux. QoE élargit cet horizon powpturer l'esthétique des gens et méme des
besoins hédoniques. QoE fournit une évaluation atestes de I'homme, les sentiments, les
perceptions, la cognition et I'acceptation a I'dgde quelques produits particuliers, des services

ou des applications [8].

QOE est complexe approche multidisciplinaire, @uss technologique, les entreprises et les

facteurs contextuels [9] pourrait affecter QOE camhe montre la figure 1. Les aspects
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technologiques, tels que;dnctions de service, des fonctionnalitde périphériques d
utilisateurs finaux et les pamétres Qa peuvent influer sur les sentimts et la perception d'
utilisateur.De méme, les ascts commerciaux, par exemple, service clientéle, des offres ¢
services, le colt, la promot et I'image de marque peut aussi inciter:lients a développer ¢
sentiments positifs et / ou gatifs sur la qualit La recherche en psyclogie du comportemel
humain prouve égalementie la variation dans le contexte et leszcts environnemental
influencent également le ciportement humain [1( Par conséquentfia de comprendre et ¢
mesurer les besoins QOE Ir les services multimédias, il est impor de savoir l'interactio
entre I'humain, la technolog des affaires et le contexte ainsi que leutt sur la QoE

Context

QoE
Figure 1:Diagramme conceptuel de QoE&tteurs d'influene

En bref,nous pouvons isume que les clientst les utilisateurs finax sont effectivement la
force motricederriere le scce:et /ou I'échec dmut produit ou ervice Aujourdhui, les
clients sonde plus en plusla demande sur MRualité des service multimédias
et d'applicationsze qui nécssittde combler le fossé entre ce de® clients veule et ce
qu'ils expérience. 3¢s founisseurs de servic multimédiasaspirent 2 devenir leaders ¢
marché en offrant un servide haute quali a leurs clients)s ont bescn pou comprendre les
exigences QoE utilisateet limplication de¢la mauvaise qualitde I'expériencisur leur propre
base de clients et de letnoissance future rental. Par conséquent, pr conserver les clients
existants et de les rendidele:, un service doit étre congu et exécsié la base d points de
repere de la QoE.

1. 2. Définitions de QoE
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Nous présentons quelques définitions de montremneamh cette notion de « QOE » est réellement

vu par des personnes différentes.

I. Extension de la notion de Qo0S: "QOE a été définmme une extension de la
traditionnelle qualité de service dans le sens ok @urnit des informations concernant
les services fournis a partir d'un point de I'séiteur final de vue”. [18]

[I.  Convivialité que QoE: "QoE est de savoir commentutitisateur percoit l'utilité d'un
service lorsqu'il est utilisé- le degré de satisfer; il / elle est avec un service en termes
de, par exemple, la convivialité, l'accessibiligtainability et d'intégrité». [19]

ll.  QOE pour Business: ". La qualité de l'expériencen dtlient avec les entreprises
dépendent de la conception réfléchie de sites Wesbprocessus rationalisés qui sont
congus pour rendre le travail du client plus fadis politiques soigneusement respectes,
bon service client et une excellente exécutionatp#rnelle» [ 20]

IV. Degré de Joie comme QoE: "QoE décrit le degré dasiplde I'utilisateur d'un service,
influenceé par le contenu, réseau, périphériqugdicgtions aux attentes des utilisateurs et
des objectifs, et le contexte de l'utilisation"1].2

V. L'expérience subjective de I'homme en tant QoE:L'acceptabilité globale d'une
application ou un service, tel qu'il est percu satlyement par I'utilisateur final» [22]

VI.  L'expérience subjective humaine et de I'objectifgfdtive) des facteurs humains QOoE:
"QOE est un ensemble de facteurs humains centuéda base de I'homme subjectifs et
objectifs aspects cognitifs liés a l'interactionn# personne avec la technologie et avec
des entités commerciales dans un contexte pagioyl8 ].

Premieres trois définitions de la QOE sont plusliees a un domaine particulier. Ces
définitions QoE lien avec QoS, HCI et métriques ffdiees, respectivement. QOE est
multidisciplinaire terrain, les parties prenantéia de définir différents QoE selon leurs propres
besoins et de la compréhension. Il y avait une ssiiged'avoir une certaine discipline générale-
agnostique définition qui inclut les aspects psyotigues de I'homme. Définitions IV & V bien
servir ce but car ils englobent tous les aspectessaires qui ont un impact de la subjectivité
humaine. Cependant, au fil du temps, il a égalerapptis qu'en plus de I'homme des facteurs
subjectifs, il ya aussi des facteurs objectifs'derhme (par exemple, les aspects physiologiques
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et cognitives) qui ont également un impact QoEpBur rendre plus compléete et QoE
potentiellement plus valide, il est nécessairectlire les facteurs humains objectives avec
subjectives mesures psychologiques [8] [14]. Alagiéfinition VI est une nouvelle définition de
QoE qui comprend les deux aspects de I'nomme difbjecet objectifs.
Comme QoE devient maturité au fil du temps, demiigins plus détaillées et exhaustives font
leur apparition pour mieux comprendre la notion QBEcette tendance se poursuivra a l'avenir
aussi, jusqu'a ce QoE atteint sa maturité compigtesuivant, il est discuté comment la notion
QOE est entendu ou qui sont traités dans les diités disciplines. Dans la section suivante, la

motivation pour ce travail de recherche est présent

1. 3. Motivation

Les services multimédias sont un des principauxemrst de la TIC d'affaires actuel.
Communication multimédia se référe a l'informati@na machine transformés exprimée en
Médias multiples, tels que du texte, la voix, despbiques, des données d'image, audio, vidéo et
interactif. En raison des avancées technologigues, services multimédias comme la
téléconférence, VolP, streaming vidéo, e-learni@ganté, et e-business sont en croissance
significative. Pour leur évaluation, I'approche Qudtirrait étre utilisé pour fournir a la clientele
et / ou l'utilisateur final en perspective sur lalifé offerte. Dans ce marché fardée, elle est une
tache essentielle pour le fournisseur de servicedtimédias pour fournir des services
multimédias avec QoOE supérieure afin de consemers|clients et maintenir leur avantage
concurrentiel. Un QoE supérieure multimédia seuiradpar des clients satisfaits, ce qui conduit

a une perception positive du marché et de l'imagearque pour le mieux.

Si un service ou un produit est congu sur les epée la QoE, il génere éventuellement
bouche a oreille positif et "wow" facteur pour @tide nouveaux clients et satisfaire les clients
existants. Par conséquent, l'acceptation largenépaindue, ce n'est pas seulement important de
concevoir des services multimédia sur les repéeek QoE, mais les fournisseurs de services

devraient également fournir des services aux epdsieistomers avec QOE supérieure.

Cependant, il ya des défis suivants et les gow@tsanglement a traiter afin d'obtenir QoE

totale pour les services multimédias comme déedessous:
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1. Au stade de la conception, les questions fondaresndai doivent étre abordées sont
les suivantes: Est-il besoin de changeur de paraide la qualité de service a la
QOE? Et quels sont les autres caractéristiques rianies de domaine multi-
disciplinaires qui pourraient influencer QoOE huneairet d'ailleurs, comment
développer une approche holistique et le modéle QEHrée basée sur ces domaines
disparates?

2. Sont des paramétres de QoS seuls facteurs quiemflsur le contexte et les
entreprises ou metrique pourrait également inflweda QoE humaine.

3. Comment faire usage de théories psychologiques @ie¢ Technology Acceptance
Model (TAM), la théorie du comportement planifiéRB)) pour QoE?

4. Le comportement humain est aléatoire et subjedtiaes la nature, la facon de
quantifier la subjectivité humaine? Quelle techeiguour étre utilisé pour mesurer la
QOE, par exemple pour des services multimédia,estuglir les utilisateurs ou les
techniques d'inférence objectives?

5. Quel environnement de test et d'essai mis en plageaient étre sélectionné pour
I'étude, par exemple l'utilisateur, de laboratowede I'environnement naturel?

6. Est-QoE seulement un facteur subjectif? Ou destdiastobjectifs de 'hnomme par
exemple, la physiologie humaine et les facteursnitifg pourrait également étre
utilisé pour QoE de référence?

7. Est-QoE unique mondial adapté métrique pour chadjlisateur ou si nous devons
modérer QOE basée sur les données démographiqlieerdene et le contexte?

8. Quelle technique a utiliser pour l'analyse des @éesn quantitative ou qualitative?
Paramétrique ou non parameétrique, etc?

9. Pouvons-nous exploiter les résultats QoE de dépelopertains cadres QOE ou des

outils?

Cette thése est une tentative tout a répondre défesset maintenant une bréve description

est donnée de discuter de ces défis.
1. 3. 1. Vue conceptuel sur QoE

Changement de paradigme est nécessaire: Les approthditionnelles pour assurer la

qualité  etla  satisfaction des  utilisateurs sost deapproches centrées  surla
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technologie QoS basés. Depuis, la qualité de serejgose davantage sur les parametres de la
couche réseau et I'application, il est donc inclpale satisfaire les clients et / ou besoins des
utilisateurs finaux. Les solutions existantes a ebas de QoS
pour Internet sont DiffServ IP, IP Intservils  peavgarantir I'affectation des ressources
cependant, les garanties de service ne suffisesta ppromettre une qualité supérieure de
I'expérience [11]. Comme les évaluations de qualtié service de qualité & base ont
souvent constaté que grossierement inexact de reféipérience utilisateur, et en tant que
telle ne sont pas applicables a I'évaluation dgualité multimédia [12]. Par conséquent, il est
nécessaire de changer la direction de centrée  asur | technologie QoS

afin approche QOE humaine centrée.

Importance des facteurs d'influence: En plus déglehnologie, il ya des entreprises et
caractéristiques du domaine de contexte qui pdurgissiinfluencer le comportement
humain, donc la qualité de service n'est pas srubtéristique influencer le comportement
humain, mais pourrait étre influencée par de nombneterne (facteurs subjectifs et objectifs les
facteurs cognitifs, etc ) et externes (entrepridescontexte) les facteurs [9]. Ainsi, pour une
approche holistigue et une compréhension concédptdel la QOE totale pour les services
multimédias dans I'écosysteme de  communication,élst nécessaire de QOE modele

considérant l'influence de tous ces facteurs ieegt externes.
1. 3. 2. La complexité d'analyse de QoE

Une fois sur la compréhension conceptuelle QoBaegta fait clair, il est nécessaire pour
mesurer et analyser les facteurs QoE pour lesrdifté services multimédias. Mais il est assez
complexe a saisir métriques QoE compte de l'infleethe tous ces facteurs internes et externes
en méme temps. Nous devons répondre a certainesiange importantes liées a la QoE de

mesure et d'analyse tel que décrit ci-dessous.

La subjectivité humaine: Le défi important estdiéaléatoire du comportement humain; tous
les étres humains ont des préférences similaires,sdntiments ou perceptions au sujet d'un
service patrticulier et, en outre, leur perceptidries préférences changent continuellement au
cours du temps. Généralement les paramétres deeQd&ffaires sont facilement contrblés et

fabriqués en raison de leur nature quantitatives imae les perceptions et les sentiments humains
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sont par nature subjective et les niveaux d'atteatient entre les utilisateurs, par consequent, il

est difficile de quantifier et de mesurer avec ékaae la QoE.

Etudes utilisateur vs inférence indirecte (Obje€ioS) méthode: Pour capturer QoE
subjective (perceptions, des sentiments, etckigte deux méthodes principales: I'une consiste a
mener des études sur les utilisateurs, les sondageés des clients et des interviews et un autre
est une version plus ingénierie qui sous-entend @otafic sur le réseau de données collectées
ou QoS basés sur une certaine estimation ou ddsod&s de préevision. Méthode subjective
prend du temps mais il fournit des résultats plécip, alors que les méthodes indirectes sont
moins de temps, mais leur précision est toujourendante de la méthode de prédiction et
d'ailleurs ils sont axés sur des données de quidiservice seulement. Ills peuvent aussi manquer
l'influence d'autres informations importantes éelfjue contextuelle, d'affaires, etc attentes) qui
pourraient étre recueillies au moyen d'enquétebéaides de I'utilisateur. La deuxieme partie de

la these est basée sur des études d'évaluatiavEes@pjectives données.

Etude utilisateur dans laboratoire ou dans I'enviement naturel : Certains experts estiment
gue, comme l'installation de laboratoire ne foupas un sens de I'environnement réel, il peut
manquer de produire exactement les perceptionta®ine ou des sentiments [13]. Mais d'autre
part, test de laboratoire permet une plus grane@sibilité pour controler les facteurs
d'influence. Chapitre 5, et 7, de cette theseetrdét laboratoire a base de résultats de I'étude des
utilisateurs, tandis que le chapitre 6 est basé'esypérience de I'environnement naturel de vrais

clients.

Les facteurs de I'hnomme QoE Objectif: des factebjectifs de 'homme sont liés a la
physiologie humaine et cognitive du systéme [14][89. Contrairement & I'homme des facteurs
subjectifs, les facteurs les plus objectifs sont rdgure quantitative et ils fournissent des
informations précises sur la cognition humaineagthysiologie (voir chapitre 2, 3 et 4 pour plus
de détails). Dans le chapitre 7, un facteur QoEeailfjest inventé et son évaluation est présentée

a I'égard de son homologue QOE subjective.

QoE mondiale métrique métrique ou segmentée: @egaies conclusions basées sur QoE
peut étre globale ou universellement similaire polaque utilisateur, mais certainement pas
tous, par conséquent devrait étre modéré QoE Imasédifférents groupes d'age, le sexe, et les

facteurs sociaux? [9].
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Systeme d'évaluation qualitative vs quantitatives technigques d'évaluation quantitatives
travaillé sur des données numériques et statigideégimes qualitatives sont utilisées pour
analyser les comportements verbales telles quentgs et les commentaires des utilisateurs et
non des chiffres [15]. Régimes quantitatives sargdment utilisés pour ['évaluation des
techniques, car ils sont faciles et peuvent preddes résultats concrets, tandis que les données
gualitatives sont difficiles a code et elles sonmssa difficles a déduire des informations
significatives de leur part [16].Cependant, avedange succes du Web2.0, les commentaires des
utilisateurs sur les médias sociaux ont augmenkgsattgimes donc qualitatives sont également

obtenir plus d'attention maintenant.

Outil de développement basé sur QdEexiste de nombreux outils disponibles pour mesur
les parametres de qualité de service, mais Qobuls spécifiques ne sont guére disponibles
pour la mesure et I'évaluation des données deéfexre utilisateur / client, probablement en
raison de la complexité liés a la QoE des donnéleque discuté précédemment. Certains des
problemes importants sont le manque d'intérét desateurs en donnant leurs commentaires, la
subjectivité humaine, le colt de la objectives desls physiologiques, et I'étude du temps et
processus d'évaluation. Certaines entreprises aninencé a développer des outils basés sur
QoE mais ils se concentrent essentiellement shjettf de qualité de service / QoE des facteurs
tels que I'évaluation perceptive de la qualité \®¢RESQ) technique [17] et le pic de rapport
signal sur bruit (PSNR).

Dans la prochaine section, les contributions deedbese sont présentées, qui sont axés sur

la résolution de certains défis de la recherchegmt&s dans cette section.
1. 4. Contribution de la Thése

Les contributions de cette these pourraient étriséls en trois parties.
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Figure 2: Contribution

1. Proposer un modele holitigue QoE: Dans la premiere étape, il esiportant de comprend
la grande image de QOE di les différents facteurs internes et externai pourraient influer st
le comportement humai®.our obtenir une vue holistique de la QoE, it essentiel de réunir |
acteurs de I'écosysteme demmunication disparates (humaines, la tellogie, des affires et le

contexte), ainsi que d'uneaniere systémique, comme le montre legure 3. Et la figure
propose une interconnexiomtre parametres des modéle G
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Figure 3. Modéle QoE

Modéles en sciences :iales tentent d'établir des relaticcausals entre la prévision
variables de résultats [67] |] [48]. De méme, nous divisons tous les eurs en trois catégori
principales: i) les facteurs dorédiction (ii) les facteurs résultats et leseurs de modération (i
(cf. Figure 3).

Prediction Factors
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Moderation Process
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Figure 4. Interaction interdomaine
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Facteurs de prédiction sont aussi appelés indépenaa facteurs d'influence, et ils sont
utilisés pour expliquer ou de prédire les changasmeéians les facteurs de résultats. Dans un
ecosystéeme de communication, nous avons trois @&stemble de facteurs qui pourraient
affecter la prédication QOE tels que les caradtguiss technologiques, les caractéristiques des
entreprises et des caractéristiques contextuéléeteurs de résultats, également appelés facteurs
dépendants de facteurs ou QOE, sont basés sumhdacteurs subjectifs et objectifs. QOE est
un ensemble de facteurs de résultats dans un éeo®ysle communication qui sont entrainés par
des facteurs d'influence. Une autre catégorie estfacteurs de modération, ils représentent un
ensemble de facteurs qui influent sur la direcgon ou la force de la relation entre les facteurs
de prédiction et les facteurs de résultats. Exesngke facteurs de modération sont humains
attributs démographiques (par exemple, I'age, e &t le revenu), les réles de I'hnomme (par
exemple, le client, l'utilisateur) et le contexpan exemple, I'emplacement).Le contexte est un
domaine délicat car il pourrait étre un facteurpadédiction (par exemple, la pression sociale
percue influence d'une personne a accomplir ou paseexécuter le comportement [49]) ou un
facteur de modération (par exemple, les donnédsatiéiur peuvent également étre classés

selon l'utilisateur I'emplacement).

Une relation de causalité est une «cause-effetxle@facteurs de prédiction directement
influer sur les facteurs de résultats. Par exemplajégradation des parametres QoS pour le
service VoD pourrait causer une géne pour |'utdiga (dégradation de la QOE). Cela signifie
gu'il ya relation directe de cause a effet entr@ldgradation de la qualité de service et de la
réaction humaine. Un processus de médiation egirocessus d'intervenir et il se réfere a la
situation ou un autre facteur a un effet indiregt & relation de causalité directe entre la
prédiction et les variables de résultat.

Géne l'utilisateur n'est pas uniquement causéédaiase de la QoS d'un service de VoD. Par
exemple, lorsque les baisses de qualité de semwicatilisateur peut ou ne peut pas étre ennuyé

selon les caractéristiques des entreprises, ctist 8i elles payer pour un service ou non.

Ainsi, il est reconnu dans notre modele qu'il peavoir une relation ou une association entre les

aspects commerciaux, technologiques et contextuetiai influencent indirectement le
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comportement humain. S'il n'ya pas de médiatioredas domaines, une relation un-a-téte direct

est établi, par exemple, comme indiqué dans leitkdy une relation QOE-QoS est établi.

La modération est un processus qui pourrait altérdorce d'une relation causale.Attributs de
I'hnomme (&ge, sexe) et les réles de I'hnomme (cbenkutilisateur) sont considérés comme des
facteurs modérateurs qui pourraient altérer lacfate la relation de cause a effet. Par exemple,
les personnes appartenant a différents groupes giégrent avoir différents niveaux de tolérance
a la dégradation de la qualité de service.Ou uentlgui achéte un service de VoD a une
exigence QoE différent de celui d'un utilisateur gfilise un service de VoD gratuite, donc un
des segments de processus de modération ou indigeufacteur QOE globale en sous-
catégories basées sur I'age, le sexe, l'utilisaiautes roles des clients, etc Contrairement a la
médiation , il n'est pas nécessaire pour les fextda prédiction et les facteurs de modération
pour étre corrélés et que la corrélation n'a pas ioterprétation particuliere. Toutefois, si les
facteurs de prédiction et les facteurs de modératamt trop fortement corrélés, il peut y avoir
des problemes d'estimation [67]. Pour plus de Wétir la modération et de médiation des

variables, le travail [67] [68] pourrait étre rery¢o

La relation de causalité entre les facteurs deigiéd et les facteurs de QOE est un lien
permanent, alors que le processus de médiatiore ehatlération sont facultatifs et ils sont
instanciés encas plus de précision et en profondievue sur QOE est nécessaire. L’équation (i)
présente  une relation simplifiée entre les carstigues de  domaine.
QOE totale (facteurs de modération) = effet dir@ecteurs de prédiction) + Effet indirect

(Facteurs médiateurs) (i)

Par conséquent, la motivation est de répondred&iten proposant un modele conceptuel et
holistique QoE comprenant tous les domaines defamunication d'un écosysteme. Quelques-
uns des aspects notables du modele proposé spies (facteurs objectifs (QoE des facteurs
physiologiques et cognitives) et leur lien avec fdeseurs subjectifs, et (ii) la différenciationsde
exigences QOE basée sur les roles de I'homme t(dlighisateur, groupe) et caractéristiques (age,
sexe), (iii) l'influence des aspects techniquex@hmerciaux et contextuelle sur QoE. Mes

papiers I, Il, lll sont des contributions relativeesette partie du travail de thése.
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2. QoE analyse basée sur I'évaluation et des semgcmultimédias en temps réel a I'égard
de la qualité de service, le contexte, le contentiles caractéristiques de I'homme (etc age,
sexe,):Cette partie se concentre principalement sur i@ghe pratique de la réalisation d'études
d'utilisateurs sur les services multimédia (stremmiidéo, VolP, 3D téléconférence audio) a
évaluer et a établir une relation statistiquemeghificative entre QOE et les facteurs qui
influencent (QoS, contexte virtuel) Tableau 1 pnésetc résumé des travaux réalisés dans cette

phase.

Tableau 1: Résutada phase 2 de contribution

Study I: Study I Study 11l Study IV:
Video Streaming Telephony 3D Audio 3D Audio

Service (VolP and Teleconferencing Teleconferencing
PSTN) Service Service

QoS- QoE Conte)-QoE Conte)-QoE

Relationship QoS- QoE

QoE Factors User Perceive Perceivec Localization Localization
Video Quality Availability, Performance, Easiness and
and User Perceived  Call Localization Performance
comments Quality, Easiness, Spatial

Customer Audio Quiality
satisfaction and and Overall
customer Audio Quality
preferences

Influencing Network anc Technical faults Virtual Virtual

Factors application level and QoS issues teleconferencing teleconferencing
QoS room size anc room size

concurrent talkers

Moderation Content Age, en-user nor Gende

Factors characteristics device type

Lab based use¢ Customer Surve Lab based use¢ Lab based use
study (Quantitive study (Subjective study (Subjective
(Quantitative anc technique) and Objective and Objective
Qualitative) QOE Factors) QOE Factors)

Analysis Descriptive Basic Statisticc Basic Statistic: Point estimators
statistics, Rough Hypothesis Adjusted  Wald
Set Theory andtesting based on Method, basic
CCA framework Chi-Square statistics

Study Setup

Mes papiers IV, V, VI et VIl sont mes contributioligses a ce travail.
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3. Conception et développement de prototypes ou deadres pour la mesure de la QoE
pour les services multimédias:Basé sur les deux premieres contributions, aetmelht deux

cadres de mesure du QoE sont en cours d'élabaration

Le cadre QOE proposé pour les services multiméanhé QoM cadre) capture réseau et
I'application de couches de données de qualitéengcs, des données qualitatives et QOE notes
des utilisateurs et des informations quantitata@stenu. En utilisant des statistiques descriptives
et des régressions linéaires multiples, QoE edtiégaEn cas de baisse de la QoE, un message
d'alerte est transmis a l'administrateur (Admin)urpa@omplément d'enquéte. Notre cadre
nouvellement proposé Qom a été lancé comme un opé&h-source QoE d'évaluation pour
l'industrie et de la communauté de recherche. Maiaussi certaines limites, pour des exemples,
Firefox est utilisé comme interface client, il éss slr et navigateur ne permet pas le script
comme un script Java pour fonctionner et d'exédatdemande du client ou d'un service. C'est la
raison pour le client qui veulent utiliser le seryiil / elle doit activer le service de capture
manuellement en premier, et apres que le servigetibmne bien. Cette dépendance a l'égard
manuel renifleur de commutation ON est un défi ingoat d'aborder dans la prochaine version

du cadre.

En outre, ce cadre permet aux utilisateurs de Qegparder la vidéo et donner leur avis sous
forme de texte (commentaires). Mais dans la versiotuelle, l'analyse qualitative n'est pas
encore incluse. Comme il s'agit d'en-cours de iadavenir, nous avons l'intention d'améliorer
ce cadre, en résolvant les limitations mentionnBes. tests d'utilisateurs étendu ne serait pas
menée pour évaluer la performance du cadre prdposgdans un contexte de véritables réseaux
4G sans fil WiMax.

Cadre Android QoE base pour les services multinseA&oM) a été présenté pour évaluer
les services de streaming multimédia sur les télegh intelligents. Projet de cadre AQoM est
une application client et il gere "surveiller, diyser et de décider" des fonctions sur des
données d'utilisateur sur le téléphone intelligent ne nécessite aucune autre coté serveur pour
I'évaluation des données, d'ou il fournit un cdetde la confidentialité des données utilisatdur. |

a l'apprentissage et la mise a jour processusaffine en permanence QoE.
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Des données de notation Qo0S, le contexte et $atdur sont collectées a partir du dispositif
de l'utilisateur pour une évaluation meilleure peton utilisateur localement sur le coété
client. L'utilisateur a la liberté de donner soedback sur la qualité offerte a tout moment par
thumbs upet thumbs downcéne et / ou de la qualification de l'utilisatelirest possible que le
comportement de l'utilisateur par rapport a uniserparticulier dans n'importe quelle situation
pourrait changer et donnant ainsi naissance a ehaams ses exigences QoE. Ainsi, notre cadre
de QoE proposée produit des exigences QoE perssémalun utilisateur dans n'importe quelle
situation.

Ce travail est en cours et les études d'utilisaptus grande sera réalisée afin d'évaluer la

performance de AQoM, une fois le cadre AQoM est.pré
Mon papier et VIl des brevets sont contributiocegtravail.
1. 5. Organisation de la Thése
Sur la base de contributions a la recherche, tiedse est également organisé en trois parties;

Premiéere partie couvre le concept, les théorieestmodeles autour de QoE. Dans cette
partie, nous présentons un large apercu de laalittee (chapitre 2), puis de présenter notre

modele proposé QoE (chapitre 3).

Le chapitre 2 présente une vue d'ensemble dedealitire liee a QOE concepts a I'égard de la
qualité de service, HCI, d'affaires, le contexéeptychologie et la biologie.ll est subdivisé en
deux sections, la section | comprend QoE la retierconnexe, qui est menée dans les
différentes disciplines. Et la section Il présente apercu des modeles existants de QOE

proposées pour comprendre QoE.

Le chapitre 3 présente le modele proposé QoE, mmmpt tous les domaines de la
communication d'un écosysteme. Ce modéle consddidéend avant de travailler sur la
modélisation QOE en définissant la nouvelle taxomeoet en reliant tous les domaines de

I'écosysteme de la communication.

La deuxieme partie de la thése se concentre palesipent sur l'approche pratique pour
mener des études sur des utilisateurs des sermcdtsmédia (streaming vidéo, VolP, 3D
téléconférence audio) et analysant l'impact ddereifits facteurs qui influent sur le QoE. Cette

partie se compose de quatre chapitres ci-dessous.
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Le chapitre 4 présente une vue d'ensemble sur ifésretites méthodes d'évaluation, les

techniques de QoE analyse et d'outils.

Le chapitre 5 présente étude sur les utilisateass rdsultats d'expérimentation | pour évaluer
limpact (combiné) du réseau et des applicationsnieau des parametres de QoS et les
caractéristiques de contenu sur la qualité perguel'gtilisateur pour le service de streaming
vidéo. La théorie des ensembles rugueux (TVD) #&@ipour I'évaluation quantitative et simple
CCA (Catégoriser, cataloguer et a analyser) cadtg pévaluation qualitative des données de
l'utilisateur afin de comprendre l'influence degubwrs parameétres de services multimédias sur
QoOE.

Le chapitre 6 présente l'analyse de sondage adpgeslients de l'opérateur pour les services
de téléphonie (RTC et VolP) pour comprendre l'effetdiverses fautes techniques (appelons-
déposer, etc écho) sur les facteurs QoOE différegits que la qualité des appels percgue, la
disponibilité percue, préférences des clientseesEmble satisfaction de la clientele. En outre, il
est également montré que la fagon QoE métriquesgibagalement étre différenciée en ce qui

concerne I'age du client et les types de dispastifutilisateur final.

Le chapitre 7 présente étude sur les utilisateurkaealyse des données pour étudier la
relation entre I'environnement contextuel QoE etuel. 3D service de téléconférence audio est
sélectionné en tant que service de cas d'utilisai®|'expérimentation. Nous analyser et valider
les relations entre les parametres QOE et contéesudans deux différents scénarios de test a
travers I'expérimentation de l'utilisateur. Lesuitsds de I'étude sont présentés utilisateur de
montrer que la fagon dont les facteurs subjectifelgectifs QOE sont touchés en raison de
I'environnement acoustique virtuel. En outre, iltinee également l'accent sur les effets des

différences entre les sexes sur QOE sur la baBemronnement acoustique virtuel.

Dans la troisieme partie des détails de thesehit@cture et la mise en ceuvre d'outils ou
QOE cadre est présenté pour la mesure de la QoEIlg®services multimédias.Cette partie

comprend deux chapitres ci-dessous.
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Le chapitre 8 présente les détails d'architectudeda mise en ceuvre du cadre de QoE pour les

services de streaming videéo.

Le chapitre 9 présente les cadres QoE pour Andirases sur les téléphones intelligents pour

évaluer la QoE des applications vidéo.

Enfin, au chapitre 10, la conclusion et de la pec§pe a notre direction des travaux futurs

seront discutés.
1.6. Synthése des These

Cette thése est une tentative d'explorer les cenag@gressants mais complexes de QoE pour
les services multimédias dans I'écosysteme dertantmication. Pour explorer ce sujet, il a été
décomposée en trois sous-objectifs ou des défigjted (i) de comprendre de grands tableaux de
QOE perdre de vue les influences de différentetastappartenant a la technologie, le contexte
et les entreprises (ii) analyser et évaluer lesramtions et les relations entre QOE et d'autres
facteurs qui influent sur (QoS, le contenu et laterte) (iii) développer des outils ou QoE de

cadres intégrés fondés sur les conclusions prétesien

Pour faire face a, premier défi, un modeéle holigiqQoE est proposé dans le chapitre 4 et
dans le document [9] [8] pour les services multimgd dans ['écosysteme de la
communication. Le modéle proposé a réuni humaimehnologique, contextuelle et domaines
d'activités ainsi que leurs interactions inter-dovaa pour obtenir le point de vue holistique
QOE. Le modele n'était pas destiné a étre presajpnais de fournir la taxonomie des variables
pertinentes et de leurs interactions afin d'aider praticiens a élargir leur horizon sur les
QOE. L'instanciation modele a été fortement trivatdu contexte dans lequel elle est appliquée:
les variables spécifiques serait plus importanseeprétent plus facilement a la mesure. Notre
objectif était de fournir un modele de haut nivemu peut étre adapté a de nombreux contextes
spécifiques et a encourager la recherche qui exaftamenir de ces relations inter-domaines.
Le deuxiéme défi important était d'identifier, @eueillir et d'évaluer les facteurs qui QOE ont été
touchés par différents facteurs d'influence. Mhigs avait un probleme de taille a résoudre dire,
les perceptions et les sentiments humains sonstiigigctifs et aléatoires dans la nature, la facon
de capturer et de quantifier la subjectivité hure@iha seule solution commune était de mener
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des études d'utilisateurs et des enquétes pourttomies opinions des clients et des sentiments,

puis d'évaluer les données en utilisant des teaksiquantitatives et qualitatives.

En deuxieme partie de la thése, ce défi a été almadla production des résultats des études
d'utilisateurs, qui ont été recueillies par la iszlon d'enquétes et d'études des utilisateurs qui
utilisent le service de streaming vidéo, VolP, Raide service de téléconférence audio. lls ont
porté sur la compréhension de l'impact des diftréacteurs qui influencent (par exemple, la
qgualité de service, le contenu et les parametresextuels) sur QoE. Dans le chapitre 5, une
étude a été présentée a l'utilisateur un lienetefdmbiné de la couche applicative parametres
QoS (par exemple, le débit binaire vidéo), et lacte réseau QoS parametres (perte de paquets,
de retard, un paquet de re-commande) sur la qumitgue par l'utilisateur pour la vidéo service
de streaming. QOE a été animée sur la base deethité types de contenu (c.-a-lent clip
conteneur mobile et rapide pince mobile match d¢bfal). Les données ont ensuite été évalués
en fonction de la technique quantitative; commehk@orie des ensembles rugueux, et de la
technique qualitative; tels que (CCA). Pour le teeil de ma connaissance, ce travail est premier
de son genre dans lequel QoE vidéo a été signalé bar des techniques qualitatives et
guantitatives. Il est appris que tous les paramé&teeQoS posent le méme niveau de dégradation
de la qualité percue par l'utilisateur et, en quiiess contenus différents ont aussi des exigences
différentes de soutien de qualité de service. Conuete étude a été réalisée dans un
environnement contrélé (laboratoire de linstadlajj il a ensuite été décidé de mener une
enquéte aupres des clients réels pour obtenir dssiltats écologiguement valables.
Le chapitre 6 de cette thése est basée sur deseméelles enquétes sur les clients pour un
service de téléphonie (RTC et VolP) de mener Téetopérateur francais, dans ce chapitre,

trois aspects principaux ont été évalués, et cenklss suivants:

1. La fréquence des défauts techniques et leuransa la disponibilité percue et la qualité

des appels pergue

2. L'évaluation des préférences des clients eederhodération basée sur l'utilisateur final

appareil de poche
3. L'évaluation de la satisfaction du client, ergaeconcerne le groupe d'age des clients.

De l'enquéte a la clientéle, on a appris que désute difféerents (QoS et les questions

environnementales) ont été traités differemmentigmclients. Le bruit de fond a été jugée peu
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génant pour les clients du RTPC, tandis que paucllents VolIP, la chute d'appel, bruit de fond,
entrant de défaut de signalisation, de défaut deenotation de poste, et de pré-numérotation des

failles ont été jugées dans la catégorie un peuysuse.

Pour la préférence du client métrique, on a appresles clients possédant RTPC filaire et la
téléphonie sans fil étaient moins préoccupés pa&r penne de courant ou de problémes de
dégradation des VOix par rapport aux clients VolIP.
Pour la satisfaction globale des clients, Chi-Sgunypothése a été fait et les résultats suggerent
gue les clients du groupe d'age de moins de 40destniveaux similaires de satisfactions a
I'égard des services VoIP et PSTN tandis que lestsldes groupes d'age plus de 40 se sentent
plus satisfaits que les RTPC VolP. Cela signifiaJgré une meilleure communication PSTN de
mettre en place la performance et la qualité dpslaples clients jeunes sont également satisfaits

de la qualité et les services offerts par la VolP.

Précédent deux études ont été davantage axeedngpact des questions de qualité de
service et technique sur les facteurs subjectifE. @@mmme il a été proposé dans le modéle
holistique que les aspects contextuels pourragaieéent influer sur la QoE, dans le chapitre 7,
de cette thése, QoE-contexte de la relation a eétdué&e en utilisant la 3D service de

téléconférence audio. Suite a des aspects impsmaniété la cible;

1. L'impact des caractéristiques du contexte Mirtizélle de la piece virtuelle, le nombre de

concurrents virtuels parleurs) sur QoE.

2. Objectif QoE (performance de localisation: Liegla la performance cognitive humaine et

sa comparaison avec le facteur QoE subjective l{féakocalisation: LE).

3. Analyse de la différence entre les sexes dansitonnement de téléconférence audio 3D

virtuelle.

Selon les résultats, les caractéristiques de Fenmement virtuel pourrait affecter QoE
utilisateur. En changeant la taille de l'espacdueir et le type de voix de négociations
simultanées, la variation dans les deux facteur Qabjectives et objectif a été observée. En
outre, les données de I'étude suggerent quedaitlir chambre de taille moyenne téléconférence
virtuelle et mixtes parleurs de type voix »(un méted'autres causeur femelle) de fournir une

gualité optimale de I'expérience dans la téléph8bidasé environnement acoustique virtuel.
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LP valeurs ont tendance a augmenter pour la chadbrléconférence petite virtuel, au
contraire, LE scores MOS ont tendance a diminuer p@ chambre de téléconférence petite
virtuel, et vice-versa pour grande salle. Mais deur LP a la fois et les scores LE s'averent le
plus élevé dans la chambre de taille moyenne (35La%aison possible pour ce match entre les
résultats QoE objectives et subjectives, c'estiedue, comme les échos et les réverbérations
sont plus tendus dans les grandes pieces, il $dagd#ie a localiser causeurs. Il est rapporté dans
la littérature [140] que la réverbération dans éesironnements acoustiques est considéré
comme un repere fiable dans l'identification distade la source, mais il a également dégrade
légérement la perception directionnelle [144] eeliigibilité de la parole [145]. En outre, il a
également appris que les participants masculingéminins ont des tendances légerement
différentes entre les taux de rendement (LP) eM@E&S scores dans les petites entreprises (10
m3) et grande taille (20 m3) chambre, mais leur c@gtion et les capacités de
performance convergent vers des tendances sinsildmas la chambre de taille moyenne. Il a
également été constaté que les participants masaitliféminins »ont obligation QoE Iégerement
différente dans un environnement virtuel.

Au cours de cette phase d'étude d'utilisateur, appais qu'il y avait une pénurie de mesure
QOE et des outils d'évaluation, et les outils disiples étaient pour la plupart se concentrant sur
les techniqgues de QoS basés sur objectives. Eramjamh vue la nécessité urgente d'outils
adaptés pour capturer la subjectivité humaine (Quuit)y évaluer les besoins des utilisateurs au
moment de I'exécution pour le service multimédiawd outils de Qom et AQoM ont été

développés tel que présenté dans la partie 3 tcbapet 9) de cette these.

QoM cadre est l'outil client-serveur basée sur @he pour capturer le trafic réseau et les
commentaires des utilisateurs (a la fois qualitatt quantitative) pour évaluer QoE pour le
service de streaming vidéo. Qom cadre était untatiea de fournir un outil d'évaluation a
l'industrie et QOE communauté de la recherchesli encore moins dans sa phase de
balbutiements, mais aprés son lancement comme uih o@pen-source a la recherche

communautaire dans un avenir proche, on s'atteedja'il obtiendra maturité rapidement.

AQoM cadre visait & évaluer les services de vidé@biles sur Android a base de téléphones
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intelligents. Il est client de I'application ne Qqti recueille les commentaires des utilisatewars, |
gualité de service et des données de contextefettef I'analyse au-dessus sur le temps
long. AQoM fonctionne en deux modes; dans le mod&@appdentissage et de
l'automatisation. AQoM cadre est en cours de ttaea collaboration avec le francais Telco

opérateur.

Enfin, on peut affirmer que, malgré le fait quevdiiation QOE des services multimédias a
ete tres difficile en raison du nombre énorme drefas d'influence, d'évaluation complexe et
des méthodes d'évaluation; les résultats obtenos retativement encourageants. Cette these
présente une feuille de route pour complément d&eqdans chacun de ces trois parties afin
d'obtenir en profondeur de la vue sur la QoE pesrservices multimédias dans I'écosysteme de

la communication.
1. 7. Direction des travaux futurs

Multimédia processus de développement cadre esb@s; la prochaine étape sera d'achever
ce processus, puis en utilisant ces outils, eféecitude sur les utilisateurs sur le réseau WiMAX
4G pour évaluer la performance d'un cadre de QansDe cadre de Qom, les fonctionnalités

suivantes peuvent étre introduites dans sa proeharsion.
Sniffer automatique en cours d'exécution sur lex@étés (client et serveur)

Mettre en place la théorie des ensembles ruguewalysaur basé sur
Pour androide cadre axé sur les (AQoM), les fonotiités suivantes peuvent étre incorporés

dans sa prochaine version.
Processus de développement complet de la prenmeeson
Inclure plus de paramétres de QoS.

Mieux algorithme d'apprentissage et l'utilisatiowsgible de la TVD pour [lanalyse
En plus de ces taches de développement d'outiiselbaament, je suis conduire des recherches

collectives sur les aspects suivants,

QOE pour le réseau optique passif (PON), en colidlmm avec la Corée Institut Supérieur

des Sciences et de la technologie (KAIST)
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QOE pour le trafic Web en collaboration avec Blgkinnstitute of Technologie (BTH) Suede
Enfin, j'ai préconisé l'utilisation de facteurs plojogiques objectifs, mais je ne pouvais pas les
intégrer dans mon travail actuel. Je suis égalenmdétessé a utiliser des outils physiologiques

dans mon futur travail d'analyser les facteursaligeQOE.
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« Tout aundébut, une existence, une fin. »

Philippe Starck

Chapter 1. Introduction

This chapter outlines the context, motivation, dbotions and organization of this thesis.

1.1. Context

Along with rapid technological advances, there laen a proliferation of new and
innovative systems, services, applications andussi-devices. Network management concepts
are also evolving, and the autonomic network mamege paradigms aspire to bring human-
like intelligence to telecommunication managemesdks []. Thanks to these technical
advancements, the fulfilment of customer demandd aser experience requirements are
becoming the main differentiators for the effeatigses of telecom operators and service
providers. As per global consumer survey report12@dr multimedia services2], it was
reported that half of the customers around the dvoiled “quality” as their top requirement.
Furthermore, customers are willing to pay for betigality of experience with multimedia
services 8] but if multimedia service providers fail to pro@ promised quality, this will lead to
a chain reaction of negative word of mouth, as mepbin §] that on average nearly nine in 10
customers globally told the people around them tltioeir bad experiences. And this poor
customer experience remains the number one forskimy customers into the arms of waiting

competitors.
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Multimedia service providers’ goal is to have ataumed growth. The key for sustained
growth is in a reliable customer engagement i.eattcact new customers as well as retain
existing customersb]. The Connected Consumer survey 2082 ¢ports that “...the European
and USA market for many core telecoms and medmces — such as fixed broadband, voice
and pay TV — is saturating. As a result, custoraéisfction and retention — which have always

been important — have become critical.”

Despite technological soundness and quality, thprising results reported in survey,[
that only 1/4' of customers remain loyal customers. The“2¢8stomers switch an operator
because of a poor customer service and furtherdd¥ customers said, their expectation is
higher than last year. It means satisfaction issnficient to keep customers loyal, it is actually
to anticipate, and understand customer expectatimeeds and behavior those are constantly
evolving and shifting at ever faster pace, drivgrthe seemingly unlimited possibilities of the
multimedia services, applications, devices and @gek. To sum up, both from technological
and business point of view, the main driver is atemer/ user. For sustained growth and

technological innovation, customer/user centrisitpuld be made the top priority.
Few quotes of industry experts are given belowettheir say on customer experience.

"There is only one boss. The customer. And hdigaeverybody in the company from the
chairman on down, simply by spending his money satiere else.”
ar® Walton, Walmart7]
“In the world of Internet, it's important to reméer your competitor is only one mouse

click away.” Doug Warnéy [
“Your customers expect your entire operation tealge around therh.
SAP Ad

It, therefore, has become very essential to unaledshuman centric quality requirements,
and for this purpose the term Quality of Experie(@eE) has been coined. QOE is a multi-
disciplinary approach based on social psychologggnitive science, economics and
engineering science, focused on understanding lbvdraman quality requirements.
Traditionally, technology centric approaches basadQuality of Service (QoS) parameters
have been employed to assess the quality of mudtangervices offered to end-users. QoE
expands this horizon to capture people’s aestlagttt even hedonic needs. QOE provides an
assessment of human expectations, feelings, p@nsptognition and acceptance with respect

to a particular product, services or applicatidis [
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QOE is complex multdisciplinary approach, several technologiousiness and contextt
factors P] could affect QE as shown in Figure 1. Technologl aspects, such as; serv
features, endiser device inctionalities and QoS parameters may lence the feelings ar
perception of a user. Similly, business aspects for example, custorare, service offers, co:
promotion and brand ima may alo influence customers to develoositive and/or negativ
feelings about quality. Rearch in human behavior psychology ahroves that variation i
context and environmentaspects also influence human beha{10]. Therefore, in order t
understand and measure E requirements for multimedia services, important to know th

interaction between humatechnology, business and context as welheir effect on QoE

Context

QoE

Figurel: Conceptual diagram of QoE and Influencing faxtor

In short, we can sum) that customers and eusers are actuallyriving force behind th
success and/or failure of iy product or service. Todacustomers ar becoming increasing
demanding abduhe qualit of multimedia services and application,s requires to bridge t
gap between what custors want and what they actually experie If multimedia servici
providers aspire to beconmarket leaders by providing high quality vice to theilcustomers,
they need to understand r's QoE requirements and implication of)r quality of experienc
on their own customer bie and their future prtable growth.Therefore to retain existin
customers and make thenyal, a service should be desig and delivired based on the ben

marks of QOE. In the nexestion, the motivation for this research wcs presente:
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1. 2. Motivation

Multimedia services are one of the main driverscafrent ICT business. Multimedia
communication refers to machine-processed infoonagxpressed in multiple Medias, such as
text, voice, graphics, still image, audio, videodaimteractive data. Due to technological
advancements, multimedia services such as telesmdieg, VolP, video streaming, e-
learning, e-health, and e-business are experiesgmificant growth. For their evaluation, QoE
approach could be used to provide customer anakbuser perspective about offered quality.
In this cutthroat market, it is an essential task fultimedia service provider to deliver
multimedia services with superior QOE in order étam their customers and maintain their
competitive edge. A superior multimedia QoE wilbu# in satisfied customers, leading to a
positive market perception and ultimately bettemiorimage.

If any service or product is designed on the beramhm of QOE, it possibly generates
positive word of mouth and “wow” factor to attranew customers and satisfy existing
customers. Therefore, for widespread acceptanée nivt only important to design multimedia
services on the benchmarks of QoE but service gensishould also deliver service to end-
users/customers with superior QoE.

However, there are following challenges and botibds to be addressed in order to obtain
total QoE for multimedia services as describedwelo

i. At conceptual stage, the fundamental questionstwheed to be addressed
are: Is there any need to changer paradigm fromtQ@¥E? And what are
other important multi-disciplinary domain charaggcs which could
influence human QoE and moreover, how to develofoéstic and
integrated QoE model based on these disparate defhai

ii.  Are QoS parameters sole influencing factors orednand business metric
could also influence human QoE.

iii.  How to make use of psychological theories (sucheahnology Acceptance
Model (TAM), Theory of Planned Behavior (TPB)) fQoE?

iv.  Human behavior is random and subjective in natusey to quantify human
subjectivity?
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v.  Which technique to be used to measure QoE for mattia services e.g.,
user studies or objective inference techniques?
vi.  Which test environment and test set up should leetsel for user study e.g.,
laboratory or natural environment?
vii. Is QOE only a subjective factor? Or human objecfagtors e.g., human
physiology and cognitive factors could also bezgid to benchmark QoE?
viii.  Is QOE a unique global metric suitable for evergrus we need to moderate
QoE based on human demographics and context?
ix.  Which technique to be used for data analysis, gaéime or qualitative?
Parametric or non parametric etc?

x.  Can we exploit QoE findings to develop some QoEéwaorks or tools?

This whole thesis is an attempt to answer thes#ecigges and now a brief description is

given to discuss these challenges.

1.2.1.

Conceptual view on QoE

Change of Paradigm is requiredTraditional approaches for ensuring quality and
user satisfaction are technology centric QoS baggmoaches. Since, QoS relies
more on network and application layer parametérs, therefore unable to satisfy
the customers and/or end-user needs. Existing @s&dbsolutions for internet are
IP DiffServ, IP Intserv they may guarantee resoualtecation however, service
guarantees alone are not sufficient to promise rsupguality of experiencelfl].

As QoS based quality assessments have often faurek tgrossly inaccurate at
predicting user experience, and as such are ndicaple in evaluating multimedia
quality [12]. Therefore, there is need to change the diredtmm technology centric
QoS to human centric QoE approach.

Importance of Influencing Factors:In addition to technology, there are business
and context domain characteristics which could afgtuence human behavior,
therefore QoS is not sole influencing characteribtit human behavior could be
influenced by many internal (subjective factors abgective cognitive factors etc.)

and external (business, context) factd® [Thus, for a holistic and conceptual
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understanding of total QoE for multimedia servicesommunication ecosystem, it
is required to model QOE considering the influeatall these internal and external

factors.

1.2.2. QoE Measurement and Analysis complexity

Once conceptual understanding about QOE is quéercit is required to measure and
analyze QoE factors for different multimedia seegicBut it is quite complex to capture QoE
metrics considering the influence of all thesernmé and external factors at the same time. We
need to address some prominent issues related Eon@@asurement and analysis as described

below.

* Human Subjectivity: The important challenge is related to randomnédsuman
behavior; not all humans have similar preferenteslings or perceptions about a
particular service and furthermore, their percaptamd preferences continuously
change over the time. Generally QoS and businessneders are easily monitored
and engineered due to their quantitative nature dsuthumanperceptions and
feelings are inherently subjective and the levélexpectation vary between users,
thus, it is hard to quantify and measure QoOE witinglete accuracy.

« User Studies vs. Indirect inference (Objective Qu&thod: To capture subjective
QOE (perceptions, feelings etc), there are two magthods; one is to conduct user
studies, customer surveys and interviews and ana@shmore engineering version
which infers QoE from collected network traffic @oS data based on some
estimation or prediction methods. Subjective metl®dime consuming but it
provides more accurate results, while indirect méshare less time consuming but
their accuracy is always dependent on the predictiethod and moreover they are
focused on QoS data only. They may also miss autrittuence of other important
information (such as contextual, business, expecdetc) which could be gathered
through surveys and user studies. The second pénesis is based on subjective

QOE studies and data evaluation.

2 They are also called objective assessment techsidgixamples are PESQ, PSNR,P.OLQA, E-Model (refer
chapter 4 for detail )

Chapter 1. Page 46




e Laboratorytest vs. field testShould user studies be conducted in controlled lab
environment or in natural living environment? Soméerts believe that as lab
setup does not provide a sense of real environnitertay lack to produce exact
human perceptions or feelings3]. But on the other hand, lab test provides more
flexibility to control the influencing factors. Cpeer 5, and 7, of this thesis discusses
Lab based user study results, while chapter 6 sedan natural environment
experience of real customers.

« Human Objectivé QoE factors: Human objective factors are related to human
physiology and cognitive systerf4] [9] [8]. Unlike human subjective factors, most
objective factors are quantitative in nature aneytprovide precise information
about human cognition and physiology (refer chapie8 and 4 for more detail). In
chapter 7, one objective QoE factor is coined dasdevaluation is presented with
respect to its subjective QoE counterpart.

* QOE global metric vs. segmented metri8ome of the QoE based findings may be
global or universally similar for every user butteély not all; therefore should
QoE be moderated based on different age groupdegesnd social factors9][

e Qualitative vs. Quantitative assessment schem@uantitative assessment
techniques work on numerical data and statistiesali@tive schemes are used to
analyze verbal behaviors such as words and usemeaits, not numbersl}p).
Quantitative schemes are widely used techniquesgesessment because they are
easy and can produce concrete results, while gtiaétdata are hard to code and
they are also difficult in deducing some meaningfdbrmation from them 16].
However with widespread success of Web2.0, usemngamts on social media have

increased and therefore qualitative schemes aweggatiing more focus now.

1. 2. 3. QOoE based tool development

There are many tools available to measure QoS paeasnbut QoE specific tools are
hardly available for measurement and evaluatiomssr/customer experience data, probably

due to complexities related to QOE data as discueadier. Some of the prominent problems

% Objective QoE factor should not be confused wihfective QoS parameters.
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are users’ lack of interesn giving their feedback, human subjecti, the cost of objectiv
physiological tools, and tie consuming study and evaluation procSome compani’ have
started developing QoE bed tools but they mostly focon Objective Q0S/QoE factors sut
as perceptual evaluation ¢peech quality (PESQ) technig[17] and p:2ak signal to noise rat
(PSNR).

In the next sectignthe contributions of this thesis are presentegich are focused on

solving some research chinges discussed in this sect

1. 3. Contribution of the thesi:

The contributions ¢ this thesis could be broadly divided inthree parts as show

Figure 2.

—

2
i~ 2 ]
. L~ \
Phase I: Conceptual
Framework I

Phase Il User Study, Analysis
and Evaluatior

Phase lll: Towards designing anc developing
QoE tased tools and frameworks

=2

Figure 2: Contribution

1. Proposing a holistic ©E mode! In the first stage, it is importe to understand the b
picture of QOE i.e., thdifferent internal and external factors whcould influence huma
behavior. For getting. holistic view of QOE, it is essential toing cisparate actors of
communication ecostem (human, technology, business arontext) together in
systematic fashion. T:refore, the motivation is to address thiallenge by proposing

conceptual and holistiQoE model comprising all domains of a imunication ecosystem.

4 www.witbe.net www.ibys.com, www.goesystems.com
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Some of the notable aspects of the proposed madelinthe objective QoE factors
(physiological and cognitive factors) and theirkliwith subjective factors, and (ii) the
differentiation of QOE requirements based on humaas (customer, user, group) and
characteristics (age, gender), (iii) the influermdetechnical and business and contextual
aspects on QoE. My papers |, II, Il are contribas related to this part of thesis work.
QOE based Analysis and Evaluation of real time mm@tlia services with respect to QoS,
context, content and human characteristics (ageydge etc): ): This part primarily
focuses on practical approach of conducting usetie$ over multimedia services (video
streaming, VolP, 3D Audio teleconferencing) to ew& and establish statistically
significant relationship between QoE and influegciiactors (QoS, virtual context) etc.

Table 1 presents summary of work done in this phase

Table 1: Summary of Phase 2 contribution

Relationship

Study I:
Video Streaming

Service

QoS- QoE

Study II:
Telephony (VoIP
and PSTN)

QoS- QoE

Study III:

3D Audio
Teleconferencing
Service

Contex-QoE

Study IV:

£))) Audio
Teleconferencing
Service

Contex-QoE

QOE Factors User Perceived Perceived Localization Localization
Video Quality and Availability, Performance, Easiness and
User comments Perceived Call Localization Performance
Quality, Customer Easiness, Spatial
satisfaction and Audio Quality and
customer Overall Audio
preferences Quality
Influencing Network and Technical faults Virtual Virtual
Factors application level and QoS issues teleconferencing teleconferencing
QoS room size and room size
concurrent talkers
Moderation Content Age, end-user non Gender
Factors characteristics device type
Lab based user Customer Survey Lab based user Lab based user
Study Setup study (Quantitative study (Subjective study (Subjective
(Quantitative and technique) and Objective QoE and Objective QoE
Qualitative) Factors) Factors)
Analysis Descriptive Basic Statistics, Basic Statistics Point estimators,
statistics, Rough Hypothesis testing Adjusted Wald
Set Theory and based on Chi- Method, basic

CCA framework

Square

statistics

My papers IV, V, VI, and VII are my contributionslated to this work.
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3. Design and Development of prototypes/frameworksnfieasuring QoE for multimedia
services:Based on the first two contributions, currently tQoE measurement frameworks
are being developed. The main functionalities othbQoE frameworks are to capture,
analyze and report multimedia QOE metrics in reaét Both are used for video streaming
service, but one is designed for android basedtspiemes with limited monitoring and
evaluating capabilities and second one is exhaustamework with more capabilities of
the QOE measurement and analysis. These QOE t@oéxpected to be useful for real time
measurement and evaluation of multimedia QoE nwetiity paper VIII and Patehare

contribution to this work.

1. 4. Organization of the thesis

Based on research contributions, this dissertagi@afso organized into three parts;

First part covers concept, theories and modelsrar@poE. In this part, we present a broad

overview of literature (Chapter 2) and then presemtproposed QoEodel (Chapter 3).

Chapter 2 presents a broad overview of literatefated to QoE concepts with respect to
QoS, HCI, business, context, psychology, and bipldg is subdivided into two sections,
section | includes QOE related research which isgoearried out in different disciplines. And

section Il presents an overview of existing QoE sisgroposed to understand QoE.

Chapter 3 presents proposed QoE model, comprigingomains of a communication
ecosystem. This consolidated model extends priakvwom QOE modeling by defining new

taxonomy and by linking all the domains of commatii@gn ecosystem.

The second part of dissertation primarily focusaspoactical approach to conduct user
studies over multimedia services (video streamMglP, 3D Audio teleconferencing) and
analyzing the impact of various influencing factors QoE. This part consists of four chapters

as given below.

Chapter 4 presents an overview on different QoEssssent methods, analysis techniques

and tools.

® Joint patent with Orange France Telecom (in-preces
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Chapter 5 presents user study | experimentatiaultseo evaluate the (combined) impact
of the network and application level QoS parametard content characteristics over user
perceived quality for video streaming service. Ro&gt Theory (RST) is used for quantitative
assessment and simple CCA (Categorize, CatalogAaradlyze) framework for qualitative
assessment of user data in order to understanthflbence of multiple multimedia service

parameters on QoE.

Chapter 6 presents the analysis of operator’s mestgurvey for telephony services (PSTN
and VolIP) to understand the effect of various texdinfaults ( call drop, echo etc) over
different QOE factors such as Perceived Call QualRerceived Availability, Customer
Preferences, and Overall Customer SatisfactionthBtmore, it is also shown that how QoE

metrics could also be differentiated with respeatustomer age and types of end-user device.

Chapter 7 presents user study and data analysisidy the relationship between QoE and
virtual contextual environment. 3D Audio Telecomiecing service is selected as use case
service for experimentation. We analyze and vadidetationship between QoE and contextual
parameters in two different test scenarios througgr experimentation. Findings of user study
are presented to show that how subjective and tixgeQoE factors are affected due to virtual
acoustic environment. Furthermore it will also feaon the effects of gender differences on

QoOE based on virtual acoustic environment.

In the third part of dissertation, architecture amgblementation details of QOE tools or
framework is presented for measuring QoE for mudtim services. This part includes two

chapters as given below.

Chapter 8 presents architecture and implementateiails of QoE framework for video

streaming services

Chapter 9 presents QoE frameworks for Android basealt phones to evaluate the QoE of

video applications.

Finally, in Chapter 10, conclusion and perspectweour future work direction will be

discussed.
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PART 1. CONCEPTS

Introduction

The notion of “Experience” spans to many differalds, as different stake holders have
identified the need to better understand the vatuetomers/end-users attribute to products and
services. The concept of experience brings humatricezalue for service delivery (Quality of
Experience), human-computer interaction researckerUeXperience, UX) and industry
(Customer Experience). Quality of Experience fasdt emerging multi-disciplinary field based
on social psychology, cognitive science, econondcsl engineering science, focused on
understanding overall human quality requirementeedng in view the multi-disciplinary
approach of QoE, the goal of this part is to |damm existing research in different disciplines to
build a conceptual QoE framework.

This part consists of two chapters:

Chapter 2, in which we present a brief overviewhow human centricity (QoE) is treated
in different disciplines and afterwards, we preseasting QoE models or frameworks which try
to capture the holistic QOE by integrating differdomains (technology, business etc).

Chapter 3 is based on our proposal for holistic @o&del, comprising all domains of
communication ecosystem (technology, businessegband human).
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“The words printed here areoncepts.

You must go through the experiences.”

Saint Augustine

Chapter 2. Background: Exploring Quality of
Experience

Highlights

» How the notion “Experience” is treated in techmgylpbusiness and context?

 Psychological models for understanding human belavi

* How the use of human physiology and cognitive Wdlbeneficial for understanding human
reactions (e.g., QoE)?

* Discussion on existing theoretical models for QoE
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This chapter presents a high level state of akQoB. At first, we present definitions of QoE
and then we present an overview on how “Experiemceion is studied in different disciplines
such as technology (HCI and QoS), business, psyghichnd context. Afterwards, we present
the work of different people who attempted to bridigparate domains together to build a

conceptual QoE model or framework.

2. 1. QoE Definitions

We present some definitions to show how this noti@oE” is actually seen by different

people.

I.  Extension of QoS concept!QoE has been defined as an extension of thetivadi
QoS in the sense that QoE provides informationrokgg the delivered services from an
end-user point of view”.1g]

ii.  Usability as QoE:“QoE is how a user perceives the usability of aiserwhen in use —
how satisfied he/she is with a service in termsdj,, usability, accessibility,
retainability and integrity”. 19|

iii.  Business dependent QoE:The quality of a customer’s experience with bassis
dependent on thoughtful design of web sites, stiieathbusiness processes that are
designed to make the customer’s job easier, cdyekgpected policies, good customer
service, and excellent operational executiof(] [

iv. Degree of Delight as QoE‘QoE describes the degree of delight of the user sérvice,
influenced by content, network, device, applicatiaser expectations and goals, and
context of use”.21]

V. Subjective human experience as QoEThe overall acceptability of an application or
service, as perceived subjectively by the end-uUE2g]

vi.  Subjective human experience and Objective (Cognite) Human factors as QOE:
“QOE is a set of human centric factors based on higubjective and objective cognitive
aspects arising from the interaction of a persdh v@chnology and with business entities

in a particular context'q].
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First three definitions of QOE are more inclined &oéls a particular domain. These
definitions link QoE with QoS, HCI and business nostrespectively. QoE is multi-disciplinary
field, so different stake holders define QoE astpeir own needs and understanding. There was
a need to have some general discipline-agnostiaitieh which includes human psychological
aspects. Definitions IV & V serve well this purpoage they encompass all necessary aspects
which impact human subjectivity. However, over time, it was also learnt that in addition to
human subjective factors, there are also humancige factors (e.g., physiological and
cognitive aspects) which also impact QoE. And token®QoE more comprehensive and
potentially more valid, it is needed to include exftjve human factors along with subjective
psychological measures$][[14]. Thus definition VI is an emerging definition oE which

includes both human subjective and objective aspect

As QOE is getting mature over the time, more coimpnsive and exhaustive definitions are
emerging to better understand QoE notion. And tileisd will continue in future too, till QoE
reaches to its complete maturity. In next, itiscdssed that how QoE notion is understood or

being treated in different disciplines.

2. 2. QoE and Technology

Technology has become integrated into almost esehgre of human life. The tremendous
technological growth has drastically changed tfestyle of people in our society. It has both
positive impacts and negative implications on hunb&havior. However, the negative and
positive effects of technology depend completelypenple’s exposure to it and the use that they
give it. [23

The field of HCI (Human Computer Interaction) haseb incorporating human factors to
product/interface designs for many years. However, network performance and service
delivery; there is a recent trend to make a leamftechnology centric Quality of Service (QoS)
approach to human centric Quality of ExperiencextNere present an overview on how the
work in HCI is shifting from interaction to User p&rience (UX) and how paradigm is shifting
from QoS to QoE for service delivery.
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2.2.1. HCI and Interface Design: From Usability to User eXperience

With the advent of personal computers in 1980sned for understanding the interaction
between human and computer emerged and this ladwodiscipline called Human-Computer
Interaction (HCI). It is defined as "the study @vihhumans are interacting with computers, and

how to design systems that are usable, easy, cuickproductive for humans to use].

Ergonomics is widely used in HCI and it is the emgring science concerned with the
physical and psychological relationship between himees and the people who use theth].
The ergonomicists take an empirical approach to avgithe efficiency of operation by taking
into account a typical person's physiological cadpms and physiological stresses, such as

fatigue, speed of decision making, and demandsemary and perception.

Usability is most widely recognized metric in HQidait is defined as “the effectiveness,
efficiency and satisfaction with which specifiedetss achieve specified goals in particular
environments” 26]. User experience includes all the users' emotidiediefs, preferences,
perceptions, physical and psychological responselsaviors and accomplishments that occur
before, during and after us2q. The aim of usability metric is to design an e&syse product.
User eXperience (UX) is about feelings. It is deflnas “a person's perceptions and responses
that result from the useor anticipated use of @pcg system or service27]. Unlike usability
metric, UX is purely a subjective metric. To undansl the difference between usability and UX,
take an example of a web site, the aim of usabdgityp make that web site easy to use whilst the
aim of user experience is to make the user hapfordyeduring and after using that web site.
Thus, usability relates to the ease with which sisan achieve their goals while interacting with
a web site while user experience is concerned thghway users perceive their interaction with
that web site 28] . A shift away from usability engineering to aesusexperience makes user's

feelings, motivations, and values as core set dmaters for HCI.

In HCI, there is also an on-going effort to extehd boundary of HCI to incorporate not

only hedonic quality but also business aspectsd,iaslone in 9.

Though the term “QoE” is not explicitly employed iHCI yet we see terms like
"Usability™and "User Experience" being used freqthe in HCI [29] [30], which closely relate

to QoE notion. As product/interface design prinegpare getting UX-centric, there is also need
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for the transformation of networks and service \agly paradigms to become QoE-centric, so

that user could enjoy a service from design toveeyi with superior quality of experience.

2.2.2. From Technology-centric QoS to Human-centric QoE

Quality of Service (QoS) is defined as the collexteffect of service performance which
determines the degree of satisfaction of a usénetervice 31]. Traditionally, QoS metrics are
defined, measured and controlled to achieve afaetiisy level of service quality. These QoS
parameters can be grouped under Application-lewxd (AQoS)—which deals with parameters
such as content resolution, frame rate and codss §nd Network-level QoS (NQoS)—which
deals with parameters such as bandwidth, deldgr @ind packet loss. These QoS metrics are
typically used to indicate the impact on the sengaality from the technological point of view.
However these technical parameters cannot providglete assessment about user feelings and
perceptions. Consequently, the need for accuraterstanding of human perceptions, feelings

and requirements lead to a new concept called QualExperience.

There are ongoing efforts both in industry and acad to link QoS with QoE to understand
the impact of technical parameters over qualityerperience. Like in32] the relationship
between QoE and QoS is investigated and authoysopea logarithmic dependencies between
QoS and QoE in order to understand the quantitaélationships and causality issues between
these two quality concepts. 183, the QoE and QoS relationship is analyzed basedQX
hypothesis and they proposed exponential interdigrery not only between QoE and packet
loss but also between QoE and packet reorder ®€itodec. In16], we presented quantitative
and qualitative assessment results for understgndatationship between multiple QoS
parameters and QOE in video streaming service.eTaex different qualitative and quantitative
assessment methods for QoS and QoE relationshipatien (cf. chapter 4 for detail). For
measuring total quality experience, work on QoScigical, but not sufficient, because
considering QoS as sole representative construQo& may not satisfy all human needs. Other
important aspects also need to be considered ssiclusar contextual information, type of
multimedia content, demographic attributes, role noérketing, social and organizational

pressures, pricing, etc. Table 2 presents compaasblCl and QoS-QoE work.

Part 1. Chapter 2. Page 59



Table 2: QoE and HCI

Factors QoS- QoE HCI

Focus Network and Service Interface and Applications
(Delivery Aspects) (Design Aspects)

Experience Terminology Quality of Experience User eXperience (UX)

Classification of QOE Subjective and Objective Subjective and objective

Factors QoS Metrics (physiological) metrics

Standardization ITU-T, ETSI ISO 9241 Series

Consideration of Minor Medium to Major

contextual

(environmental) factors

Business aspects Minor Medium

2. 3. Business: From Service to Customer Experience

In today's cutthroat market, how a business euiifgrentiates itself from the others is the
main challenge and only the viable solution forugibess entity is to improve and enhance the
customer experience. The traditional marketing @g@ghm focuses on the four Ps (Product, Price,
Promotional activity and Place) and it is basedhotion that any customer is a good customer
[34]. 4P approach is focused on attracting new custenigough price and packages, and, of
course, companies spend millions on marketing avérdasement. But 4P lacks to address how
to retain existing customers or make customers ray& to company. A new approach has
emerged to address weaknesses of 4P, it is nani@é éRetention, Related sales and Referral)
[34]. 3R approach focuses on existing customers to ntaken more loyal to service by
providing a rich customer experience. A loyal custo will prefer to buy related products from
the same company and s/he can refer product tosoginel this will definitely boost profitability.
Considerable research in marketing and managemsrdlteady been done to analyze customer
retention and customer satisfaction with servicpeerences 35] [36]. In [37], the authors
presents result of a customer study to understastbmer intentions to stay loyal and satisfied
based on various factors such as price perceptidrservice attributes.

Business people are trying to improve customer mempee, while at the same time
improving their revenue and throughput. B8]} the authors present a Pareto-optimal strategy
that aims to satisfy customer experience requir¢snghile at the same time improving business
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parameters like revenue and throughput of the semmioviders. Since customer experience is a
subjective term, without a concrete meaning or valttached to it, it cannot be precisely
measured. In 39|, the concept of QoBiz (quality of business) netriand evaluation is
introduced which builds up an evaluation frameweelating QoS, QoE and QoBiz factors.
Authors try to model their interaction in order goiantify the customer experience and the
business return, respectively.

In [40], we presented a customer experience based orgalagodel to make service design
and configuration more customer centric. In TMFufar customer experience is the main theme
in their reports and standardization effodd][ They present customer experience model for
multimedia services and they discuss two way vah&n of revenue sharing. They use Key
Factor analysis to map customer experience neetls sgrvice features and QoS parameters
[41].

Business metrics do have a big impact on shapisgpmers’ buying decisions. Most of the
work in marketing and customer relationship managgmevolves around customer surveys and
it provides sufficient information, however busiagseople may not understand complete picture

of customer experience requirements unless theyalear view to technological aspects.

2.4. Contextual information: Towards Personalized and Cstomized

Experience

Context is any information that can be used to attarize the situation of an entity and it is
typically the location, identity and state of pempbroups, and computational and physical
objects #2]. In simple words, we can define it “context reggets the situation and
circumstances in communication ecosystem.” Researchuman behavior psychology also
proves that variation in context and environmeagglects influence human behavibd][

In HCI, context is one of the key influencing fastothere is one standard 1SO 9241-43]
which introduces the concept of a work system, isting of users, equipment, tasks and a
physical and social environment, in order to achiaparticular goals. This standard focuses on
the importance of context of use for any servicapplication in use.

Today dynamic growth of mobile communication tedbges has fueled the efforts to

realize the mantra ofAny Where, Any Time, Any Servigemakes context awareness a key
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component for service customization and persont@izaThere are many researches available in
literature @4] [45] [46] which discuss about context-aware personalizedcss. Context aware
personalized services produce better service pdraatian and user experience based on user
context, however they are not widely used becadsine lack of effective infrastructure to
support these feature4).

In addition to real context, the virtual environrhatso plays an important role in interactive
multimedia services such as audio teleconferendtrigarning, and interactive gaming. A 3D
audio teleconferencing system generates a virtle¢anferencing room.

It could be summarized that the research in coragsdre personalized services could be
helpful addition to improve quality of experienae telecommunication ecosystem based on
contextual data (GPS etc). Furthermore, with tlevgn of interactive multimedia services, the
people to people interaction through virtual enmm@nt is also increasing, and therefore the
influence of virtual context over human behavioowd also be studied. We conducted user
study to evaluate the impact of virtual environmemdracteristics on QoE (cf. chapter 7) and we
learnt that with change in virtual room size, theEyalue also changes. Table 3 summarizes the
QOE related work in each domains discussed in stpart.

Table 3: Comparison of various disciplines w.r.t QoE

. User Experience and : .
_ HCI and Interface Design Usability Service Design Phase

Quality of Experience, User Service Delivery

Networks and Service .
Experience Phase

. I :
Customer Experience and mehiisizyy: Cusiumier

Business . . Touch points, CRM,
Customer Satisfaction .
Marketing, Sales
Context aware services, Personalization, . .
. : . o Service design and
Interactive multimedia Customization, .
. o . delivery
services Localization Easiness etc
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2.5. Understanding Human Behavior: A look into Human Psghological
Models

The human behavior is studied in human Psycholbgij47], Psychology is defined as “the
study of the mind and behavior. It embraces aleetspof the human experience — from the
functions of the brain to the actions of natiomsnf child development to care for the aged, in
every conceivable setting from scientific reseaognters to mental health care services”.
Psychologists tend to understand human behaviocaguitive capabilities. Various technology
adoption models have been proposed to understand different factors influence human

behavior in making a decision to adopt a productatr Few of them are presented below.

2.5.1. Adoption Theories and Models

The psychological models such as Technology AccegtaModel (TAM), Theory of
Planned Behavior (TPB) and Unified Theory of Acege and Use of Technolo@yTAUT)
considerintention” as the main driving factor for human behavis][ Intentions are normally
triggered by some motivational factors which inflae human behavior; they are indicators of
how hard people are willing to try, of how muchaof effort they are planning to exert, in order

to perform the behaviodp).

A widely recognized model is the Technology Accepta Model (TAM) which is a
derivative of the Theory of Reasoned Action (TRBY|[ TAM is applied to a broad range of
information technologies to predict both human nitittns and system usage. There are two

major predictors of behavioral intention basedlmoty of reasoned action:

» Attitude: describes individual’s internal positive or negatifeelings to perform some
behavior or not.

* Subjective Norm/Social Norms (SN):denotes the fundamental social pressures on an
individual's perception to perform some behavionot.

Meanwhile, TAM proposes that perceived ease of asd perceived usefulness of
technology are predictors of user attitude towarglag the technologybp]. However, the TAM
model severely lacks to address the fact that betsare often not under volitional contrdd|.

To address this issue, the Theory of Planned BehdViPB) was introduced by I. Ajzed 9
(Figure 3 shows TPB model diagram). I. Ajzen prgubsn extension to TRA by adding one
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additional aspect called Perced Behavioral Control (PBC) in order to ree the limitations o
TRA/TAM. PBC factors refera whether the person feels in control of action in questior

System complexity, peing, ancfacilitating conditions are factors of PB

There is also an extendecrsion of TPB called Decomposed TPB ([PB) which include:
detailed sub classification of rameter: The DTPB model was found towe better predictiv
power compared to theaditional TPB model and the TAM moc [5]], further more it provide
a comprehensive way to undeand how an individual’'s attitude, subjectivorms and perceive

behavioral control can influenchis « her intention, taking into account fowing factor:

» Personal attitude factors. usability, usefulness, comfort, and haps:
» Social factors:friend & family, organizational pressures, and legaects
» Perceived Behavioral “ontrol: Cost, complexity, help desk d other facilitating
conditions
TPB and DTPB model sns up the influence of internal humanctors (attitude) an
external factors (social normshd control factors (price, complexity of syn etc) to get precis

human behavior.

\

Intention Behavior

=4

Figure 3: TPB Model

These psychological 1odels could be used in user studies understanding th
influence of various factc (attitude, social norms, PBC) over hur behavior.wWanmin
Wu et al. in §2] propose te use of TAM model as QoE construct istributed interactivi
multimedia environmentln [53] authoruses a TAM model for peasive comuting to
understand human behar towards adoption of pervasive corring. Psychological

models such as TAM, 1B, and UTAUT are more focused onderstanding hume
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behavior in terms of technology (product/serviceteptance. But they do not consider
human behavior during service use and/or the implaservice delivery characteristics over
human behavior. Therefore, there is also need fmnes model which also provides

assessment about in-service customer/user requiteme
2. 6. Physiological and Cognitive Factors

In addition to human psychology, there is an omgaffort to understand human behavior

using physiology, psycho-physics and cognitive rsmee

Physiology is a life science and it studies varibigogical organs and systems. Examples
of human physiological aspects are brain wavesit mate, blood volume pressure, respiration,
and skin conductivity.

Cognitive science and mental models are also usedunderstand human task
performance. These models provide precise quamétatformation about human performance
and cognitive capabilities. Examples of human cidgmiaspects are task performance, memory,
attention, human activity, language and human r@ad¢ime.

Psycho-physics is the branch of psychology concerméth quantitative relations
between physical stimuli and their psychologicdeets on human sensation and perceptions
[54]. The use of psycho-physics for audio-visual systédnas received increased attention with
the innovation and development of teleconferenciogmputer games, and virtual reality
systems. Physiology, psycho-physics and cognitovense could make a significant contribute
to a massing of relevant data about human biolbgioé mental capabilities.

HCI has been using human physiology and cognitisiense to understand human
cognitive capabilities. In 95|, a technique is proposed which aims at psychobilyi
interpreting physiological parameters (skin condoce and heart rate), and producing a
continuous extraction of the user’s affective sthteing human computer interaction. We also
incorporate human physiological and cognitive atgpatour proposed model as objective QoE
factors (refer chapter 3), various techniques aesgnted in chapter 4 on how to capture human

physiological and cognitive information.
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2. 7. Existing Models for Understanding Quality of Experience

In this section, some of the prior attempts to ptewntegrated QoE model is presented

Yan Gong et al.g6] proposed a QoE model with quantifiable metrice @E based
evaluation of service usage. They defined five (JaEtors (usability, availability, service
instantaneousness, service integrity, service naiality); however they only focus on the
relationship between QoS and QoE, considering eettie contextual nor the business domain.
In addition, they do not differentiate QoE requiemts based on various human roles and
characteristics.

Andrew Perkis et al.§7] present a QoE model for measuring user experiarfce
multimedia services. Their model consists of measler technical parameters and non-
measurable, subjective, user parameters. All sep@cameters are considered to be measurable
parameters, while user factors such as satisfacatiitiide and habit are considered as non-
measurable. In their model, they do not considgeative QOE factors. Objective QoE factors
are based on human physiology and biology and tamsbe measurable. Subjective human
factors can also be quantified using some empiapgroaches. Finally, they ignore the impact
of context in their model.

Moller et al. p8] present a more detailed taxonomy of the QoS amil @ multi-modal,
human-machine interactions. They divide the QoSrary into influencing factors and
interaction performance parameters, define suleend objective human attributes associated
with QoE, and consider environmental and serviceofa as contextual aspects. However, their
work is focused on multi-modal human-machine aspettteir focus therefore is limited to
specific contextual aspects. Their taxonomy defimger characteristics and user roles, but they
do not consider multiple roles (e.g. customer @ug). They neglect all business aspects in their
model.

Kilkki's model [B9] presents a simple and intuitive interaction betwea person,
technology and business as illustrated in FiguteHdavever, it provides neither a classification
of QoE factors into sub categories, nor provideg detailed (as shown by the red question
marks in the Figure 4a). More importantly, Kilkkiisodel does not define contextual parameters

in any way.
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Kilkki's QoE Ecosystem
Needs 7 ITU-T G.1080 QoE Model
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Figure 4: (a) Kilkki’ Model (b) ITU-T Model

The ITU-T's G.1080 proposes a QoE model that di@ssiQoE factors into two parts:
subjective human components and objective QoS pmeasnp0] as shown in Figure 4b. This
model classifies the technical QoS parameters as gfathe human objective QoE factor;
whereas we believe that QoS could influence hunelmawor like any other business factor
(pricing) but it is not an inherent part of humamn. QoE is set of human centric factors, not
technology centric parameters. Therefore, we aréhefview that QoS is out of the human
domain and it is an external influencing factoritefnatively, like [L4], we also consider human
physical and psycho-physical factors (e.g. humantrmen time, human audio-visual system, and
human mental processing capabilities) that arerabisehe ITU-T's model to be objective QoE

factors (refer Chapter 3).

David Geerts et al.6l] present a QoE model which includes businessntdolyy, and
contextual aspects. They have extendeff] py including the most recent insights from HCI
research, where for example user expectations ehawgy time and different layers of context
play an important role. However, they primarily iscon modeling user experience with HCI
perspective; they do not define any other role$ sisca customer or part of a group. We believe
the differentiation of roles is quite helpful ingseenting QOE requirements into classes as per
different human roles. For instance a customer wags for online VolP service may have
stricter quality requirements than a user who tises online voice chat service. Furthermore a

father, who buys video gaming service for his ghillhys a role of a customer while his child is
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the actual user of the service. It is quite possithat they would have different QoE
requirements.

Building upon these prior works in QOE modeling, next chapter, we propose an
extended version of these models by integratindnnielogy, business; context and human
domains. Furthermore, we define new characterigtiesch domain, and present QoE taxonomy

and cross domain mapping.
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“All these constructions and the laws
connecting them can be arrived at by
the principle of looking for the
mathematically simplesbnceptsand
the link between thefn.

Albert Einstein

Chapter 3.  Holistic QoE Model in

Communication Ecosystem

Highlights
» Conceptual model for multimedia services in comroation ecosystem
* Interaction between various domains in communicagicosystem
* Cross-domain mapping

» Comparison between proposed and existing QoE models
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3. 1. Introduction

In previous chapterQoE related conceptand severalexisting QoE models were
presented. Bilding upon theserior works in QoE modelir, an extendedhodelis presented in
this chapter. The holistic Qofodel provides a high level theoretical vion the formation o
QoOE in acommunication ecorstem.To understand a big picture of Q Notion we define

communication ecosystem.

3.1.1. Communication Ecosysten

A communication ecosysin represents the interaction between dint domains such
technology, business, contextd human ehavior. The term ecosystem hieen used in variot
fields. In ecology, it is defineas ‘a system involving the interaction been a community «
living organisms in a particulaarea and its non living environme [62].” A cultural ecosyster

is defined asa collection of living things and the environment in which tfive [62].”

In [63], A communicationecosystem was presented comprising eer, technology ar
business. Our definition extds that workby adding context as parof communicatior
ecosystem. & define communation ecosystem athe systematic interacn of living (humar
and non living (technology, a business) in a particular contex A conczptual diagram of
communication ecosystem isesented irFigure 5. A communication eysystem consists

technology, business, contextd humar

Human
& EX
Business Objectives Technology

Figure 5: Proposed High level Communication Eco system

A communication ecosstem produces high level blue print nteraction betwee
human, technology, and buss: in particular context. In Figure, SHumar-to-Technology

interaction represents gervice usr experience. Various technological acts such as servi
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features, end-user device functionalities and Qai&rpeters influence the feelings, perception
and performance of a user during this interact®milarly, Human-to-Business interaction is
based on business models and marketing strateBiesiness-to-Technology interactions
represent service providers’ strategies and busimeslels for their technological infrastructure
and how effectively they could make use of thesorgces to increase their profit by retaining
customers as well as attracting new ones. Thitss\atal link for research; however this is not
the focus of current PhD work. Context represehts gossible situations and circumstances
within communication ecosystems. Context is an g influencing factor because it is
possible that a person's feelings and perceptioamg also change with a change in his/her

context.

3. 2. Proposing QoE Model

Human behavior is shaped by internal and exteraelofs. Internal aspects include
biological, psychological and cognitive factors, lehexternal aspects are related to social,
economic and technical factors. In psychology, etiveory discusses how a person’s internal
(physiological and mental) state affects a perdoglsmvior while incentive theory discusses how
an external stimulus (e.g. the environment) affacperson's behavio84]. Thus it is necessary
to capture both internal and external aspects fonome complete understanding of human
behavior. In our proposed QoE based communicatamsystem (Figure 6), human internal
factors are part of the Human domain and externfilancing factors are divided into

technological, business and contextual domains.
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Figure 6: High Level Diagram for QoE InteractionGommunication Ecosystem

In a communication ecosystem, there is a kind otroboop of interactions between
various domains which develops consolidated QoRiirempents. The major interactions are
Human€&=>»Context, (i) Human €=>» Technological (ii) Human €=» Business (iv)
Technology€=>» Business (v) Contex€==>» Techno-Business. Within each domain, there are
three levels of abstraction: entity, roles, andilaites/characteristics. An entity is a real-world
concept or item that exists on its own. In our niodigere are four entities: human entity,
contextual entity, business entity and technoldgaéity. Each entity could have multiple roles
such as a Human Entity could perform the role oder wr customer; similarly, a Business Entity
could be a service provider or device manufactiEach entity has some attributes, for instance,
human factors include subjective and objective Qé&dttors, whereas technological
characteristics include QoS and end-user devicanpeters. Each attribute could be transformed

into metric; a metric is a mathematical set ofvald, quantifiable attributes.

The principle concept therefore is to understagdee and define QoE indicators which
are affected by key influencing factors (such a$ Q@mntext, business) for the service or product
that collectively can be amalgamated to form a @ualf Experience metric through an

empirical, functional, multi-dimensional or completationship. A holistic QOE model is thus a
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conceptual representation of inter & intra-domaalationships in a communication ecosystem.

Now we briefly define different concepts relatedhie QoE interaction model.

3.2.1. Human Domain

The human domain represents a human entity, wimdirn has various demographic
attributes (e.g. age, gender) plays different r¢éeg. customer or user), and when interacting
with technology, has a variety of experiences @eE factors). The human domain interacts
with other domains and this interaction with otldemains in the communication ecosystem

forms QoE requirements.

3.2.1.1 Human QoE Factors

QOE factors are the heart of the human domain laeyl represent the overall assessment
of human needs, feelings, performance and intesitiQWE factors are classified as subjective

and objective factors based on psychological agdiplogical factors as described below.

Subjective QoE Factors:These factors represent both quantitative and tqtigé aspects
about human needs and requirements and they réflecan perceptions, intentions and needs.
Primarily, subjective human factors are based onammsychological aspects. The use of
psychological models such as the Technology AccegptaMlodel (TAM), Theory of Planned
Behavior (TPB), and Demodified Theory of Planned&seor (DTPB) could be of great value to
understand human intentions and behav@jf9]. The selection of suitable psychological
methodologies depends upon the nature of servideeanironment. Subjective QoE factors can
be captured and analyzed using qualitative and daawe techniques as described in chapter 4.
In Table 4, examples of subjective QoE factors araduation methods are presented.

Objective QoE Factors: These are mostly quantitative factors associateith Wwuman
physiological, psycho-physical and cognitive capis. However objective QoE factors could
also be qualitative in nature for example colonthlaspects etc of human.

In our proposed model, the dotted line betweenestibe and objective human factors
suggests that they could possibly be inferred fe@oh other through some mechanism, e.g., a

change in human biological and cognitive parametexdd also influence human subjective
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perceptions and feelings or vice versa. For totalE (both subjective and objective factors are

inevitable. In Table 4, examples of objective QaEtdrs and evaluation methods are presented.

Table 4:Qo0E Factors and Evaluation Methods

Evaluation Methods

Example Factors

Subjective

Surveys, user studies, and customer interviews are
popular means for quantifying subjective QoE factors.
Through user studies, user perceptions and comments are
translated into numerical and interpretable values. Afterward,
some statistical techniques (Pearson correlation, multiple
linear regressions, ANOVA, or Structured Equation Modeling)
or data mining (Rough Set Theory) are used for data analysis.
Qualitative techniques such as CCA framework [16] could also
be used for subjective data analysis.

Psychological: Ease of use,
joy of use, usefulness,
perceived quality,
satisfaction, annoyance, and
boredom.

For objective QoE factors, there are special physiological
tools (e.g., Galvanic Skin Response (GSR) and Body sensors)
used for capturing human biological parameters. While for
cognitive data, human performance models (e.g. GOMS [65])

Physiological: Brain waves,
heart rate, blood volume
pressure, respiration, and
skin conductivity.

could be used to gather objective QoE data. Normally, objective
QoE factors are quantitative in nature; they could easily be
mapped with influencing factors using some statistical
method.

Objective Cognitive: Memory,
attention, human activity,
human task performance,
language and human

reaction time.

3.2.1.2 Human demographic attributes and Roles

In addition to QoOE factors, a human entity has solee., customer, user) and
demographic attributes (i.e., age, gender etc)pleem different demographics (e.g. age and
gender) may have different QOE requirements. Ro&s be classified into three main types
(user, customer, and group).

Customer: A customer is one who subscribes to a serviceisirtde legal owner of that
service; however s/he may or may not be the priraaey of the service.

User: The user is the person who actually uses thewerVhe dotted line between the user
and customer boxes shows the possibility of intenging roles of the two.

Group: A group is a collection of entities that share cartdiaracteristics, interact with one
another or have established certain relations letweach other.

We have presented high level roles but even sufpoass could also be developed such as
expert users, and normal users of a service oveacti passive customers according to their

buying trends. Based on three main roles of humétyewe define three subcategories of QoE.
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Customer Experience: Customer experience is a complete assessment sbbneer
needs and desires. It is based on customer geattrilutes, his/her intentional and
cognitive characteristics, and the task which siheends to perform in certain
environments. Customer experience is mostly infteenby business models of service
providers. Business domain characteristics likecipg, promotion, advertisement,
customer service and brand image are influencimtpfa for a customer. Customer
experience is also related to any pre-service naadsto a customer’s interaction with
customer sales personnel or interface.

User Experience:How a user feels, performs and perceives the tyudliring service
usage is termed as user experience. While the roest@xperience presents more
business specific human view of a product and/ca eérvice, user experience provides
the assessment of user feelings, perceptions aridrmance with respect to technical
performance and the quality of a product and/oraokervice. User experience is
influenced by service features, functionalities] &y the quality of service parameters in
a particular context.

Group Experience: A Group experience represents a shared experieteeén entities
in a group. Multiparty conferencing, social webmultiparty online gaming are a few
examples of the services which involve groups aipbe who interact with each other

during the use of a service and this combined ésmpee is called a group experience.

This sort of differentiation of human roles and relederistics helps to obtain more accurate

QoOE data.

3.2.2. Technological Domain

The technological domain represents a blueprintalbftechnological aspects of the

service life cycle from service design to deliveMl aspects that are designed, deployed and
delivered during a service/product life cycle amnsidered as technological entities (e.g.
services, network resources and end-user deviedsle their associated technical parameters

(e.g. QoS) and specifications (e.g., features amttions) are technological characteristics.
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Technological entities and their characteristicgeha profound influence on a user's experience,

and it is very important to analyze their influercceQoE factors.

3.2.2.1 Technological Entity

Technological entity represents sese@fvices, applications, networks and devices
offered by business entity. The roles of technaalgientity include services, applications,
networks and end-user devices, while their assatiaéchnical parameters (e.g. QoS) and

specifications (e.g., features and functions) anméd as technological characteristics.

3.2.2.2 Technological Characteristics

They represent all key parameters and indicatdieteck to services, network
resources and end-user devices, for example, netfaibure, packet losses and video encoding
rate have profound influence on perceived videolityualt’'s highly important to map
technological characteristics with QoE factors. TQeS-QoE relationship is investigated
(cf.chapter 5&6), the results of user study to eatd combined effect of multiple QoS

parameters on QOE is presented.

3.2.3. Business Domain

The business domain represents a holistic view sinless aspects, linked to a particular
service offering. Today, effective management & thistomer experience is one of the single
most important differentiators in this highly comipee market. From the provider's point of
view, it is very important to know how business reteristics such as advertisement, pricing

and billing aspects should be designed to satisfyorner needs.

3.2.3.1 Business Entity

The business entity possesses technical entitiegdrie infrastructure etc) and it may
have different roles such as service provider, agtvoperator, marketplace provider, content
provider and device manufacturer. Customers estabfiteractions with business entities to
subscribe to services that fulfill their intendemhfs. Business Entities may have also sub classes

such as customer touch point, kiosks, customer @npcenter etc. The interaction between
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customer and provider can be direct or indireaj.(enline), but in both cases this interaction

experience develops positive and/or negative fgslin

3.2.3.2 Business Characteristics

The business entity has properties (e.g., a busimexlel and strategy) which define the
direction of its businessThe business model is defined i66] as the sum of how the
organization does business (how it is organizedatwhsells, how it delivers products and
services, how it adds value), the business managemlkes governing its strategy, and how it

wants to measure the performance of the business.

In broader terms, a multimedia service businessevahain consists of customer model
characteristics, intra and inter-enterprise businesharacteristics. Customer-centric
characteristics include advertizing, pricing, prommot customer care, and brand image. Intra-
business characteristics include multimedia praigdegoals, business strategies (sales,
marketing), available resources and their utilaatiInter-enterprise characteristics are vital
characteristics for multimedia providers becausayanultimedia service delivery value chain
is not within the monopoly of one provider, buistshared between different business entities
(e.g., content provider, service provider, and oekwoperator). Inter-enterprise business
characteristics are related to legal, financial 8hé (Service Level Agreement) aspects to fix

the responsibilities between different stakeholders

For providing superior quality of experience totomsers, there is need of an alignment of
these three broad business characteristics wittormigs QOE requirements. Furthermore, it is
also essential to bring closer the technologicadl lamsiness characteristics in order to create an
integrated technical and business solution (thedtx around these two domains in Figure 2 to
show their tight coupling).

3.2. 4. Contextual Domain

In a communication ecosystem, context represerg@scittumstances, communication
situations and environment at the time of intemactbetween human, technology and business

entities. Research in human behavior psychology pl®ves that variation in context and
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environmental aspects influence human behaviodingaus to argue that context cannot be
ignored when modeling QoE in a communication edesys Contextual aspects influence the

human perceptual experiences, resulting in a sagmf impact on the overall QoE.

3.2.4.1 Contextual Entity

The contextual entity is a representation of théuasional and other various
circumstances within a communication ecosystens kiroadly classified into three categories:
real, virtual, and social.

* Real context represents the real situation of interaction leetwthe various domains of
a communication ecosystem. Few examples includepdeat) spatial, and climatic
context. Temporal context is related to time infation like the time zone of the
customer/user, the current time or any virtual ti@patial context is related to physical
objects and spatial attributes like some one’stiona Climatic context is related to
climate and weather information like sunny or rawsather.

» Virtual context: an image of the real environment that tries tadpa natural feeling to a
virtual world. A virtual environment may be utilidgo bring innovation to how people
communicate, play on-line games, participate inatentlassrooms or any other possible
application of virtual reality.

» Social Context: the social aspects of context. Usually, interpessoglations are social
associations, connections, or affiliations betwiamor more people. For instance, social
relations can contain information about friends, neiles, neighbors, co-workers, and

relatives.

3.2.4.2 Contextual Characteristics

Each contextual entity may have some specific chargtics and parametric
specifications. For example, GPS data for a looatithe echoes and reverberations of
teleconferencing rooms, the size of the virtuakdehferencing room. Changes in contextual
aspects have the tendency to influence human bmha¥ person participating in a
teleconference or a telephone call who is sitting iquiet room has different QoE requirements
than a person conducting a call or conference vdtdading in a railway station, at a bus stop or

in a cafeteria.
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To provide improved customization and better usepegence, technological and
business domains should be agile and adaptive @&ndagunderstand human quality

requirements in each context.

3. 3. Mapping

3.3.1. Inter-domain Mapping

Social science models attempt to establish cawdationships between prediction and
outcome variableso[/] [49] [48]. Similarly, we divide all factors into three madategories (i)
Prediction factors (ii) Outcome factors and (iiipMeration factors (cf. Figure 7).

Prediction factors are also called independenhfiuencing factors and they are used to
explain or predict changes in outcome factors. kpamunication ecosystem, we have three
broad set of predication factors which could aff@dE such as technological characteristics,
business characteristics and contextual charattsri©Outcome factors, also called dependent
factors or QoE factors, are based on human subgeeind objective factors. QoE is set of
outcome factors in a communication ecosystem warehdriven by influencing factors. Another
category is moderation factors; they representt afstactors which affect the direction and/or
strength of the relationship between predictiontdiec and outcome factors. Examples of
moderation factors are human demographic attrib(¢es, age, gender, and income), human
roles (e.g., customer, user) and context (e.gatioe). Context is a tricky domain as it could be a
prediction factor (for instance, perceived sociassure influences a person to perform or not to
perform the behavio®P]) or a moderation factor (for instance, user aata also be categorized
as per user location).

A causal process is a “cause-effect” relationshyhere prediction factors directly
influence outcome factors. For example, degradaimo®oS metrics for VoD service could
cause annoyance to user (degradation in QoE). &nmehere is direct causal relationship
between degradation in QoS and human reaction. diatien process is an intervening process
and it refers to the situation where another fadtas indirect effect over direct causal

relationship between prediction and outcome vagmbl
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Figure 7: Inter-domain Interaction

User annoyance is noblely cause by decline in QoS of a VoD trvice. For exampl
when QoS declines, a usenay or may not be annoyed dependiupon the busines

characteristics, i.e., if they payr a service or nc

Thus, it is recognized iour model that there may be a relationsor some associatic
between business, technologyd contextual aspects which indirectly infice human behavic
If there is no mediation betwn domains, a o-on-one direct relationsh is establised; for
example, as given in chapterébQoE-QoS relationship is established.

Moderation is a proceswhich could alter the strength of a causelationship. Huma
attributes (age, gender) and han roles (customer or user) are considers moderating factol
which could alter the strength causal relaonship. For example, people:llonging to differen
age groups may have differervel of tolerance towards QoS degradatiOr a customer wh
buys a VoD service has a diffint QOE requirement than a user who is ua free VoD service
thus a moderatioprocess segrnts or individualizes global QoE factor irsubcategories bas
on age, gender, user or cuser roles etcUnlike mediation, there is nneed fc prediction
factors and moderation factito be correlated and that corrdor has no special
interpretation. However, ggredction factor: and moderation factoese to) highly correlatec
there can be estimation prems [67]. For more detail about modeing and mediatin

variables, work§7] [68] could be referrec
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The causal relationship between the predictionofacand QoE factors is a permanent
link, while mediation and moderation process argoopl and they are instantiated incase more
accuracy and in-depth view on QoE is required. Eoqugi) presents a simplified relationship

between domain characteristics.

Total QoE (Moderation factors) = Direct effect (Rlietion factors) + Indirect effect (Mediating fac8) (i)

3. 4. Comparison with Existing models

The proposed QoE model brings all disparate piesfesommunication ecosystem
together to understand total QoE. Our proposedatimiaded QOE model extends prior work on
QoE modeling by defining new taxonomy and by linkiall the domains of communication
ecosystem. In 2.7, various QoE frameworks/modelse wiscussed and now we sum up their

main points in order to compare them with our psgabQoE frame work.

Table 5: Comparison between our proposal modelseihect to other models

QoE Frame works
Main Features Yan Andrew Sebastian ITU-T Kilkki David Khalil et
Gong et Moller et Model Geerts
et al. G.1080 al.
al. al. et al.
Demographic
Attributes No No Yes No Yes Yes Yes
Human
Domain Roles Limited No No Limited Yes Limited Yes
Subjective QoE Limited Yes Yes yes No Yes Yes
Objective QoE Limited No Yes No No Yes Yes
Technolo Technological L
gical Entity (roles) Yes Yes Yes Yes Yes Limited Yes
Domain | TE Characteristics Yes Yes Yes Yes Yes Yes Yes
Business Business Entity No No No Limited Yes Limited Yes
. (roles)
Domain — — —
BE Characteristics Limited Yes No Limited Yes Yes Yes
Contextu | Contextual Entity No Limited Yes Limited Limited Yes Yes
al (roles)
Domain | CE Characteristics No No Yes No No Yes Yes
QoE- QoS &%?Em%%?l HCI + Comm
(Delivery) | QoE- QoS QoE-QoS Comm: QoE- Ecosystem
Focus . Human . g
+ (Delivery) : (Delivery) | Ecosystem QoS (Design to
- Machine - .
Usability . Link Delivery)
Interaction
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From Table 5, it is clear that our proposed franmkwprovides more comprehensive and
consolidating view to QoE than others because pooposed model not only concentrates on
subtle details of human domain but it also bringetber work in QoS, HCI, business,
psychology and physiology together.

3.5. Conclusion

As the era of human centric services, productgiheand delivery flourishes, the focus is
shifting towards multi-disciplinary Quality of Expence approach. The first challenge is to
integrate the effects of different actors of a camioation ecosystem to better understand
human behavior. Conventionally, engineers, econsmaad psychologists investigate human
behaviour with different perspectives and objedividowever QoE is a converging approach
therefore it requires bringing all stake holdergetber to agree on holistic QoE vision with

appropriate taxonomy.

A more abstract notion of QOE is introduced whidloves us to construct a general
framework in which every participant in a commumica ecosystem deals with QOE,
technology and business concerns at its own Idvabsiraction. QoE Interaction model help us
to understand what is going on in the interactionvben a human entity and rest of domains. It

addresses the translations between what the uses wad what the system does.

Holistic model provides the conceptual view to QmEmation process. Conceptually we
link disparate domains of communication ecosystémgether to understand total QoE. Each
domain represents a different terminology, funalorequirements, and even management.
However in practice, it is quite difficult to measuand manage simultaneously the combined
effect of all influencing factors belonging to @ifent parts in service life cycle.

This model is not meant to be proscriptive, butptovide taxonomy of the relevant
variables and their interactions in order to aidcgitioners in thinking more broadly about QoE.
Instantiating the model will depend heavily on tt@ntext in which it is applied: specific
variables will be more important and lend themselv®re easily to measurement. Our goal is to
provide a high-level model that can be adapteddnyspecific contexts and to encourage future

research which examines these cross-domain resiijos
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Part 2: QoE Methods

Study, Measurement and Evaluation

Introduction

In the digital age, there is a rapid growth of was multimedia applications and services,
such as teleconferencing, video streaming, VolPIBnilevision (IPTV). Meanwhile, network
management concepts are also evolving, and thenx@uio network management paradigms
aspire to bring human like intelligence to telecaimnimation management task$].With
continuous technological advancement and mountorgpetition between service providers,
there is an increasing demand for accurately afedtefely evaluating and improving Quality of
Experience (QoE) of multimedia services. For adeuexaluation, it is important to understand
all those aspects which could impact user’s qualitgxperience.

There are many network-dependent, application-Speatontent-based, business and
context oriented factors which influence multimedp@E. The task is highly challenging
because it require multi-disciplinary knowledge ofultimedia communication, human
perception systems, psychology, human physiologyntext, business aspects and even
sociology.

All actors of communication ecosystem may vary dinge but to simplify our work,
throughout chapter 5 to chapter 7, we modify charétics of only a particular domain to

verify its impact on QoE, while considering oth@nthin’s characteristics as constant.

In this part of thesis, the focus will be on preatistudies and analysis methods, used
for the evaluation of QoE. In chapter 4, we presamtoverview on QOE based assessment
methods and techniques. In chapters 5, 6, and 7nstantiate QoE model and present user

study results, conducted over multimedia servicesrtderstand link between QoE and other

Part 2 Page 84



Part 2 Page 85



“Being exposed to theory,
stimulated by a basic love of concepts
and mathematics, was a marvelous
experience.”

Rudolph A. Marcus

Chapter 4. QoE based Methods and Analysis

Techniques for Multimedia Services

Highlights
* Multimedia Services and QoS requirements
* How to quantify and analyze Quality of multimedigerience?

» Subjective Assessment Methods and Objective Assadsktethods
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4.1. Multimedia

Multimedia services were long projected as the rluttevolution in computing, until the
mid-90s, they were uncommon due to the expensivéwaae performance requirements and
cost. But with increases in performance and deese@n price, multimedia is now everywhere.
Nearly all personal computers and smart phonescapable of handling multimedia content,
though the available quality depends on the pow#reo computer's video adapter and
microprocessor. Multimedia communications refers rmachine-processable information
expressed in multiple media, such as text, voigapfycs, still image, audio, video and

interactive data as shown in Figure 8.

Tet  Animation  Still Image Audio Video  Interactivity

%" \@ 62

W oé&

Figure 8: Types of Multimedia Data

Definitions are given below for different types wiultimedia data. Text is collection of
fonts, their style and special effects. Still Imaigea digital representation of non-textual
information, such as a drawing, charts or photdgsaghe two most common file formats for
graphical files are JPEG (Joint Photographic Expé&toup) and GIF (Graphics Interchange

Format).

Animation is an artificial movement of text or obig in particular sequence. Audio content
consists of speech, music and other types of solimel.sound is captured using a microphone,
CD-ROM, radio, musical device or any other audipuindevice §9]. Video is collection of
images. There is special video production matdaalcapturing, digitizing, editing video and
transmitting it. Due to the size of video files, angorating video into a multimedia application is

often a challenge. The Motion Pictures Experts @roas defined a standard for video and audio
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compression and desmpressia, callet MPEG. Video compression has pled important role i
the spread of multimedia videcontent[69]. Interactivityrequires certain iout from the user i
order to deliver a set of informion through words, graphics, images, or '0s Virtual reality is
important sub factor of intectivity. It is actually the simulation ofi real or imagine
environment tht appears as thre-dimensional (3) synthetic space. nd it has dynami
properties specified bgoftwars [69]. Virtual Environment is created fcvarious multimedi:

services such as 3Deleconferaeicing, Online gaming e

4.1.1. Types of multimedia service

Multimedia services came subdivide based on their temporalnd data symmeti
requirements, as shownhingure 9.

Multimedia

Applications &
Services

Real Time Non-Real Time

Symmetric Asymmetric Symmetric ASymmetric

Internet relay

Telnet etc

Figure 9: Types of Multimedia Services

Time dependence and synetry are two important aspects on undexding the categorie

of multimedia services.

Any application that has sngent timing requirements is termed as -time and otherwise
non realtime application. Anapplication’s symmet property means tat the requests ai

responses are comparable iirms of resource consumption. While irrms of asymmetn
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requests are considerably less resources consuhmangresponse. Web browsing and FTP are
examples of non real-time and asymmetric servicesghay neither have stringent timing
requirements nor equal resource consumption on &éads. VoIP is an example of a real time
symmetric audio application. This application regsireal time request and response with equal

resource consumption on both host machines.

On the other hand, video streaming service suchVideo-on-Demand (VoD) is time
sensitive but asymmetric since it consumes muclemesources in the VoD server (response)
than in client machine (request). Real time appbcs have stringent QoS requirements for
adequate user experience. The packet loss andrgtjeirements are essential for transmitting
data at a constant, reliable rate. The delay rements are strict in order to maintain system
timing.

The ITU-T Recommendation G.101@0 provides guidance on key factors that influence
Quality of Service (QoS) from the perspective af #nd-user. The key parameters used by the

ITU-T to describe human requirements for audio aiddo applications are given in Table 6.

* degree of symmetry (one-way or two-way communicgtio
» data rates
» delay variation (also referred to as jitter)
» information loss (which includes bit errors, packets, and also coding artifacts)
» Other aspects like adequate echo control, synctation between streams and packet loss
concealment
In short, there are many network-dependent, agmitapecific, content-based, business
and context oriented factors which influence mudtiia QoE. For instance, packet loss, packet
reorder and delay are the major network-dependenorfs, frame rate, and coding rate, are the
major application-specific factors, content chanasties (e.g., slow and fast moving video
content) are the main content-based factors, wiaffect overall quality of experience.
Moreover, business factors (such as advertisenmite and billing) may also influence
customer’s intentions and behavior, for instanceustomer using a paid Video on Demand
(VoD) service may have higher quality requiremehtmn a customer using a free VoD service
(e.qg., YouTube).
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Table 6: QoS for Multimedia Services (ITU-T G.1010)

_ Audio Services Video Services

Conversational Voice ;;iggﬁihty
Applications 7o messaging audio g Videophone  Streaming

T Primarily Primarily Two-way e
symmetry one-way one-way
16-128

; ; . 16-384 16-384

<1sfor <150 ms
<150 ms playback
(0)iCRIZ\Y <10s preferred
preferred < 2sfor <10s
delay . <400 ms
<400 ms limit  record ..
limit
Del?y. <1ms <1ms <1ms
Variation
. < 3% packet o o
Information loss ratio <39% PLR <1% PLR < 1% PLR <1% PLR

Loss (%)

Lip-synch:

All these influencing factors jointly affect QoEaBed on these influencing factors, accurate

(PLR)

assessment of QoE metrics is crucial to networkrpiay, in-network quality monitoring, and
guality assurance to end-users.

QoS parameters represent the quality of multimediaices from technological point of
view; and QoE is needed to provide accurate assegsoh quality of multimedia services from
user’s point of view. Hence, there is need to mtmweards quantifying QoE and next linking
QoE with QoS to get accurate user experience assessin next, QOE assessment methods are
presented.

4.2. QoE Assessment Methods

QOE is based on several psychological and cognitigmrs such as such as habits, moods,
expectations, needs, etc. For service providers, important to quantify QoE and measure it
with accuracy. Quantifying QOE means translatingruperception and performance into
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statistical and interpretabl@lues. There are two main methods for me:ments nd analysis

of QOE as given in Figure 10.

QoE Methods

Subjective
Methods

Objective

Objective QoS

Qualitative based

Techniques

Techniques

Physiological Human
Tools and Cognitive
Techniques Techniques

Figure 10: QoE Assessment Methods

4.2.1. Subjective Assssment Method

The Subjective Assessment (¢ is based on surveys, interviews and statil sampling of user
and customers to analyze thperceptions and needs visAg- service ad network quality
There are two broader technics for conducting subjective stuc:

() Qualitative technique@i) Quantitativetechniques.

4.2.1.1 Qualitative Techiique

Qualitative techniquesapture human perceptis, feelings and opion through verba
behavior. Qualitative ata repreent verbal behavior and consist of wornd observations, n
numbers 15]. Openended surey questions, customer interviews, testiials, comments o
blogs, and social media prod: bulk of qualitative datéThe participant oservation, i-depth
interviews, and focus grouse three most common qualitative method4]] Each method is

particularly suitedfor obtainin¢ a specific type of datiThe common exmples of qualitativ:
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data are narrative sentences, videos and audiosseTthree methods generate field notes, audio

(and sometimes video) recordings, and transcripts.
4.2.1.2 Qualitative Data Analysis

For the analysis of qualitative data, simple CCAat@log, Categorize, and Analyze)
framework is usedl16]. The most meaningful metric related to verbal lv&bra is the ratio of
positive to negative commentsd. It follows three preliminary steps as show iguiie 11. The
three simple steps of CCA framework are Catalode@aize, and Analyze. CCA catalogs and
categories the ratio of positive to negative comime@md produces results in histogram formats
etc.

Catalog Categorize Analyze

e Text or * Positive

Narrative Data * Neutral
* Audio Data * Negative
* Video Data

* Frequency
* Histogram etc

Figure 11: CCA Frame work

There are also more advanced approaches for im-deyalysis of subjects verbal behavior
such as grounded theoryd. In Chapter 5, we present subjective study toewstdind QoS and
QOE relationship based on both quantitative anditgtise assessment.

4.2.1.3 Quantitative Techniques

This is based on surveys, and user studies. Thikaaiecaptures human perceptions,
feelings and cognition in the form of numbers andrmgifiable data. Closed-ended questions
with ratings and scales produce quantitative datas method typically involves the
construction of questionnaires and scales.

For data analysis, parametric and non parameticssts is used. Other powerful data
mining techniques such as Rough Set Theory (RStildcalso be usedr{l]. Throughout
user data analysis in current thesis; parametdo, parametric tests and rough set theory
were employed. A brief description of various imjpot steps is given below to understand

the process of subjective user study and quantta@ata analysis.
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Step 1: Study Planning:First of all, prediction (influencing factors) amaditcome (QoE

factors) should be defined for a multimedia servioder study. The first task is to develop

some questionnaire based on QoOE conceptual mad€r5) [76], a detailed discussion is

presented on how to develop a questionnaire for stsgly based on some psychological

model. In questionnaire, it is important to knowievhrating method and scale to use. An

overview is presented below;

* Rating Methods: There are three main rating methods. ACR (Absota¢egory

Rating) method, DCR (Degradation Category ratirag)] PC (Paired Comparison.
ACR is a category judgment method, where the tgisnces are presented one at a
time to subjects and they rate it on categoricalesff7]. This method is also called
single stimulus method. Another method of ratingSR (Degradation Category
rating), where subjects are asked to rate the mmgent of the second stimulus with
reference to the original stimuli. A Paired Compan (PC) is simply a binary
choice. With the method of paired comparisons,tatstimuli, or items, is judged,
usually by presenting all possible pairs of thengeto each respondent who chooses
for each pair the item that better satisfies trecgi@d choice criterion (for example,
more preferred, more serious, more beautifulg].[ Advantages of paired
comparisons as a method for eliciting human juddmenclude the method’s
simplicity and its use of comparative judgmentst &hen a large number of items
are to be evaluated in the same test, the procdrised on the PC method tends to
be lengthy. In such a case an ACR or DCR test neagabried out first with a limited
number of observers, followed by a PC test solelytimose items which have
received about the same rating]|
ACR is easy and fast to implement and the presentaff the stimuli is similar to
that of the common use of the systems. Thus, ACReiésuited for qualification
tests. When it is important to check the fidelitithmespect to the source signal,
DCR method should be used. DCR should also beepdir high quality system
evaluation in the context of multimedia communicati Discrimination of
imperceptible/perceptible impairment in the DCR lscsupports this, as well as

comparison with the reference quality.
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e Scales: Scales quantify human subjectivity. Different tgpef scales are used to
capture user perception and feelings. User scoeeacaually the value we gather and
analyze in order to infer QoE. Thus it is importdotselect a suitable scale for
subjective user study. There are three main typescales, nominal, ordinal and
interval or ratio scales. The most basic scalensrainal (binary) scale. It simply a
binary category of 0 and 1. This scale is used dpture discrete categorical
information, for instance, this scale could repntggersonal liking, for instance O
means “no” and 1 means “yes” or it is also usedapture gender information, for

example, O for “female” and 1 for “male”.

In ordinal scale, theres a clear ordering of the variables. It represeanking in
order. For example, top five songs in chart, ofeéM@rite movies of a subject. ITU-
T has also proposed ordinal MOS (Mean Opinion Scaeaale 79 which is
normally used for perceived subjective quality nueesient. MOS scale is also
called Likert Scale. In fact, ITU-T ACR MOS scaledaDCR impairment scale are
five category ordinal scales as shown in Table venEthough we can order MOS
score from excellent to bad score, the spacing dmtwhe values may not be the

same across the levels of the variables.

Table 7: MOS Scale

Quality Rating Impairment Rating MOS Score
Excellent Imperceptible 5
Good Perceptible but not annoying 4
Fair Slightly annoying 3
Poor Annoying 2
Bad Very annoying 1

Interval-level data possess the characteristicsomlinal data with the added
characteristic of equal distance between leveth®fvariable §0]. Interval scale has
either no labels or labels only at each end oktta#e as shown in Figure 12 (b).
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T T Exremely High 10
Excellent 5 Excellent
Good 4 Good
Fair 3 Fair
Poor 2 Poor
= [ = Exremely Low 1
Figure 12: (a) Ordinal Likert Scale (b) Interval Scale

Non-parametric statistics is normally used for #realysis of ordinal data, while
parametric statistics is used for interval scalbas the use of Pearson correlation
and regression equations should be avoided foratiadysis of ordinal scale data
[14] [81], otherwise there is possibility of making wrongadsis and hence
judgment. But there is another school of thoughtjciv believes that parametric
statistics can be used with Likert scale (MOS 9calith no fear of coming to the

wrong conclusiong2].

* Demographic Information: It is also important to include the basic inforroati
about subject’s demographic attributes (such as gayeder, education and income)
in questionnaire. Age and gender are considereticaierating factors in UTAUT
Psychological model4f]. In previous chapter, we also discussed thatatmurate
assessment, it is essential to segment QoE baskdnean demographic attributes.
This information may be used to moderate overalE @odings on the basis of these
factors.

Step 2: Test SetupOnce the questionnaire is ready, the test setnpaded to conduct test.
The environmental condition of test lab, numbeswbjects, tools employed for testing should
be prepared as per any suitable testing standarfg7Q].

* Number of the Subjects:About the number of subjectbere is no simple answer to

this questions bua small user study can be a waste of resourcesotonaving the
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capability to produce useful results, while an esiged one uses more resources
than are necessar83 . As per ITU-T's recommendatio’T], four is the absolute
minimum number of subjects for statistical reasevisle there is rarely any point in
going beyond 40. In general, ITU-recommendatiofl1P.suggests at least 15
observers should participate in the experiment.

» Laboratory test vs. Field test: Though ideally field tests with real customers or
users is recommended for more accurate assesdnaset] on the context of study
and its requirements, a special environment coelddveloped for user study.

* Lab Environment: If user test is to be conducted in lab environmsepgcial care
should be taken to ensure near to real-environmegmerience to test users/subjects
in the lab. To get accurate and bias free assessedmneous variables should be
controlled in lab environment. Extraneous Varigbége undesirable variables that
influence the relationship between the variableg #n experimenter is examining
[84]. Extraneous variables include situation and pigdint variables. Situation
variables are aspects of the environment that nagbtt the participant’s behavior
e.g. noise, room temperature, lighting conditiotisje, seating arrangements,
listening and viewing conditions et@4q [79,85]. Situational variables should be
controlled so they are the same for all participafarticipant / Person variables
refer to the ways in which each participant vafiesn the other, and how this could
affect the results e.g. mood, intelligence, anxiagrves, concentration, background,
age and gender et84]. For example, if a participant that has perfornaedser test
was tired, ill, or had poor eyesight, this coulteef their performance and the results
of the experiment. The experimental design chosenhave an effect on participant
variables.

» Test equipment setup:There are suitable test tools available to capiaiéic and
even shape the traffic as per test requirements.

- Traffic capturing tools: Wireshark is popular network traffic capture taold it
is open source multi-platform network protocol gual [86]. It captures data
from a live network. Other data capture tools ampdump, EtherApe, and
Kismet [87].
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- Traffic shaping tools: Traffic shaping regulates network data transfemiet
certain level of quality of service (QoS) requirerntse Traffic shaping is used in
network emulation to analyze the impact of netwaskh protocols and
applications. Network emulation is one way to eatduhe network performance
in a controlled and repeatable environme3].[ It is implemented at network
edges to control the incoming and outgoing traffi¢he network. The common
network traffic shapers used to shape networkitrafie NetEm §9], Dummynet
[90], NIST Net P1]. NIST Net is a Linux kernel extension providesutation of
network such as delay, packet duplication and paédes. NIST Net and
Dummynet do not have their own filtering and queguprocedure92]. NetEm
provides Network Emulation functionality for tesgiprotocols by emulating the
QoS parameters such as variable delay, packet pzaket duplication and
packet re-ordering3g).

Step3. Training SessionPrior to conducting a formal user study, pre-tesevaluation of
test setup should be done, and a training sesbmmd be conducted to educate subjects about
the objective of the test.

4.2.1.4 Data Analysis Techniques

Once user study is complete, data are to be arthlygeg some statistical or data mining
approaches. Conventionally, non-parametric stesiss used for ordinal and nominal data, while
parametric statistic or descriptive statistics iscufor interval or ratio data. In following Table 8

based on work93] [81], parametric tests and analogous nonparametricegioes are presented.

Rough Set Theory (RST) could also be uskg for quantitative data analysis,. RST is a
powerful mathematical tool to process indefinite amcbnsistent data7f]. RST focuses on
discovering patterns, rules and knowledge in datanodern data mining theory. Compared with
other data mining technologies, rough set theogyrhany advantages, such as it does not have
information loss, and it is both flexible, and enrdable.
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Table 8: Parametric and Mamametric Procedures

Parametric Statistics Non-Parametric Statistics Analysis Type

Compare means between
. tw istinct/independent
Two-sample t-test Wilcoxon rank sum test 0 IR T
groups
Compare two quantitative
. : . measurements taken from
Paired t-test Wilcoxon signed rank test urements
the same individual
Compare means between
Analysis of variance Kruskal-Wallis three or more
(ANOVA) test distinct/independent
groups
. . , Estimate the degree of
Pearson coefficient Spearman’s rank L 5
. : association between two
of correlation correlation o :
quantitative variable

RST has obtained widespread application in maclkeaening, data mining, policy-
making analysis, process control, and pattern matog. It is widely employed to refine
and classify the captured raw data into usable. data detailed knowledge about RST,
readers can refer t&/4]. In [94] rough set theory has been used for the assessvhen
customer churn rate and loyalty for telecommunéraservicesin [95], RST and Multiple
Linear Regression (MLR) techniques were investdjatied authors observed that MLR had less
value of accuracy and quality of approximation mmparison to reductions resulting from
Rough Sets analysis. It means RST performs bétéer MLR.Rosetta software is open source
RST tool and it provides user friendly interfa8é[

In RS theory, data are presented in an Informa8gstem (IS). QoE data can be
analyzed by formulating it in information systemncept of RST. Basic definitions and
concepts are given below.

Definition: 1S=(U,A,V,f)where U represents the universal set with finite setnof
Objects{x1,x2,...n},Als non empty, finite attribute s@1,a2...n).

One attribute corresponds to one equivalence oslatie.,A=CUD,and C N D = @,

C is called condition attribute set and D is cabesddecision attribute set. V is domain value
of attribute seta and f is decision function called information functiohhis distinction
between conditional and decisional attributes adlow to establish a causal relation between
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attributes. Defining QoE factors as decisional afsles and influencing attributes (QoS,

business metrics, & context) as a conditional \deiathe RST enable us to see how

conditional attributes (e.g., QoS) influence theisienal attribute (QoE).

Some of the important properties of Rough Set Th€RET) are given below which are

used to classify and reduce data to important dath achieve CORE influencing QoS

factors.

Indiscernibility of Objects: Using this operation of RST, one can analyze the
similarities between the user responses in a guevey. It is defined as.

IND (C) = {(x,»)|(x,y) € U"2,Va € C(a((x) = a(y)} Oi

That is, if user x and y are “indiscernible” bysat of condition attributes C (denoted
byIND (C), shown as in equation (ii), this indicates thakréh exists an
indiscernibility among x and y with regard ©. This indiscernibility relation,
IND (C), splits the given set of users in the surv@y into a family of equivalence
classe§X1, X, X3, ... Xr} called elementary sets.

Rough Set Approximation: The three main concepts are upper approximation,
lower approximation and boundary region.PIfc A is a set of condition attributes
andX c U is set of users, then

P.X={x€eUx]p € X} (i)

P'X ={x e U:[x]p N X # @} (iv)

Equation (iii) and (iv) represent the lower approation and upper approximation of
a rough setThe lower approximation is a complete set of olgjetttat can
bepositively(i.e., unambiguously) classified as belongingamét seX. The upper
approximation is the complete set of objects thapassiblymembers of the target
setX. Theboundary regionis given by set difference betwe#®iX — P, X and it
consists of those objects that can neither be rnaledr ruled out as members of the
target sek.

Attribute Reduction and CORE: RST helps to reduce the huge list of attributes to
only effective ones which truly matters. CORE is 8et of indispensably important
factors. If Service Providers will not be able tgpport “CORE” factors, then it will

definitely result in a poor customer experience.
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IV. Decision Table and Rules: Helps to understand the reason of users
acceptability/unacceptability based on influencifgondition) attributes. The
decision table and probabilistic analysis descrthe set of rules about user
experience factors. With every decision rule twaditonal probabilities, called the
accuracy (i.e., certainty) and the coverage caefii¢ are associated. The accuracy
coefficient expresses the conditional probabilitgttan object belongs to the decision
class specified by the decision rule. The coveragdficient gives the conditional
probability of reasons for a given decisi®@¥]] We calculate support, accuracy and

coverage of condition attributes fro®¥] corresponding to decision rules.

Support of the Rule:

. (C,D
0 (€, D) = ZPRELED v)

Accuracy of the Rule

ox (C,D)

Cer, (C,D) = ~(c)’ (vi)

whererr(C(x)) = lel

Coverage factor of the decision Rute

gy (C,D)

COUx (C, D) = m (VII)

wherer(D(x)) = 2

4.2.2. Objective (QoS based) Techniques

In this approach, QoE is inferred from QoS datarnhly these techniques are known as
objective assessment techniques, because unliectiub user data, they produce concrete
guantitative data. This approach is technical pedpéndly approach, as engineers are more
comfortable with handling machines and networkfizafthan dwelling into psychological or

subjective user models.

4.2.2.1 Objective Assessment Techniques for Video Quality
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Various objective video quality assessment teclesduave been developed and they may be

classified into three categories:

Full Reference (FR) methods compute the qualitietthce between an “original” version
of the image/video and a “distorted” version. NddRence (NR) methods estimate the quality of
the signal without any knowledge of an “original’rsion. Reduced Reference (RR) methods
have access to partial information regarding amgfioal” version to compare to the quality of a

distorted signal.

The common objective techniques for the assessaiamtieo quality/fidelity of multimedia
content are PSNR, SSIM and VQM. Peak Signal to &&tatio (PSNR) is the classical and
widely known FR objective measurement parameterchvhcalculates the mathematical
difference between every pixel of the encoded vidad the original video9[7]. Structural
SIMilarity (SSIM) is another FR technique, which quemes information about luminance,

contrast and structural similarity between origiaatl processed pictur@g].

Video Quality Metric (VQM) is a VQA algorithm dewmgbed at the National
Telecommunications and Information AdministratioNT(A) [99. Due to its excellent
performance, the VQM methods were adopted by Iateynal Telecommunications Union
Recommendations (ITU-T J.144 and ITU-R BT.1683hbadopted in 2004). VQM is used for
FR quality assessment for television, and redueéetence (RR) and no-reference (NR) quality
assessment for television and multimedi@(. For more information about objective video

guality metrics, the surveys of objective videodgyametrics [LO]] [10Z could be referred.

4.2.2.2 Objective Assessment Techniques for Audio Quality

ITU-T has proposed two processes for objective ssssent of audio services and
applications, intrusive mode, non-intrusive moditrusive mode” means that the quality
assessment system requires that a signal is idjetie the system under test in order to generate
a degraded output signal. This implies that thenneamust be taken out of service for normal
traffic. Examples of intrusive mode are PSQM (Pptgal Speech Quality Measure), PESQ
(Perceptual Evaluation of Speech Quality), PAMSr¢Bptual Analysis Measurement System).
PAMS is British Telecom proposal for speech quagluation. ITU-T recommended PSQM in
its recommendation P.861(Q3 but it was recognized as having certain limitatidn specific
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areas of application. It was reced by 1.862, known as PESQT] which contains an improve
objective speech quality assment algorithm. lost recently ITUF recommended P.8¢
P.OLQA (Perceptual Objectiviistening Quality Assessmer[104] to forma new voice qualit
testing standard.

Conversely, for “nonntrusive mode”, the quality assiment system ca be used whilst liv
traffic is carried by the chann without the need for any active test sig. Various standarc
have been developed. The J-T recommendation G.107105 has pnposd E-Model to
evaluate QoE for audio servic E-Model is an objective model, in which)S is correlated wit
Mean Opinion Score (MOS).ie E-model is combines a number of dirent impairments t
calculate an overall quality msure called “-Factor” or sinply R. The sale is typically frorr
50 to 100, where everything bw 50 is clearlyunacceptable and ®alue 9} is maximum valu

to be achieved in order to proe very satisfactory experience to user asvn inFigure 13.

R-Value Satisfaction index MOS
—-—Ir-—
| permur— kil  VerySatisfied [N
B A L] L
T 90 E—— 4.3
Satistied
80 4.0

Some Users are Satisfied

Many Users Dissatisfied

Figure 13: E-Model and R-factpi05

4.2.3. Objective Assessment Techniques for Objective QoE Ftors

The application of psychcgical models for understanding human ntions and behavic
provide a global subjegte assessment of user/customer requiremeorresponding to
particular service and producbut the use of cognitive science and ital models provid

precise information about hum cognition

Objective QoE factors areiased on human physiological and cogn factors. In broade

terms, they can be divided intwo categories (i) cognitive factoand (ii) chysiological factor:

[9].
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4.2.3.1 Physiological Techniques

There are special physiological tools (e.g., MR3a)Jvanic Skin Response (GSR) and Body
sensors) to gather human physiological data. Fgyusmg and healthy adult, physiological and

cognitive estimates are presentedli@q and they are summarized in Table 9.

Table 9: Human Physiological and Cognitive factors

Objective Human Factors Mean Range
Eye moment time 230 ms 70-700 ms
Perceptual processor cycle time 100 ms 50-200 ms
Motor Processor cycle time 70 ms 30-100 ms
Cognitive processor cycle time 70 ms 25-170 ms
Decay half-life of visual image
200 ms 90-1000 ms

storage

Effective working memory capacity 7 items 5-9 Items

4.2.3.2 Cognitive Techniques

The Human Process Model (HPM) and cognitive psyadiohl models are very effective
techniques to understand human cognitive capa&silitvhich use reaction time (RT) as the
primary performance measure to infer the possitiiéecsire of mental system4(qQ7. Human
reaction based on delay in service response isngivdrable 10. This table is based on work
[108 [109 and it shows how the delay in web page loading deldy in telephony talk could
change human behavior and generate different ensotibis obvious from Table 10, that human
reaction time is directly related to system reactione. This information enables a system
designer to predict the performance in terms ofatimeunt of time and effort it takes a person to
complete a task. Considering its utility, the u$eswch objective cognitive factor was proposed
as important QoE factor in previous chapter. In lanComputer Interaction (HCI) and
Interface Design, some cognitive human performamoelels are also used to capture human

task performance such as GOM®T].
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Table 10: Response time of webpage download arepfehy vs. Human reaction

Service Response Time Human Reaction

Audio Telephony <=150 ms Normal, Imperceptible delay
150 to 300 ms Perceptible delay, “cold”
conversation
300 to 500 ms Glitches, Difficult
>500 ms Long Pause, Unacceptable
Web environment 0.1 to 0.3 Sec User feels that system is reacting
instantaneously
1.0 to 2.0 Sec The limit for user’s flow of thought

to stay uninterrupted even though
the user will notice the delay

8.0 Sec Focus of attention lost. User
probability moves over to other
task

>15 Sec Motivation lost, user gets annoyed.

These models can provide precise quantitative mmédion of individual's cognitive
performance. The task performance could be assdssejlving subjects a particular task to
accomplish within duratiohand once they finish their task, their performaiscanalyzed on the
basis of how successful they were in completinggilien task and how long did it take them to
accomplish this task. For instance, we also testijects’ localization performance (cf. chapter
7) by asking them to locate the position of two idianeous talkers in virtual teleconferencing
room and if they successfully located the positadnsimultaneous talkers, they get 1 score
otherwise 0. In this fashion, we can also calcuias& performance factor.

4.3. Conclusion

In this chapter, an overview on QOE assessmentadetlas presented. For the assessment
of subjective QOE factors; mostly quantitative gahive techniques (Survey, user studies) are
used however, in modern research, most psychotoigistl to adopt a combination of qualitative
(interviews, focus group) and quantitative approachehich allow statistically reliable
information obtained from numerical measuremenbéobacked up user qualitative data (i.e.

user comments).
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Subjective QoE assessment techniques need a @@t ttme, cost, and establishing tools
for measuring the objective human factors, but timake it possible to get accurate information

about human perceptions and feelings.

The objective assessment techniques bring objeetiaeprecise information about human
quality requirements. The objective QoS measurentertiniques and automatic calculation
using appropriate quality estimation models is galhe much faster and cheaper, but the
accuracy of the final evaluation depends on theuraoy of those objective model21(.
Furthermore, techniques like PESQ, PSNR, VQM, P.Alef are evaluated from technological
point of view, thus, they lack to include the irghce of other important factors such as business
aspects, context and human characteristics. Thémys with these techniques, the accurate data
about human perception and judgment is hard toeaehiFinally, the objective QoS based
assessment technigues can only provide a global Quife with reference to technical
parameters, since they cannot include the effectamotierating factors such as human
demographic attributes (age, gender etc), or (@@estomer, user), therefore, they cannot provide

moderated QOE for each group.

Another objective assessment techniques producethign chapter was objective QoE
technique. It is used to produce precise and Hdelidbformation on human cognition,
performance and physiology. But physiological toate expensive and they are complex to
operate. However, for the accurate and actual atialu of multimedia services, based on the
particular context of a service, the use of bothextitye and objective QoE techniques will be

beneficial.
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“Users perceive service in their own
unique, idiosyncratic, emotional,
irrational, end-of-the-day, and totally
human terms. Perception is all there

is!” -Tom Peters

Chapter 5. Study 1: Qo0S-QoE Evaluation for

Video Streaming Service

Highlights
» Subjective QoE Study for Video streaming serviceualuate QoE-QoS.
* Assessment: Quantitative Assessment based Roudh&ery (RST)
e What is it Qualitative assessment and what iss&?u

* Is this study enough to understand QoE and Qo8aethip?? What else to do?
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5.1. Motivation

This chapter presents results of a user study atedun order to understand the combined
impact of QoS and content types on QoE. To undeilstiais QOE-QoS link, other influencing
characteristics related to business and contexte wet considered in this study, only QoS
parameters and content types were modified tolsse éffect upon perceived user quality. For
this study, video streaming service was selectamlasise case. Video streaming is being widely
used for video conferencing, video on demand, tetkaine and e-learning etc. Video streaming
service has stringent quality requirements both ftechnological point of view (QoS) and
user's point of view (QOE). The video streaming dmhsservices are strongly perceptual
experience and users are known to make aesthdgmients of these instantly.

Various QoS parameters affect user QoE with vargiegrees of the influence. Packet loss
is network layer QoS parameter and it degradesovigiglity and it is highly important factor in
wireless environment. The causes of packet lodsdecnetwork congestion, inadequate signal
strength at the destination, lower layer bit errate, network element failure, excessive
system noise, hardware failure, or software corompt For instance, in Wi-Fi environment,
given the combination of collisions, signal fadasd data rate selection process, it is not at all
uncommon for Wi-Fi to operate with an underlyingclet error rate up to 5 percertlfl]. In
general, packet losses derived by congestion amtiftbd and treated differently from packet
losses caused by the radio link and mobility. Tisi®ne of the fundamental differences that

discriminates wired and wireless Internet applaadi

UDP protocol is often used for video streaming. &nfnately when video is transmitted
using UDP over wireless environment, the predictigding strategies employed in techniques,
such as MPEG-4, place a new set of constraintsadfictsequencing. For example, predictive
coding introduces temporal dependencies into theovidata that improve compression ratios,
but can result in greater error propagation ingbent of packet loss or late arrivallp] and it is
further investigated in worklfL3, that demonstrate that H.264/MPEG4 provides tyalmilar
to MPEG-2 at no more than half the bit rate for tleeing-only case. Their assessment shows
that the advantage of H.264 diminishes with indreabit rate and all but disappears when one
reaches about 18 Mbps. For packet loss case, sdsuih the study indicate that H.264 suffers a
large decrease in quality whereas MPEG-2 undergmesch smaller decrease.
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In addition to packet lossnd video bit rate, packet reorder is als¢portant QoS aspe
which may degrade video qgity and it is characterized as having vag delays that coul
cause out of order packets. bending on the actual implementation, gplication might b
able to handle delay and jittey using an appropriate ffer size, howevr, reordered packe
might bemore difficult to deawith at application layer and hence resuto significant QoE
degradations. In addition to oS parametersithe impact of content be on QOE is also

investigated.

5.2. Research Model

Research model presemisediction outcomeand moderation factorsefer Figure 14). In
this user study, the predictioactors or influencing factors are three work QoS (NQoS
parameters and one ApplicatiQoS (AQoS) parameter. The objective isissess the combir
effect of prediction factors oveerceived video quality. Perceived Videoality (PVQ) is QoE
metric which represents user ception about the quality of a video clip.ring user study, thi
QoE factor is collected on ¢ basis of user ratings/scorequantitative process) and user
comments (qualitative procesThe type of video content is considerednoderation factor i
this study to see if different co:nt types produce similar or different useperience

Prediction Factors

Outcome Factors
Packet Loss
(%)

Perceived
Video Quality
(Quantitative)

Packet
Reorder (%)

Subjective
QoE

Perceived
Video Quality
(Qualitative)

Video Bit Rate
(Kbps)

Moderation Factors

Figure 14: Research Model of Video Streaming Study
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5. 3. Methodology

The experiments were conducted using a Wi-Fi ndkwdrich also poses challenges to the
design of the wireless networks because of the migsa of the wireless channels. In real
environment, any QoS parameter could vary and eeneggther; therefore, in our current work,
we study and investigate the combined effect oftiplel QoS parameters (e.g., packet loss,
packet reorder, delay and video bit rate) oveuser QoE.

To investigate the combined effect of QoS paramseter QOE, we conducted subjective
study based on ITU-T recommendatiofig]][ along with qualitative assessment methodology.
We repeat these experiments with different contypes (e.g., football and container video) to
investigate the influence of content types andattaristics on user perception for video quality.

5.3.1. Experimentation Setup

A private LAN with 3 laptops connected to a wiral@suter was established. One of the
laptops was used for video streaming and otherdoeiving it. The third laptop was used as a
gateway. Figure 15 shows the setup of the expetsndine video was projected onto a flat
screen LCD TV through VGA output of the receiviragpiop. The TV was mounted using the
wall bracket at the height of 3.5 feet from theugrd. The viewers of video were standing at the

distance of 6 feet from the screen having viewingl@from 70 degree to 110 degree.

The open source media player VLC PlayEt4 was used for streaming the video and then
receiving it at the receiver side. Two laptops weirening windows operating system and for the
gateway, we used Ubuntu to emulate the varying ortwonditions by usingNetEm [89] that
come with many new Linux distributionsletemcan be used to emulate the functionality of a
network by emulating various parameters. This ii@aarly useful for testing the behavior of
applications and protocols before actual deploymfg have used the same concept to analyze
the effects of varying network conditions on QOE dhanging various network parameters.
Basically we have created a rule for the schedfi¢he wireless interface ‘wlanO’ by making it
to add X ms delay to every packet. Similarly valoégitter, packet loss, re-order, duplication

were also specified.
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Figure 15: Experimentation Setup

5.3.2. Content

In total two video clips were used, one fast mowmndeo clip of football match and other
was slow moving container; both were taken fromreseyl1ly for experimentation purpose.
The video frame rate was 30 fps, with CIF resohlutibe videos for QoE study were of 12
second duration. The media-content was encodedtiatil.264/MPEG-4 video coding standard

and streamed using UDP protocol over wireless ndtWeEE 802.11n.

5.3.3. Procedure

We conducted user experiment with 24 subjects; gntbem 6 were female and 18 were
male subjects aged between 20 to 35 years. Subyecesprovided with questionnaire and they
were asked to provide their profile information daddback about video quality. The perceived
video quality metric is measured with a 5-poinemal scale with labels at each end such as 1
(Worse/Strongly dissatisfied) to 5 (Excellent/Sgbnsatisfied). Unlike traditional ordinal MOS
scale, the interval scale has either no labelsaloels only at each end of the scale. One open
guestion was asked to collect user commeénrtsw do you perceive video quality? Pls give your

comments?”

Various parameters used during 9 experiments asngn Table 11.
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Table 11: Test Setup Table

Packet Video Bit Rate
Reorder (Pr) (VBR)
% Kbps

Packet Loss

(PL) %

1 (Reference) 0 0 800
2 1 1 10 800
3 3 50 800
4 3 10 100 800
5 15 20 200 800
6 0 0 10 400
7 1 5 100 400
8 0 0 10 100
9 1 5 100 100

5.4. Results and Analysis

In this section we provide quantitative and qualiassessment of user study and discuss
our findings.

5.4.1. Quantitative Assessment Method

Our goal is to understand the relative importarfagagh QoS influencing factor with respect
to QoE. We also like to find the core influencirgtors and possible link between QoE and QoS
explained through some inductive reasoning. Thdbeassessment requirements could be
fulfilled by using powerful Rough Set Theory (RSApproach T4].

5.4.1.1 Quantitative Analysis

Traditionally, QoE data were analyzed by usingistiabl methods such as multivariate
analysis 116, however these techniques are based mainly amygson that prior knowledge
of independencies, numerical scale of attributesuaniirm probability distributions among the
independent attributed 17]. The Bayesian assessment principle, and fuzzgryhare related
examples of data analysis approaches, howevee thethods have short comings, such as the
decision of a prior probability is relatively digfilt in Bayesian Algorithm1[18].

Using RST, raw data could be transformed into dgafarmation, and we can classify and

analyze the impact of any numbers of parameterQol. Finally using rules, a relationship
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between important QoS parameters and QoE factarlsl t® established. For quantitative data
analysis, Rosetta software based on RST is @dlecause it provides user friendly interface

and all required RST functions needed for an ass&rss

Table 12 presents various parameters with posg#dilees as tested in user experimentation.
For detailed discussion on the use of rough seryhéhe works are recommended to referq
[94].

In RS theory, data are presented in an Informefigstem (1S). QoE data can be analyzed by
formulating it in information system concept of RST

Definition: 1S=(U,A,V,f)whereU represents the universal set with finite sehddbjects
{x1,x2,...n},Ais non empty, finite attribute s¢al,a2...n).One attribute corresponds to one
equivalence relation, i.ed = CU D,and C N D = @, C is called condition attribute set and D is
called as decision attribute set. V is domain valtiattribute seta andf is decision function
called information function. In current work, conidn attributes consists of QoS parameters,
decision attributes describe the user scores.

Table 12: Experimental Data (Raw Decision Table)

Condition Attributes Decision Attributes
Exp VBR
No. PL % PR% | D (Ms) PVQ MOS *CI PVQ MQS *ClI
(Kbps) (Football) (Container)

1 0 0 0 800 4.417+0.288 4.583+0.235
2 1 1 10 800 2.708+0.21 3.375+0.21
3 3 5 50 800 1.792+0.357 2.583+0.388
4 3 10 100 800 1.538+0.21 2.122%0.22
5 15 20 200 800 1.292+0.243 1.292+0.27
6 0 0 10 400 4.24+0.19 4.39%0.16
7 1 5 100 400 2.646%0.30 3.375%0.342
8 0 0 10 100 3.84+0.24 4.12%0.23
9 1 5 100 100 2.104+0.349 3.958+0.321
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5.4.1.2 Case I: Container Video Clip (Slow Moving clip):

We analyze user experience data which was gathieredgh user survey .In this first case,
subjects watched the slow moving container clip aftdrwards, they gave their scores. User

data were analyzed by following given steps;

Step 1: Discretize data:Discretization amounts to searching for “cuts” thigtermine
intervals [L19. All values that liewithin each interval are then mapped to the sanhgeyan
effect converting numerical attributés attributes that can be treated as being catgjoiihe
search for cuts is performeah the internal integer representation of the irgadision table. The
first step is to normalize divergent data usingealgorithm 119. This was done using Rosetta
software. To simplify results, QoE five-level rags are reduced into three levels (i.e., 3= User
Acceptance, 2=Normal/Fair, 1=User Rejection). Reiig Table 13 presents discretized version
of Table 12.

alile 13: Discretized Data Table

VBR Container Video Clip
0,
Mwﬁl)ecismn&tore

1 [* 2) [* 3) [*, 30) [600, *) 3
2 [* 2) [* 3) [*, 30) [600, *) 3
3 [2,9) 3,8) [30, 75) [600, *) 2
4 [2,9) [8,15) | [75,150) [600, *) 2
5 [9, %) [15,%) | [150,%) [600, %) 1
6 [*, 2) [* 3) [*, 30) [*, 600) 3
7 [*, 2) [8,15) | [75,150) [*, 600) 3
8 [*, 2) [* 3) [*, 30) [*, 600) 3

[*, 2) [8,15) | [75, 150) [*, 600) 3

Step 2: Classify and reduce attribute setThe second step is to reduce and classify data.
Using equation (i), (iii), and (iv) as describadprevious chapter, a reduct set can be achieved
manually. The same results were obtained usingtRoR&T tool and reduct set was found to be
{Packet Loss} as shown in Figure 16. It shows theatket loss is a core attribute which matters
the most for slow moving “container” video. Thisncalso be confirmed from Table 12, where

variation in video bit rate did not show any sigraht negative influence on user PVQ score.
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Figure 16: Screenshot of Core set of QoS paramiecontainer video

Step 3. Generation of Decision Rulesthis is very important step. The decision rules ar
generated based on Johnson’s greedy algoritla@] Lising Rosetta software. The equations (v),
(vi) and (vii) described in chapter 4, are useddlrulate strength, accuracy and coverage factors
of every rule. Rosetta tool also provides suppmturacy and coverage factor linked with each

individual rules. Following Figure 17 shows theesar shot of achieved decision rules.

Rule |LHS Support|RHS Support| RHS Aceuracy|LHS Coverage|RHS Coverage|RHS Stahilityl LHS Leng‘th| RHS Leng‘th|

1 PL{[*, 211 == cortainer(3) & 6 10 0 6EBEET 10 10 1 1
2 PL{[2, 97) == cortainer(2) 2 2 10 0222222 10 10 1 1
3 PL{[3, *1) == cortainer(1) 1 1 10 0411111 10 10 1 1

Figure 17: Screen shot of Rules for container video

The decision rules are generated using Rosettal lms@&ohnson’s greedy algorithm [19].

Findings: From above Figure 17, we see 3 rules are generbedfirst rule shows thdt
the users are watching “container” video &ND the packet loss remains less than ®9énthe
users’ acceptability to video would be 3 (accepmahkihge). It means perceived video quality is
dependent on packet loss more than any other pteemir slow moving video clip like
container, so multimedia service providers shoul&te more attention to packet loss. In this
way, using a simple rule, an accurate relationbefgveen service parameters and QoE could be
established. The rule support, accuracy and coeesiag calculated using equation (v), (vi) and

(vii) respectively. The accuracy of rules is founde very strong 1.00.

The acceptable, unacceptable and partially accleptabits of QoE are influenced by a
particular range of QoS and content aspects. dlss evident that slow moving container clip
receives more user acceptance scores than fastngndaeotball match clip because it

demonstrates more resilience to tolerate the adettimg QoS conditions.

5.4.1.3 Case II: Football Video Clip

Step 1. Discretize dataThe first step is to normalize divergent data usiagve algorithm
[119. This was done using Rosetta software. To simpldsults, QoE five-level ratings are
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reduced into three levels (i.e., 3= User AcceptaBedlormal/Fair, 1=User Rejection). Table 14
presents discretized version of Table 12.

Table 14: Discretized Data Table

Football match

clip (Decision Score)

1 *1) 1) [*5) [600, ) 3
2 1,2) [1,3) [5,30) | [600,%) 2
3 [2,%) [3,8) [30,75) | [600,%) 1
4 [2,%) [8,15) | [75,150) | [600,%) 1
5 [2,%) [15,%) | [150,%) | [600,%) 1
6 [* 1) [* 1) [5,30) | [250,600) 3
7 1,2) [8,15) | [75,150) | [250, 600) 2
8 [* 1) [* 1) [5,30) | [*250) 3
9 [1,2) |[815) |[75150) | [* 250) 2

Step 2. Classify and reduce attribute set-or football video, using RST, a core set was
found to be Core= {Packet Loss, Video Bit rate}sta®w in Figure 18. It means packet loss and
video bit rate are two key influencing factors, l&hdelay and packet reordering don’t have
significant impact on user perceived video quality.

o rame_____ W

jiFL, »'BR {100

Figure 18: Core set of QoS parameters for Footliall c

Step 3. Generation of Decision Rulesthe decision rules are generated based on Johnson’s
greedy algorithm J20] using Rosetta software. The equations (v), (vigl gvii) described in
chapter 4 could also be used to calculate stremgityracy and coverage factor of every rule.
Rosetta tool also provides support, accuracy angrage factor linked with each individual
rules. Following Figure 19 shows the screen sheewén decision rules.
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Rule ‘LHS Support|RHS Support|RHS Accuracy|LHS Coverage|RHS Coveraue|RHS Stal)ility‘ LHS Lenu(h‘ RHS L-enuth|

PL(", 1)) AND VER(EDD, *)) = Football(3) |1
PLI[1, 2)) AND VBR((B0D, %)) = Football2) |1
PLI[2, %)) AND VBR(BOD, %)) = Football(1) |3
PLI*, 1)) AND VBR([250, 600)) = Footbal(3) |1
PLI[1, 2)) AND VBR(([250, 600]) = Football2) 1
PLI*, 13) AND VER(?, 2500) = Football3) |1
PLI[1, 2)) AND VBR([", 250)) = Footbal(1) |1

1.0 011111 0333333 1.0 2
1.0 0411111 0s 1.0
10 01333333 075 10
0111111 0333333 1.0
1.0 0411111 0s 1.0
10 0111111 0333333 10
1.0 011111 023 1.0

NEGIEREEE

ST==[=lel==
=

EEEEEE

Figure 19: Rule set for Football video clip

Findings: Seven decision rules are generated as shown umeFi. Take the first rule as an
example, which describel:the users are watching “football” match video @&ND the packet
loss remains less than 188D video bit rate is more than 600 Kb$ienthe users’ QoE would
be 3 (acceptable range). In this way, using simyks we establish relationship between service
parameters and QOE. The rule support, accuracgeverage are calculated using equation (v),
(vi) and (vii) respectively. The accuracy of ruigsvery strong 1.00. If we reverse the order of
this rule, it becomesf (QOE is acceptable range i.e.,T3)enpacket loss has range ([*, 1)) AND
video bit rate is in the range of ([600,*)). Forghnverse rule, coverage factor represents its
degree of accuracy. As a simple rule of thumb, @sdition set grows long, the coverage
decreases, while the accuracy increases. Thusamwmlbalance the tradeoff between these two

measures.

For this analysis, multimedia service providers caalize that the user video perception is

dependent on packet loss and video bit rate mame dthers, so they should pay more attention
to these service aspects; and also, from the subsegser feedback, they can classify correctly
which user is more satisfied and how to adjusiQb& aspects according to the user’s feedback.
Furthermore, it is suffice to conclude that H.26RBA5-4 provides better video quality even at

lower video bit rates especially for slow movingitent.

5. 4. 2. Qualitative Data Analysis

Qualitative Data represent user comments. We dallser comments and we analyze those

user comments based on CCA frame work (Catalogdoaize, and Analyze).
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Figure 20: CCA Frame work

At first, all user commentsnd opinion were catalogedThen as secol step all commen

were arranged in followingategories

1. Positive mments: reflect user satisfaction with video iality for example
“Excellent quality, “Very satisfactor”, “I am happy with video qualityiow” etc.

2. Neutral Comments Neutral comments reflect neutral opins such asNormal
quality’, “nearly fair quali¥” etc but it is observethat some neutralomments have als
negative tendencies for innce user wrote likeVideo is fair but still nt clea” or “Normal
quality but still need imprcemer”.

3. Negative commers: Seeing dferent levels of negative omments, negativ
comments were subdividadto two categories; negativeiggestive nd purely negativ
Purely negative commenreflect user annoyance, dissatisfaction, anger for instanc
subjects used words li “Catastrophi€, “Terrible’, "Worsé, “Video has very ba
quality’, “I'll never buy sich type of VoD servi’, “Strongly dislikewith -2 scoré etc.
Negativesuggestive comrnts represent usecomments in the bouniry line of negativi
and fair comments or nre spcifically users’ problem descriptioc along with som:
suggestions for instanceyiteo freezes or pau¢’, “Don’t like becaus video resolution |

too small, “Video is slowein the start and then stops in the mic’, etc.
Third step is to analyze arfor this purpose, verbal data were converted histograms. Fc

simplicity, we selected randonxperiment results as presentelFigure21 end 2..

5.4.2.1 Qualitative DataResult:

* Exp.1 is a reference vid) with all QoS parameters at appropriaivel. In Exp. 1, the
container video clip gets & positive comments with 0% negative anents. And footba

clip gets 74% positive coments and 5% negative comments. Thee also 5% negati\
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suggestive comments and they are mainly aboutagaplaint due to lower resolution of
CIF video. Some subjects also commented that tisdiked this video because it was not
HD like experience.

Exp.4 and Exp.5, in Figure 21 & 22 are cases, n&\@mS parameters were changed while
application QoS parameters were kept constant eit thefault values (e.g., VBR=800
Kbps). It is observed that for Exp.4 and 5, posittemments have reached to their minimal
value 3% for football video clip and 9% for contirclip. While at the same time, the
negative and negative-suggestive comments hawedraignificantly for both video contents
as shown in Figure 21 and Figure 22. For Exp.5 seutgects literally shouted and gave
very bad comments about the video quality. Theatiam in network QoS brought very
negative influence resulting in huge number of tiggavord of mouth. If we also compare

gualitative data results with user ratings in Tab® we can see that users rate Exp.4 and
Exp.5, as poor and bad.

o0

Football Video Clip =1
74
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Figure 21: Qualitative PVQ (%) for Football Video

The Exp.7 and 9, in Figure 21 & 22 are cases, wiheeo bit rate was changed (400 kbps
and 100 kbps), while packet loss was 1%. The fdlothdeo got the highest negative-
suggestive comments 54% in Exp.7 and 50% in EXprocontrary to football video clip,

we experienced very interesting thing that with ttexrease in video bit rate, the slow

moving container video were perceived even bettel people gave even more positive
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comments in Exp.9 than Exp.7. The possible reasdhat at low bit rates,

may have lower impact on slow moving video.

the packet loss
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Figure 22: Qualitative PVQ (%) for Container Video

Remarks: During qualitative assessment, we learnt followtimggs about assessment.

* The one important observation is about negativeysstive comments, as it was observed

that when users encounter any video quality de¢jadavent, they at first tend to describe

the nature of the problem or fault; but incase diegradation of quality continues, they

instantly turn harsh and even start complainingllpult means they generate negative word

of mouth only when they encounter the worst quality avoid negative word of mouth,

multimedia service providers should give importanoenegative-suggestive comments

which provide them an overview of users’ interptietaof quality problems.

» Second observation is about user forgiveness faltioistance, if video quality improves

from the worst quality to an average quality, useirs very positive and give generous

comments. It means users may forget and forgivebt experience instantly if worst

guality span is shorter.
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5.5. Critique

We performed user experimentation in lab environmevith 24 subjects. User
experimentation in lab environment is not perfegiacement of natural environment or original
experience. It is a programmed environment forsus@d that's why exact experience data are
sometimes difficult to get. We noticed from colketttuser data that some subjects’ ratings and

comments were entirely out of context. We had mmaehbut to remove them from data.

The CIF resolution for video clips was used durgtigdy and as it is not very common for
viewing experience. It was noticed that some subjaecre not ready to accept video quality
lesser than HD video or video with CIF resolutidherefore to neutralize them, the pre-test user

training session is very important.

In current work, QoE data were moderated on théshmsype of video content, but not on
subject’s age, or gender. It is possible that uskdsfferent age group may have different levels
of satisfaction. However in next chapter 6, weatightiate customer satisfaction metric based on

customer age. And in chapter 8, we segment usseesllzan their gender.

In current work, only one QoE factor “Perceived &idQuality” was tested, and for the
evaluation of this factor, two video clips were dider video experimentations; and only 9
iterations of experiments were done for four Qo&apeeters. Through additional experiments
with more video clips and with more QoS parameterations, more accurate and in-depth
findings could have been achieved. However, thaokRST's powerful accuracy and coverage
factor, our findings based on available data areptetely accurate. In next studies (chapter 6, 7,
8), more QOE factors are defined and their resubdased on detailed experimentations.

5.6. Conclusion

In this chapter, we presented the results of stibgeauser study to evaluate the
combined effect of QoS parameters and content cterstics on QoE. In real
environment, multiple QoS parameters may work dgpendently and they jointly cause

degradation in quality and hence poor user expegien
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For quantitative assessment, Rough Set Theory wed. With this assessment, it is
learnt that the different types of content requiiféerent level of QoS support. Furthermore
QoS parameters at network layer and applicatioerlagve also different level of impact on
QoE. For fast moving football match clip, the ceet of parameter consists of packet loss
and video bit rate and while for slow moving condiclip, the main influencing factor is
packet loss only. It is learnt that not all QoSgpaeters pose similar degradation in user
perceived quality.

Though results may look quite intuitive in the mmese of four QoS parameters to
decide which one is vital, in real environmentfas number of influencing factors increase
(including business parameters, all QoS parametssaiextual parameters etc), then
understanding the interdependence among themrmgees complex and even it turns hard
to find actual core attribute set. However usingrR&y set of raw data can be turned into
usable date and important core attributes couliiined easily with considerable accuracy.

Qualitative assessment builds on user opinionscangiments. The assessment of user
comments based on CCA framework shows that slowimgogontainer clip gets more
positive comments and less negative comment thsinnf@ving video clip. Furthermore
variation in network QoS parameters causes therggoe of abundant number of negative
comments for both video contents, however variationideo bit rate has not that severe
trend. The slow moving container video clip genesasignificant number of positive
comments and only few negative comments, but tee rfaoving football clip gets more
negative comments and lesser number of positiventams than slow moving container
clip. It is obvious from results that the overarid in qualitative comments matches with

guantitative data assessment.
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“Customer complaints are the

schoolbooks from which we learn”

Unknown

Chapter 6. Study 2: Evaluation of Technical
Issues on QoE for VolP and PSTN based

on Operator’s customer survey data

Highlights
* QOE- QoS Relationship
* Real field customer survey
» Impact of technical faults on QoE
» Differentiation of Customer Preferences with resped&nd-user Device.
» Different Age groups have different level of QoE?
e Case Study:VolP and PSTN

» Collaboration work with French Telecom Operator rigya
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6. 1. Introduction

In previous chapter, we presented a lab basedstisey results for video streaming service
to understand the combined effect of QoS parametsss single QoE factor “Perceived Video
Quality”.

In this chapter, we present real customer surveytdiephony services to understand the
impact of various technical faults on different Qé&ctors such as Perceived Call Quality,
Perceived Availability, Customer preferences, aner@ll Customer Satisfaction. Perceived Call
Quality (PCQ) is investigated on the basis of voaegradation related faults, call drop
background noise, and echo. Perceived Availalif¥) is investigated on the basis of call setup
related issues. And we present differentiation o$temer preferences based on customer
telephone handset (wireless telephone handsetndfinea phone). Human demographic factor
such as age is an important characteristic of huemity as described in our model chapter 3.
Overall customer satisfaction is not considerediagle global metric with same levels for every
individual customer but we try to investigate hawstomers within different age groups perceive

their satisfaction towards offered telephony sexvic

Over the first half of the current century, thelgdbpopulation comprising of 60 years old or
over is projected to expand by more than threeditoereach nearly 2 billion in 205041].
There is huge chunk of old age people, who probhbixe different QoE requirements vis-a-vis
service than young customers. In work?®], authors present their analysis which shows
individuals’ age has a negative effect on theirpprtity to switch PSTN telephony companies,
meaning that older users are less likely to swstlvice providers than younger ones. The report
[123 shows a strong association between age and P®WEphony, and in particular, the
apparent reluctance by consumers aged over 33inguish their fixed line telephone service.
This report suggests that in Australia, highestgetage of VolP customers are in the age range
of 25 to 44 years. Seeing the importance of ageaderating factor, in current chapter, we

moderate customer data based on customer age groups

For our case study, we have selected PSTN (Publitci®d Telephone Network) and VolIP.

PSTN is traditional fixed telephony service andhds been enjoying unparallel success since
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decades but with advent of internet era, Voice dRefVolP) telephony has emerged as strong
competitor to conventional telephonyolP services use the IP networks to transmit data packe
as opposed to the circuit switched PSTN telephgsyes. Following Table 15 briefly presents

comparison of both PSTN and VolP telephony service.

Table 15: Comparison between PSTN and VolP

Switching Technique Circuit Switched Packet Switched
Dedicated Channel Best Effort
. C01.*e o't s Newtorlk E87) At the edge of the network (PC,
Intelligence switches and Intelligent ST lioes)
Networks) P
Signaling SS7 H.323, SIP
Analog Channel Noise
QoS Distortions Attenuation, attenuation Delay, Jitter, Packet Loss, Echo
distortion, Echo
Call Quality High Medium
Negligible Impact Considerable Impact
. '[_‘eleph(_)ne Handset Usually remain active Inactive
activity during Power outage

PSTN telephony was designed to offer real timepteday service, however internet only
provides best effort service because it was notipally designed for real time services.
Customers are accustomed to the quality of PSTépleiny service and now for VoIP service
providers; this is a challenge to either supersedguality or at least match voice quality with

fixed telephony service.
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6. 2. Motivation

In the current work, our focus is to understand heehnical faults are actually perceived by
customerd Customer reports faults, and their complains ust@mer complaint center while
technical O&M team relates those faults and comawith QoS parameters and they try to fix
faults by adjusting network and service level QaBameters. If a customer faces numerous
faults and technical issues, it is highly likelatls/he not only develops negative opinion but s/he
could also convey negative word of mouth to marheopeople. To avoid customer annoyance,
it is necessary to analyze PSTN and VolP servicehenbench marks of QoE. Following

intriguing questions will be addressed in the aotrrgork.

* How technical faults impact upon customers’ feediagd perceptions?

* What are the most critical and annoying faults dastomers related to VolP and
fixed line telephony service?

« What are customer preferences and expectation? mbuBer devices have any
impact on customer preferences?

* Do the different age group customers and end-users similar level of satisfaction

with VolP and PSTN service or not?

6. 3. Research model

We presented consolidated QoE modeldhdnd in chapter 3. In the current work, a
simple QoE research model is presented to show rétetionship between various

influencing factors and QoE factors (see Figure 23)

® The term customer is used in this chapter; it i&ndd in chapter 3 (subsection 3.2.1.2). In curgndy, a
person is not only subscriber of the service, et & also a primary user of the service. Thattig, we have used
term “customer” throughout this chapter.
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Figure 23: Research Model

6.3.1. QoE Factors

In current work, four QE factors are benchmarked for the assent of the VoIP servic

and fixed telephony services described belov
6.3.1.1 Perceived Avilability

It refers to the huran perception about the availability of arvice. The first thin
which influences huma perception of availability with telephony typically based on tk
call setup performance. user cares about whether he gets a dial, whenever he picks up
phone or not and doeqe call connects successfully within reaable time omot? Thus
human perception of ailability revolves around the performanof call setup system of
telephony service. Therequent occurrence of cesetupfaults may cause annoyance
customer and they starerceiving call as unavailak

Availability is perctived to be very high if caller successfi completes whole ca
connection process fro dial tone to normal call termination pros within an appropria

time limit. For examplea caller wants to hear a dial tone when picks up the phor no
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dial tonemeans service is unavailable. Next, when a callals a phone number, s/he
expects to heainging or a networkbusy signal toneFinally, when call connection is setup,
caller expects to be able to complete the call euthbeing disconnected; but some serious
QoS problems (such as network failure, hard waitaré& software failure, and bandwidth
congestion) may also cause abnormall drop and it alsoequates to being a service
unavailable.

In short, availability of a call is highly dependexpon the performance of call setup
processes. Call setup faults such as incoming atgbimg call faults could deteriorate this
metric. Additionally call could drop due to variougher QoS factors. For assessing
perceived availability for VolP and PSTN, we prithafocus on understanding the impact
of call setup faults upon perceived availabilityuridg survey, customers were asked to rate

how frequently they experience call setup faults.

6.3.1.2 Perceived Call Quality (PCQ)

It represents customer perception about the offeadidquality. An acceptable value for
PCQ is achieved when voice call is intelligibleganl, interruption free and smooth. During
survey, customers were asked to rate how frequeh#y experience voice degradation
faults and other technical and environmental issues

As a rule of thumb, the higher the frequency ohtecal faults and voice degradation

issues is, the lower is perceived call quality.

6.3.1.3 Customer Preference

It is a set of customer requirements which motiwdtien/her to adopt a particular service
based on some personal preferences such as geakty,end-user terminal capabilities etc.
In the current study, customers were asked to egpresir priorities on following aspects (1)
Smooth conversation without any technical problé&)sUninterrupted call in the wake of
power failure (3) HD quality for ring tones (4) Nemwf these (5) Don’t know. It is noticed

during survey that customers were using differgpes of end-user terminal (wired and
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wireless telephone harets), so customer preferenwere moderadon the basis of end-
user terminal.
6.3.1.4 Overall Custoner Satisfactio

Given technological faudtand issues relatdo fixed telephony anc/olP, it is important to
understand hoveustomer fels about these two services. In this worve evaluate this metr
based on the different age ups. It's highly possible that customers dferent age groLs may

have different satisfaction lels with offered quality
6. 3. 2. Influencing Factors

Here follows descriptiolon some important influencing parametevhich could deteriorat
QoE.
6.3.2.1 Call Setup Faults (CSF

There are two type of callsetup faults (i) Outgog Call Seup Faults (OCSF) ar

Incoming Call Setup Fats (ISCF) and their classifications are givelow (se¢Figure 24).

Call Setup

Faults

ICSF OCSF

l ICSF1 \l ICSF2 Il PoDF \l PrDF \

Figure 24: Classification of Call Setup Faults

OCSEF is again subdividl into two parts as given belc
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Post Dialing Faults (PoDF): It refers to the post dialing situation, when ealteceives

message that callee is inaccessible.

Pre-dialing Faults (PrDF): It refers to the pre-dialing situation, when calannot make a

call because s/he either receives busy tone avnmedt all.

Second category of call setup fault is about IncmntCall Setup Faults (ICSF). It is again

subdivided into two parts.

ICSF1: It refers to the situation when callee doesn’eree a call either due to unavailability

of ringing tone or he receives automatic messaggigaor text etc).

ICSF2: It refers to the situation when callee picks u@ finone on the reception of ringing

tone but he does not hear other party or he hemsgstone on the reception of the call.

6.3.2.2 Voice Quality Degradation

PSTN offers dedicated channel for voice call w@S assurance, therefore voice call
degradation issues are less common in PSTN. Nelesth sometimes analog noise and cross
talk attenuation may also cause some distortioroice. In the context of VolP, the degradation
of voice quality is a big issue. Internet wasndllisedesigned for real-time communication. Due
to inherent nature of Internet, variety of factomuild create these degradations e.g., end to end

delay, jitter, packet loss, insufficient bandwidtic.

Voice quality degradation is manifested in fiverfisrsuch as delayed voice, distorted voice,
chopped voice, slow voice and beep during commtinitas shown in Figure 25. Chopped and
distorted voices are caused by latency or paclestilothe ISP network, and it is highly possible
that the connection is not fast enough to prochssvbice data. This is often the result of
congestion during peak hours or heavy network ufage activities like online video gaming or

downloading. End-to-end delay and jitter may alsose voice data to be delayed.
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Figure 25: Voice Quality Degradation
6.3.2.3 Echo

It is the sound of the tal'r's voice returning to the talker’'s ear. Théects of an echo depel
on delay andhe strength ofhe reflected signals. In analogue PSTN shony, the main sourc
of the echo is the 2/4 wire brid. In the context of VoIP, there are twoirces for ect [124]: (i)
the acoustic couplingdm the receiver (loudspeaker) the microphon¢of the termin: (ii) the
electrical coupling betweethe wires of the handset corThe connction delay could als

increase the annoyance cad by ech(124.

6.3.2.4 Call Drop

A callthat is terminateiunexpectedly as a result of some tech reasons is called c:

drop.Call drop could also cise annoyance to custom

6.3.2.5 End-userterminal characteristic:

Power Issues with Elephone handsets Landline phones usua remain active durin
power outage because there powered directly from PSTN Local exnge. But power issus
also persistsith traditional analog service in areas vre many custmers purchase mode
wireless telephone handse that have other modern phone featuresh as bui-in voicemail

or phone book featureslowever this is not the case with VoIP bas)hones. In the event
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power outage at user end, they may not function raoye. However some VoIP providers
provide backup batteries with VoIP handset provateuninterrupted service during power

outage.

Ring tone quality: Handset ring tones are also one of customer atraaspect of end-user

terminal.

Price: The price of handset is also one of the key factors

6.3.2.6  Environmental Characteristics

Background noise: It is one of the important environmental aspebts tould disturb call
quality. Background noise is a secondary sound eheriat tends to distract or in some manner
interfere with the ability of the individual to hear be heard125. Background noises cause

irritation and distraction which degrades perceigalil quality.

6. 4. Methodology

6.4.1. Method

Normally, lab based user experimentation is coretlitd assess the QoE. However the work
in the current chapter is based on operator’'s suwigh real customers. The lab based QoE
testing in simulated environment are sometimestdichin scope as it tries to mimic real world
scenarios to collect QoE data with limited expereenlt may not be completely effective in
reflecting genuine needs, problems and the feebhdjse customers. In real time study, customer
feedback is based on his/her experience and iti@nawith service for long time (months and

years), s/lhe has more clear opinions about offeeedce.

With French Telcb operator's collaboration, VolP and PSTN teleph@ugtomer survey
data was collected in order to ascertain theiraaMperience and perceptions. Responses from

one thousand Orange customers were collected, 0rers were using PSTN and rest of half

" Orange France Telecom
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was using VolP telephony service for at least ¢am year. This survey was conducted in April

2010. It encompasses all types of calls (shortitum calls, long calls etc).

6. 4. 2. Procedure and Data Analysis

Our questionnaire and survey process were partbed on the guidelines of ITU-T
P.800 subjective test. Our questionnaire was congief 14 questions; 12 questions were
about the frequency of different faults and issdegjas about customer expectations and 1

was about overall customer satisfaction.

6.4.2.1 Customer experience data about faults

To know how frequently customers face various kimdistechnical faults, we used
categorical scale (i) Often (ii)) Sometimes (iii)\Me.

Customer responses were converted into percentayaralyzed based on impairment
scale. Impairment scale consists of five categmieh as imperceptible, perceptible but not
annoying, slightly annoying, annoying, very anngyinThe percentage of customer
responses belonging to often and never categohbwitested on this impairment scale. For
instance, if more than 80 % customers respondthiegt often encounter particular technical
faults, it means as per often category impairmealtes(refer Figure 26), customers’ reaction
will be very annoyed. In ideal case, the custora@ng for never category should be equal to
100% and often category should be equal to 0%edma they never encountered any faults.
As a rule of thumb lesser the number of the faaltsistomer face, higher is the probability
of customer satisfaction and loyalty. On the othand, higher the number of faults a
customer face, lesser is the probability of custologalty and satisfaction. Based on above
scales, we evaluate customer experience data foeiged availability and perceived call

quality.
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Figure 26: (a). Impairment Scale for often categ (b) for never:ategor
6.4.2.2 Customer preerence

For customer expeation and preferences, we ask customerselect one of stated fi\
choices. We differentia customer expectations and preferencesed on customerend-
userterminal. Out of 50 PSTN customers, 234 customers possexd line wiredtelephone
had set, and 266 use wless telephonhandset Out of 500 VolP Ustomers, 87 use wire
VolIP handset, antest df the customers use wireless hset. Custaner preference choic

were converted into peentage scores for evaluation purpc

6.4.2.3 Ovenll custoner satisfactin

For overall custom( satisfaction, we user five point MOS s (i) Very Satisfied (ii)
Satisfied (iii) Fair/Nornal (iv) Unsatisfied (v) very Unsatisfied. Tevaluate any differenc
in the level of satisfactia with respect tage groups, we divided clomers into 4 groups |
less than 40 year@i) 41 to 55 (iii) 56 to 64 (iv) More than 65 ars. Hypothesis testit
based on Ch&quare is ised for validation of satisfaction scores.; Excel 2007 and SP¢

19 were used for datmnalysis

6.5. Results

6.5.1. Perceived Avaiability
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Customers reported their experience on how fredyiehey encountered call setup faults.

Table 16 shows the customer data result for ogdisding quality.

Table 16: Perceived Availability versus Call SeRagults

Often Sometimes Never (%) Often Sometimes Never (%)
(%) (%) (%) (%)

4.4 30.4 65.2 7 34.2 58.8

3.2 23.8 73.0 9.4 36.8 53.8

2 11.4 86.6 17.6 35 47.4

7 26.6 66.4 6.2 26.8 67

4.15 23.05 72.8 10.05 33.2 56.75

6.5.1.1 Call Setup Performance in PSTN

Table 16 presents the frequency of call setupddaltfixed telephony. It shows that ICSF1 is
least frequently occurring fault, only 2 percenstamers said they haaften encountered this
problem, while 86.6 percent customers reportedttiet hadheverencountered ICSF1 fault over
a year. As per impairment scale for never categarstomer percentage scores for ICSF2, PoDF,

PrDF (refer Table 16) lie in “perceptible but nanhaying” category.

Overall perceived availability score for PSTN tdlepy is 72.8% as per customereVef
category rating and 4.15%, as peftéri category. It means due to lesser frequency bfsedup
faults, PSTN customers are not bothered with peeckavailability.

6.5.1.2 Call Setup Performance in VolP

Table 16 presents the overall all trends of VolP setup faults. In PSTN telephony, ICSF1
has 86% score but in VoIP, ICSF1 has the lowesvé&f category score 47.47%, meaning that
this fault is more persistent in VoIP than PSTNitRermore, as per impairment scale foever
category, except ICSF2, the other three call séutts ICSF1, PoDF, PrDF lie in “slightly
annoying” category. Overall availability score fooIP telephony as per custom&rever”
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category rating is 56.75%, it means, VolP custonesrsounter these issues so frequently that

customers feel slightly annoyed due to these faults

It is safe to conclude that fixed line telephongtomers face less call setup faults than VolP
customers. And furthermore PSTN customers are modyeed with PSTN service due to lesser
number of calls setup faults, but VolP customeessdightly annoyed with VoIP service due to
call setup faults as shown in Table 18. Thus #afe to assume that PSTN offers better service

call setup quality than VolP service.

6.5.2. Perceived Call Quality (PCQ)

Once the call is established, a customer expedtawe a smooth call conversation, free from
any technical issue. Customer’s perception abduguoality is affected by various technical and

environmental aspects.

Table 17: Perceived Call Quality versus Technicalls

Often (%) Sometimes Never (%) Often Sometimes Never

(%) (%) (%) (%)
1.2 17.8 81.0 3.6 17.8 78.6
0.4 7.4 92.2 1.8 11 87.2
0.8 8.8 90.4 3.8 16.6 79.6
3 16 81 2.6 24 73.4
2.2 20 77.8 5.6 23.2 71.2
4.2 32 63.8 8.2 31 60.8
4.6 27.8 67.6 9.6 36 54.4
9.2 44.4 46.4 6.6 37.2 56.2

6.5.2.1 PCQ for PSTN

Table 17 shows the overall all trend of perceival quality assessment for PSTN telephony.

It shows that 80% of PSTN customers reported tiet hadneverexperienced these four voice
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degradation faults (slow voice, distorted voicepmbed voice, delayed voice), only a slight
number of customers (less than 5 %) reported tiethad oftenencountered these four voice
degradation faults. It means frequency of these faults is quite lower in PSTN resulting in
better perception for voice quality.

For three faults (i.e. Beep in communication, eatall drop), more than 60% customers
rated that they hadeverfaced these faults and less than 5% customersteeptirat they had
oftenencountered these problems. Around 20 to 37% owes®replied thasometimeshey had
encountered these problems. Only back ground nea reported with “slightly annoying”
score; as 44.4% customers said that swyetimesaced this problem. Hence as per impairment
scale for“never” category, out of 8 faults, 4 faults had “imperdelpt category scores, 3 had

“perceptible but not annoying” scores and 1 (backgd noise) got “slightly annoying” score.

6.5.2.2 PCQ for VolP

Table 17 presents the overall all trend of perakivall quality assessment for VolP
telephony. It shows that more than 80% VoIP custamgorted that they had never encountered
delayed voice, and distorted voice. Due to lowegfiency of these faults, they are considered
“imperceptible” to customers as per impairment esdal never category scale. Around 71 % to
79% customers reported that they hasler experienced beeps in communication, chopped
voice, and slow voice. Less than 6% customersrtegpdhat they haoftenfaced these three
faults. Thus they are in “perceptible but not anngy category score. Around 54% to 60%
customers reported that they haslverexperienced echo, call drop and background nemees.
And around 38% percent customers reported soeyetimeexperienced these three faults. Thus

they are in “slightly annoying” category as per aitment scale for never category.

Hence as per impairment scale foever” category, out of 8 faults, 2 faults ( delayed and
distorted voice) got “imperceptible” score, 3 faul(slow voice, chopped voice, beep in
communication) got “perceptible but not annoyingores and 3 (call drop, echo and

background noise) got “slightly annoying” scorekeTesults are also summarized in Table 18.
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Table 18: Comparative Analysis of PSTN and VolPItsau

Imperceptible Call Setup Faults (CSF) :ICSF1 CSF: Nil

Call Quality Faults (CQF): CQF: Delayed voice, distorted
Delayed voice, distorted voice, voice
chopped voice, slow voice

Perceptible but not annoying CSF: PoDF, PrDF,ICSF2 CSF: ICSF2
CQF: Call drop, Echo, and beep CQF: Slow voice, chopped voice,
in call. beep in call
Slightly Annoying CSF: Nil CSF: ICSF1, PoDF, PRDF,
CQF: Background Noise CQF: Call drop and background
Noise

Findings: As per Table 18, the slightly annoying faults R8TN customers is background
noise, and while for VolP customers, ICSF1, PoDRDP, background noise and call drop.

Background noise is common fault in both PSTN awndPyand it is negatively affecting call
quality. As per Table 18, for PSTN telephony, no call setipted fault is stated in “slightly
annoying” category. The possible reason for lowequiency of call setup faults with PSTN
telephony is its use of dedicated signaling syskeimwn as SS7 (or C7) which provides very
sophisticated additional call control and transactontrol capabilitie§S7 protocol (MTP2 and
MTP3) has robust keep-alive and error correctiomhmaisms. VoIP signaling is mostly based
on SIP and H.323 signaling links. SIP does notauseparate signaling path, but relies on the IP
connectivity from the originator to a Server andveeto the terminating party. SIP is basically
based on UDP1R26], so a lot of error correction and retransmisdias to be done using the SIP
protocol to account for the unreliability of the Bprotocol. Though H.323 requires both TCP

and UDP during the call setup, its implementat®namplex and time-takind 26|

Call drop is also stated as “slightly annoying” lpdeam for VolP customer. There may be
many different reasons for call drop such as ndtviaiture, hard ware and software failure and

network congestion. If a call drops after a spedifperiod of time, it's highly likely that operator
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has set this time limit to drop call either based smme billing options or saving network
resources and if call drops with fast busy tones fighly likely that another device is interfegin
with the line L27]. Answering machines, dial-up modems, alarm systamd caller ID devices
are devices which normally share the phone lineyThay interfere with phone line causing call

drop [127].

On the basis of customer experience data, it is ®atonclude that PSTN offers better call
quality than VolP on the basis of low percentageechnical faults. Because the frequency of
faults and customer complaints related to call iguake more frequent with VolP service than

fixed telephony.

6.5.3. Preferences

Customer preferences were differentiated basedhein type of telephone handset in use.
Table 19 shows the comparison between customeerprefes segmented on the basis of end-
user telephone device. Preference 1 is about unipted call even during power (supply)
failure. Preference 2 is having smooth voice gyaRteference 3 is HD ring tone.

Table 19: Customer Preferences based on Custonmetskia

Preferences PSTN Wired PSTN VoIP Wired VolP Overall

Wireless Handset Wireless (0
Handset Handset Preference

Hands
gree) (Hands
free)

Handset

No. of Customers 234 266 87 413 1000
Preference 1 30.34% 48.12% 48.28% 58.60% 48.30%
Preference 2 20.09% 23.68% 22.99% 27.36% 24.30%

Preference 3 15.38% 7.52% 20.69% 12.11% 12.40%
None of these 15.81% 9.77% 3.45% 0.73% 6.90%
Don’t Know 18.38% 10.90% 4.60% 1.21% 8.10%
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Figure 27 Customer Preferences based on Customer Teleptemise

It is clearfrom the Table 19 and Figure 27; the demand forference 1 is higher |
customers with wireless hdsets (48 % PSTN and 58% VoIP cwers) than with wire
handsets (30% PSTN, 48%IP customet). Secondly, it is also noticatiat there is more Vol

cudgomers who expect to he uninterrupted call during power outage {t PSTN custome!

The possible reason isat thelandline PSTN handsets usually rein active during powe
outage because they are |ered directly from PSTN local exchangdowever thisis not the
case with VolP based phos. Butsometimes power issues also peraigh traditional analog
service in areas where macustomers purchase wireless telephonedset or that have oth
modern phone features, suas buil-in voicemail or phond®ook feature.In the event of power
outage at user sidéhey ma’ not function any more. In the context ®IP phone, some Vol
providers offer backupower supplies with VolFhandset to ensure aminterrupte service in

case of power failure.
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Second preference refers to customer expectatioat &mnooth call quality with clear voice.
20% PSTN customers and 22% VolP customers withdaendset want to hear a smooth sound
and problem free conversational quality. 23% PSUblamers and 27% VoIP customers expect
the same. It is evident that less number of custerpessessing wired handset demand for this
preference than customers possessing wireless dtantisis highly possibly that wireless
environment, mobility and the capabilities of waet hand held device could cause some
additional problems in call quality. Secondly itakso clear that more VolP customers demand
for smooth voice quality than PSTN and it is alsderstandable that PSTN is mature technology
offering a dedicated voice channel with QoS assuigawhile due to inherent problems with

Internet, VoIP still lacks to provide smooth calladjty compared to PSTN as discussed earlier.

Third preference refers to customer expectatioruabing tone. The results of survey suggest
that customers possessing wireless set are masfieshtwith ring tone of their sets than with
wired handsets. It means there is room for impramnin wired handsets’ ring tone quality.
Secondly as per Table 19, more VoIP customers éxpeget HD ring tone quality than PSTN

customers.

There are also 15 % customers who do not know aheirtpreferences or at least don't care
about these three preferences. These are alsolarexkghunk of customers whose expectations

are unknown.

6.5. 4. Overall Satisfaction

This metric represents the level of customer sattgin with offered quality. Table 20 shows
customer satisfaction MOS score for PSTN and V@Rise based on different age groups. It
seems from MOS scores that customers of all agapgaoe more satisfied with fixed telephony
service than VolIP but it may be only the matteclodnce in survey, therefore it is important to
test the significance whether this assumption gebdaon pure chance or it could be generalized.

For this purpose, we conducted hypothesis testasgd on chi-square tegtfor homogeneity.

Chi-square test is very powerful technique to sgtotheses for frequency distribution based

on categorical or nominal dath2g as given in following equation.
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B (0i-Ei)?
X=X (viii)

Where

¥2= Pearson's cumulative test statistic, which asytigatily approaches # distribution.
O; = an observed frequency of Customer satisfactata d
E; = an expected frequency of Customer satisfactaia d
n = the number of cells in the Table.

But before proceeding to apply Chi-Square testpresent some important Chi-Square test
requirements which are (i) quantitative data seite@orical or nominal data) (i) Adequate
sample size (At least 10), (iii) Independent obaBons (iv) data in frequency form. Our data
meets all these requirements and now we use Char8dq#) to find out if there is a significant
difference between the observed and expected fnegsefor the VolP and PSTN customers in

the levels of satisfaction. We first define Hypedbs:

6.5.4.1 Hypotheses:

HO: Customer satisfaction level of particular age gsatustomers is homogenous or same
for both PSTN and VolP service.

Ha: Customer Satisfaction Level of particular age grawstomers is NOT homogenous or

same for PSTN and VolP Service.

Table 20: Overall Satisfaction differentiated lthea Customer Age

4.08 2.76 HO

4.05 3.63 3 15.7 H1
7.82

3.82 3.55 7.86 H1

3.98 3.71 9.21 H1
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We will use the Chi-square for homogeneiy2@ to test these hypotheses. The level of
significance ¢) is 0.05. The critical value g when degree of freedom is 3 amds 0.05 could
be referred to Appendix A.1 and it)3(0.05) =7.82 as shown in Table 20.

Age group less than 40 yearsThe obtained? value is 2.76 and it is less than critical value
(7.82); thus we accept HO hypothesis. It meanshiercustomers of age group less than 40 years,
overall satisfaction levels with PSTN and VolP dyahre similar and they do not perceive any
statistically significant difference in VolP and HA$s offered quality. MOS score for VolP
(4.08) is slightly less than PSTN (4.20). It iseséd conclude that this age group is comfortable

with VolIP service.

Age group 41 to 55 yearsThe obtained? value is 15.7 and it is greater than criticalueal
(7.82); hence we reject HO hypothesis. And an radtier hypothesis (Ha) is correct; thus customer
satisfaction level for this age group is differér@m PSTN to VolP. MOS score also suggests
that in this age group customers are slightly nsatisfied with fixed line telephony (4.05) than
VoIP (3.55) as shown in Table 20. And Hypothesssitg does suggest that there is difference in
customer satisfaction levels for PSTN as well a$PVdt is safe to conclude that customers of

this age group are more satisfied with PSTN thalPVo

Age group 56 to 64 yearsThe obtained? value is 7.86 and it is greater than criticalueal
(7.82); hence we reject HO hypothesis. And an radtier hypothesis (Ha) is correct; thus customer
satisfaction level for this age group is differérdm PSTN to VolP. MOS score also suggests
that in this age group customers are slightly nsatisfied with fixed line telephony (3.98) than
VoIP (3.71) as shown in Table 20.

Age group more than 65 yearsThe obtained? value is 9.21 and it is greater than critical
value (7.82); hence we reject HO hypothesis. Andhléernate hypothesis (Ha) is correct; thus
customer satisfaction level for this age groupiffedent from PSTN to VolP. MOS score also
suggests that in this age group customers aretlgligiore satisfied with fixed line telephony
(3.15) than VolP (3.0) as shown in Table 20.

Part 2 Chapter 6. Page 143



6. 6. Conclusion

In this chapter, we presented results of the cust@urvey study to investigate the impact of
various kinds of faults upon quality of customempenence. We presented a simple applied
research model to conceptually link prediction pagters with QoE factors. Customer survey
was conducted to gather data from real customdoshgp@g to leading French telecom operator

Orange.

QoE based assessment suggests that in terms aiyeelcavailability and perceived call
quality, PSTN outperforms VolP telephony. The ocence of call setup faults and network

faults are more recurrent in VolP telephony thai RS

Customer preference data are classified on thes bafsiend-user device. We found that
customers with wireless handset have more stringeptirements for interruption free call in the
wake of power outage as well as for smooth callliguduring conversation than customer
possessing wired handset. Customer preferencecnsétows that PSTN customers possessing
wired and wireless telephony are less worried apouter outage or voice degradation issues as

compared to VoIP customers.

For overall customer satisfaction with VolP andiged telephony service, MOS scores were
calculated and Chi-square based hypothesis teatasgconducted. The results shows customers
of age group less than 40 have similar levels @éfsations towards VolP and PSTN service
while customers of age groups more than 40 feebmatisfied with PSTN than VolP. It means,
despite PSTN'’s better call setup performance atidgoality, young customers are somehow

satisfied with quality of VolIP.
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“Always design a thing by considering
it in its next largercontext- a chair in

a room, a room in a house, a house in
an environment.”

-Eliel Saarinen (Finish Architect)

Chapter 7. Study 3: QoE and Virtual Acoustic

Environment

Highlights
* QoE-Context relationship
» Impact of Virtual Acoustic Environment on QoE
» Subjective and Objective QoE Factors
» Case Study:3D Audio Telephony

* Work done in collaboration with Tubingen Universidgrmany
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7. 1. Introduction

In this chapter, the impact of contextual paramseten QOE is investigated. We define and
bench mark QoE factors. The relationship betweelt @od contextual parameters will be
evaluated in two different test scenarios througheru experimentation. 3D Audio

teleconferencing service is selected as use cageeséor experimentation purposes.

Classic teleconferencing often suffers from issiesh as low intelligibility, limited ability of
the participants to discern (in particular) unfaarilinterlocutors, to separate different speakers
and to communicate over a long time without suligthatigue [L29. 3D Telephony is a
possible solution to address the shortcomings aflitional teleconferencing service. 3D
Telephony provides 3D sound and virtual acoustigirenment which improves quality of
experience of teleconferencing service. Virtual ustic environment helps participants of a
conference call to spatially separate each otbeaté concurrent talkers in space and understand
speech with clarity. Further, virtual acoustic eowment provides teleconferencing participants a
level of freedom to modify specifications of virtuenvironment like room size, Table size and

even place talkers at specific distance and doeds per their own requirements and ease.

It is also interesting to investigate the differerin QOE with respect to gender in virtual
environment. The previous research has also revetiat there are gender differences in
perceptions and behaviors as wdlB(] [131]. In [132, superior performance by women on a
task requiring object location memory has challentee traditional view that men excel on all
spatial tasks. A significant departure from theextpd findings on sex differences has been the

discovery that women excel also on a test of locathemory for objectslB3.
Following research questions will be investigatethis chapter:

* Do virtual contextual parameters influence on QoE?

* What is impact of voice types on QoE in 3D virtaabustic environment?

* What is impact of virtual room size on QoE in 3Btwal acoustic environment?

» Is there any difference in QOE with respect to gerad test participants?

* Is there any difference between subjective QoEofacfLocalization Easiness) and

objective QoE (Localization Performance)?
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7.2. Telephony Architecture

The 3D Telephonyl34] architecture is presented in Figure 28. 3D Tetephsetup is based
on a point-to-point architecture using a differemmtual environment for each user, whereas each
user keeps full control over the virtual environmplaced at his or her end of the connection. All
audio streams are only rendered locally and pldyack directly to the headphones of the
respective user. Here, multiple avatars, one feddbal caller and one for each remote call party,
are created. The incoming audio stream is thendnded to the rendering engine and outputted
on the headphones of the local caller. Head-trgcksn enabled by connecting to all hosts
supplying local virtual environments and modifyitige position of the local as well as of the

remote avatars.

3D0Tel/Ekiga audig J0Tel/Ekiga
3DTel 30Tel
Plug-In i Flug-In
Yerse 5 pasion =i g Verse
arientation
UWAS UVER UWVSR I UVAS
I |

Figure 28: 3D Telephony Architecture

Implemented system is based on the open-source SoftHphone Ekiga, which has been
enhanced by a plug-in to control the virtual enmim@nt in order to support QoE requirements.
As a rendering engine, we utilized Uni-VersE8J acoustic simulation framework which is
open-source software for developing 3D gani&|[ In our research, we use only the features
that are needed for spatial audio rendering. Thieersk telephony toolkit was employed as a
conference bridge and enhanced by a dial-plan @gifmn that connects to the rendering front-
end. Asterisk is an open-source telephony softeamework developed by Mark Spencer
[137). The current prototype system can be installeduoy desktop computer or laptop running
an Ubuntu/Debian based operating system. Furth@ilsl@bout 3D Telephony and associated
information can be found iriBg [134.
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7. 3. Research Modd

To evaluate 3D Audioleleconferencing tool and analyze the act of virtual acousti
environment over users, wresent a research model for 3D Teleph From high level Qol
interaction model (chapteB), we see the interaction between &-technology, QoOE-&-
business and QoE-&entextdomains. Inthe current contribution, we ancentrate to study ti
relationship between QoE-&ontext domains. More specifically we try compar and correlate

QoE with 3D virtual acoustienvironment as shown in Figure :

Outcome QoE Factors
Influencing Factors

Virtual Room
Size 20 m*
Virtual Room
Size 15 m*
Virtual Room
Size 10 m*

Overall Audio
Quality

Subjective
QoE

Spatial Audio
Quality

Context
Localization

Easiness

Voice Type ) o
MxM ' Objective QoE

Voice Type
MxF

Localization
Performance

Voice Type
FxF

Figure 29: QoE- Contextual Domain

7.3.1. QOoE Factors

To understand huma quality requirements during interacticwith virtual acoustic
environment, we define folQoE factors as given below. These Qactors represent humi
perception and performancbout two important aspects i.e., localizatbf talkeis and perceived

audio quality in virtual acouic environmen

7.3.1.1 Localization Ferformance (LP

LP is an objective uman factor. We define LP as “an asiment of how correctl
listeners could locate e positions of the concurrent talkers iirtual telecoferencing

room”. LP data are quéitative data based on actual performancisteners. LP represen
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listener's ability to locate either both simultangdalkers correctly or only one talker or none
of the talkers in virtual acoustic environment. d&a are presented with percentage score.

We define three subjective human factors, (i) Liaediion Easiness (ii) Spatial Audio
Quiality (iii) Overall Audio Quality.

7.3.1.2 Localization Easiness (LE)

It represents human perception and feelings almmaliring talkers. We define LE as
“how easy listeners feel it to locate concurreiikdes in VAE?” Subjects were asked to give

their opinion ratings on five point MOS scale.

7.3.1.3 Spatial Audio Quality (SAQ)

This factor is also perception and feeling relapedameter with respect to 3D audio
quality. We define it as “how do listeners percearel feel the spatial separation of talkers
and pleasantness of 3D speech on audio qualityBje&is were asked to give their opinion

ratings on five point MOS scale.

7.3.1.4 Overall Audio Quality (OAQ)

It represents overall acceptance of the 3D acoestironment and 3D sound effects.
Subjects were asked to give their opinion about twey perceive the overall quality of the

3D audio telephony.

7. 3. 2. Influencing Factors: Virtual Context Characteristics

The Quality of Experience in virtual acoustic eovniment depends upon specifications of

virtual acoustic environment such as virtual roone svirtual table size, voice types of the talker

in virtual environment, number of concurrent tatkar the virtual conference etc. In the current

chapter, the focus is on two contexts (i) virtu@m size (ii) voice types.

For the size of virtual room, three room sizes waesidered such as 10 m3, 15 m3, and 20

m3. By changing the size of rooms one by one, wayaed their impact upon QoE factors. In

voice type for concurrent talkers, three scenaai@s possible i.e. both talkers’ were males, or

females or mixed i.e., one male and one femalecl2yging voice type of concurrent talkers in
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virtual acoustic environment, we analyzed its intpgion listener’s perception and performance

and hence overall quality of experience is evatliate

To validate this model and investigate relationsbigtween QoE and virtual acoustic

environment, and user studies were conducted asémlowing methodology.

7.4. Methodology

In order to evaluate QoE and 3D virtual acoustarmment, the formal listening-only tests
were conducted to study various teleconferenciremagos. User experiments were conducted
with 31 paid subjects, 13 of them female and 1&hafm male, according to ITU-T P.800
recommendations/[f] as far as possible. All tests were conducted guiat listening room on a
computer using a specially designed user interaseshown in Figure 30) on Linux operating

system.

Deroription:
This test oot ains two different male speakers,
P il locat lons of 18 abire e chi i the 1

Play sefanisnce sanple 1| [ ey reference camgle 2 Pliry Fali i samph 3 Play refuiisnie sample 4|

Play sample 5.1 (Fimes lefi}

1. Pipaws iccate the ciffererd sprakers acooeding to the map shown abows.

a - El -

Hale 1 P 3
2. H=w mawyly could you iocate the talker?
3] [+ [24poon [=]
Hale 1 P 3
A Plrase jisdge the saatisl guaity of the woiors. Spatial quality includes the mosition, the sidth and distance of the talkers and the feeling of presence.
3 arir) |- |.11quun: .-|
Male 1 Pade 2
A Pimase psdge the oerrsdl quality of the wmices. Overall qualey alse indudes spatial quality.
DY TR

Male 1 ke 3

Figure 30: user interface
To enable participants to distinguish the differéadkers contained in each sample, each
talker was represented by a number as well apdisen text. Each participant was asked a series

of questions to be answered for each talker coattimthin each sample.

Localization performance of each test participamats wneasured separately by presenting

him/her a map with possible talker locations. Loxglon easiness, spatial and overall audio
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quality were measured using discrete MOS-LQSW énstg Quality Scale Wide-band) scores
with the values 1 (bad), 2 (poor), 3 (fair), 4 (dpand 5 (excellent). All audio samples consisted
of anechoic speech samples taken from the ITU-T. R0 Appendix 1 library. They were
prerecorded from and processed by the open-solrcudio rendering engine Uni-VersE3p

at a sampling rate of 16 kHz. The speech samples meeorded using three different male and
three different female voices, each speaking f@amtences in American English. Selection of
scenarios and sub-scenarios to form QoE Modelirggldeeen taken on the following facts and

grounds.

Virtual Room Size: In this scenario, we analyze how varying virtuadm size and sound
source/talker-to-wall distance impact upon QOE dext How participants’ opinions and
performance vary with varying room size. To detemnihe effect of room size and sound
source/talker-to-wall distance on all QoE scordss test uses three different rooms with
dimensions of 10m3, 15m3 and 20m3. The averagetiengf the presented stimuli add up to
14:38s, 14:65s, and 14:43s for the three tests.

Voice Type: In this scenario, the goal was to test the impzctelative and absolute
differences in voice types (such as two concumegie, female or mixed gender talkers) on QoE.
Therefore, the three tests within this setup weomdacted, Voice Type-1 utilize two
simultaneous female talkers with an average silgmath of 13:03s, and Voice Type-2 with two
mixed gender talkers with an average signal leraftli4:42s and Voice Type-3 is for two
concurrent male talkers with speech signals of ayeerlength of 14:38s, from four possible

locations distributed around the virtual table.

7.5. Results & discussions
7.5.1. Reliability and Validity Testing

Before proceeding to results, it's important toifyereliability and internal consistency
of QOE constructs (LP, LE, SAQ, and OAQ) utilizedvarious scenarios. Cronbach Alpha
test is normally employed to verify reliability amdlidity of data. QoE factors at each sub
scenario level and as whole are tested and thétgesme presented in Table 21. The cutoff

threshold is 0.6 and it is evident from the resthizt all values are more than 0.6, thus it
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suggest a high level of reliability of constructiables and underlying measurement items
[139.

Table 21: Cronbach's-Alpha

QoE Factors Scenario Cl:;‘; t;la;h
| 10m? 867
‘g?;l 15m? 344
Localization Performance (LP) | Size 20m? 813
Localization Easiness (LE) Overall .893
Spatial Audio Quality (SAQ) M*M 813
Overall Audio Quality (OAQ) Voice F*F 839
Type M*F 814
Overall .903

7.5.2. Results

In this section, we present our results about tvannscenarios based on virtual room size

and voice types of participants.

Table 22Relationship-results--LP-and-MOS Scores

. . o MOSLE | MOS SAQ | MOS 0AQ
i
\Elizfﬁo‘::;gf = ;:f;ﬁ;f; =N (with 95% | (with 95% | (with 95%
Cch ) Cch
20 m? = 63.44% = 3,68+0,11 | 3,84+0,10 | 3.86 +0,10
Room Size 15 m? = 71,77% =  13,77+0,10 | 3,79+£0,10 | 3.74 £0.10
10 m? = 72,31% = 3.62+0,11 | 3,58 +0,11 | 3.53 £0.11
Male Talkers = 63.44% = 3.68+0,11 |3,84+0,10 | 3.86+0.10
Voice Type| Female Talkers = 48,66% = 3,70+0,13 | 3,81 £0,11 | 3.81 £0,11
Mixed Talkers = 76,61% = 3.83+0,12 | 3.97+0.10 | 3.87 £0.11
Parameters = Performance = MOS score Compariosn
Comparison
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7.5.2.1 QoE Factors and Virtual Room Size

In this experiment, on the basis of change in the sf virtual teleconferencing room,
guality of experience factors are analyzed.

Objective QoE Factor: Results from Table 22 and Figure 31 (a) suggest ttrere is
very small decrease in localization performancai@akhen the size of room is switched
from small room (10 m3) to medium size room (15.mM%hen the size of virtual room is
switched from medium to big room (20 m3) size therdden decrease in localization
performance (around 7%) was noticed. The overahdr suggests a strong negative
spearman correlation (-0.89) between virtual rooime sparameters and localization
performance factor. It means that with increasiognr size, the subjects’ performance to
locate concurrent talkers in virtual room decreases

Subjective QoE Factors: Results from Table 22 and Figure 31 (b) suggeat th
Localization Easiness follows opposite pattern wigspect to LP values. LP scores are
higher in smaller room while LE scores are lowersmaller room, and vice versa for big
room. But both LP value and LE scores are foungetthe highest in medium size room (15
m3). We can conclude that for optimal localizatexperience, medium size room is better
choice for teleconferencing.

To assess the spatial audio quality and overallicaggality experience in virtual
teleconference rooms, we look at the Table 22 aigdr& 31 (b) and they show that
subjective spatial audio quality and overall augli@lity scores are gradually improving with
increasing in the size of virtual rooms. Unlike L9¥ong positive correlation is found for
both SAQ (0.94) and OAQ (0.98).It means that subjdocalization performance is
decreasing with increase in room size, while spatia overall audio quality increase with
increase in virtual room size.

The possible reason for this match between objea@nd subjective QoE results is the
fact that as the echoes and reverberation are st@tehed in larger rooms, it feels easy to
locate talkers. It is reported in literatudet()] [141] [142 [143 that reverberation in acoustic
environments is considered as a reliable cue imtieng source distance but it also
modestly degrades directional perceptidd4 and speech intelligibility 145 [144. In
addition to this, it is reportedl47] that reverberation enhances the distance peareptit

degrades localization performance.
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Figure 31(a). Objective QOE vs Virtual Room Size Figure 31(b). Subjective QoE vs Virtual Room Size

It is sufficient to conclude that a small size rogonovides better localization
performance but it has the lowest localizationiresss, spatial audio quality and overall
audio quality scores, while in big room scenarighjscts give the highest scores to spatial
and overall audio quality. Thus a medium size ro@moptimal choice where both

localization performance and audio quality scoresirasuitable range.

7.5.2.2 Experiment II: QoE Factors and Voice type.

Since, this is listening only experiment, we chatigevoice type of talkers in order to verify

if participants’ QOE scores change based on changetkers’ voice type.

Objective QOE Factor: As per Table 22 and Figure 32 (a), the resultgssigthat, listeners’
location performance greatly reduce with femalecegoiype samples (both concurrent talkers
were female) and they could not perform well toatecfemale talkers’ position correctly in
virtual conference room. LP value was poor (48.6% f&% concurrent female talkers. For
simultaneous male talkers, it was observed th&tnes’ localization performance improved
(63.44%). The highest localization performance ®alas obtained i.e 76.61% with mixed
gender voice type (one male and one female vome)ty
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Subjective QoOE Factors: For localization easiness, subjects gave almasiiasi rating to
male as well as female talkers’ voice type i.e836d 3.70 respectively. The lowest scores for
spatial audio quality and overall audio quality &vend for concurrent female voices. However,
the mixed gender voice type got the highest ratfog&E (3.83), SAQ (3.97) and OAQ (3.87).

Results show that both localization performance landlization easiness obtain the highest
values with mixed gender voice type since both eican be distinguished more easily than the

concurrent voices of the same gender.
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Figure 32(a). Objective QoE vs. Voice Type
Figure 32 (b). Subjective QOE vs. Voice Type

7.5.2.3 Experiment Ill: QOE Moderation based on Gender

In experiment 7.5.2.1, It was discussed that hansthe of virtual room could impact various
QOE factors. Now, our interest is to see, if thisrany different in QoE vs. virtual room size
relationship with respect to the gender of subje&ssthere are total 31 subjects, 18 male and 13
female, so, it was decided to take equal sampl@sn@dle and 13 female) and then compare their
LE and LP scores to investigate any gender bagtstatice in QoE results. But seeing the lesser
number of samples which may give erroneous resitltwas decided to use more powerful

technigues to measure LP with more accuracy.

The most common way to measure a successful taskletion is to divide the number of

participants who successfully completed the taglkofXocalizing talkers in virtual environment

Part 2 Chapter 7. Page 155



by the number of participants who attempted thk tasto estimate p, the population probability

of successful completion. The equation for gengoaht estimator is given as belod4g.

_ (x+c?/2)
T (n+d

----- (ix)

Other point estimators are special cases of gemnpalt estimator which are given
below.

When ¢=0, it becomes Maximum Likelihood EstimatdLE);

p=x/n (x)

When c=1, it becomes Jeffrey’s point Estimator;

p=(x+05/(n+1) (xi)

When c=/2, it becomes LaPlace;

p=x+1)/(n+2) (xii)

When c=2, it becomes Wilson’s point Estimator;

p=x+2)/(n+4) (xiii)

For the estimation of task performance, the Wilpomt estimator is recommended, if
proportion of success (x/n) is less than 0.5. Maximiikelihood Estimation (MLE) is used,
if the proportion of success(x/n) lies between ©.%.9 and LaPlace method may be used
when proportion of success (x/n) is greater th&h[048 . These estimation techniques
produce statistically significant result about usealization performance.

For calculating p, it is also important to calcel&onfidence Interval (Cl). Cl is used to
indicate the reliability of an observed data byeatain confidence level. The confidence
interval is double of the margin of error and itgeis the likely range the population means
and proportion will fall in. There are many techuimg to calculate confidence interval. In
[149, they present methods (Wald, Adjusted Wald, Cé@ppearson Exact, and Score) to
compute CI. They found that the Adjusted Wald tégha is suitable technique to calculate
error margin and confidence interval.

We calculate localization performance based onouarpoint estimates, and CI will be

computed using Adjusted Wald method.

Localization Performance Measurement Process:
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First of all, data were classified into successdnd unsuccessful gender groups of test

participants with respect to each virtual roomiasmgyin Table 23.

Table 23: VAE and successful & wtassful gender groups of test participants

Virtu'al Acoustic N Groups Nun'll?er of
Environement Participants
= Successful Males 6
20 = Unsuccessful Males
= Successful Females 8
= Unsuccessful Females 5
_____ _:_)_ - Successful Males 10
Room Size 15 m® = Unsuccessful Males 3
= Successful Females 9
= Unsuccessful Females 4
_____ _:_)_ - Successful Males 11
10 m® = Unsuccessful Males 2
= Successful Females 8
= Unsuccessful Females 5
Virtual Acoustic = S fuland U ful Gender Groups of
Environment Test Participants

From Table 23, values for x (successful particippand n (total numbers of participants) are
obtained. Point estimators are used to calculatalilation performance proportion “p” and

adjusted Wald to compute CI. The results of contpartaare presented in Table 24.

Table 24: Analysis of Human QoE Factors in relatmVirtual Acoustic Environment

Human QoE Factors
Virtual Acoustic Quality scores on Human
Environement = Proportion of Performance Localization Fasiness
Male (p) + CI Female (p) + CI Male Female
20 m? = 0.4703 + 0.2384 | 0.6154 + 0.2350 3.82 £ 0.22 3.58 £ 0.27
Room 15m
Size = 0.7692 + 0.2172 | 0.6923 + 0.2280 3.85 £ 0.17 3.87 £ 0.15
10 m*
= 0.8214 + 0.2018 | 0.6154 + 0.2350 3.64 £ 0.39 3.90£0.31
Virtual Acoustic . Analysis of Human QoE Factors in relation to Virtual Acoustic
Environment Environment

Male Participants: It is evident from the Table 24 and Figure 33 thatalization
performance increases for male participants assittes of virtual room decreases. The overall

trend suggests indirect relationship between laatbn performance rate and virtual room size.
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It means male participants successfully localizedentoncurrent talkers in small-sized room (10
m3) than big-sized room (20 m3).

Female Participants:Unlike male participants’ data, female localizatjgerformance is same
(0.6154) in both big room (20 m3) and small roorfd (13). However their highest localization
performance proportion rate (0.69) is achieved iimildle size room. It means female
participants' perform better localization in middiee room (15 m?3), while the small and big size

room bring no considerable difference in their l@sion performance.
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Figure 33: Comparison of LP for male and femaldigigants

Comparison: It is quite clear from the Table 24 and Figure 8@t both male and female

have some noticeable difference in their local@aperformance capabilities.
Localization Easiness

Since, easiness measures a person's belief inr eraability to perform a particular task
[150, therefore, in this study, we were particulariterested to investigate whether quality
scores for localization easiness of test partidgp@hay any clear role in performing localization
of concurrent talkers in virtual acoustic enviromid-urther, distribution of quality scores on
human localization easiness is reported in Tab)d-Ryure 34.

Male Participants: Male participants’ perception of easiness is thghést in middle size
room (15 m3) which is 3.85 MOS score and the lovigsh small size room (10 m3) which is
3.64. It means male participants feel more easimekscalizing concurrent talkers in big room

than in small room.
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Female Participants: For female participants, the MOS score data tremggssts that
localization easiness and virtual acoustic roore sie inversely proportional, i.e., as room size
reduces, the perceived localization easiness séoncesases. It means female participants feel

easier in localizing concurrent talkers in smatine than big room.

Comparison: The data trend in Table 24 and Figure 34 sugdnedtrhale participants feel
more easiness in localizing talkers in big roormasely, female participants feel the opposite,
they feel that they can more easily localize takarsmall room. However both male and female
participants have similar range of scores in midsdie room (15 m3). It means the male and

female participants also keep different percepadls.
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Figure 34: LE for male and female participantsintual acoustic rooms

Localization Performance vs. Localization Easiness:

Male Participants: In big-sized room (20 m3), male participants gaeasiderably good
MOS score (3.82) which means they feel that theyroare easily locate concurrent talkers in
big-sized rooms. But in reality, when they wereeaktko locate the talker positions, they showed
poor localization performance. While in small-sizedm (10 m3), the LE MOS score is 3.62,
which is lesser than big-sized room (20 m3). ButddBre was the highest (0.82). It means male
participants perceive it easy to localize talkerdig-sized room (20 m3) room. But when male
participants were asked to locate the talkers thr(), their localization performance was the
lowest. At medium-sized room (15 m3), both LP artldtart to converge. It suffices to conclude
that male perception and performance differ in lmtiall and large room. But both LP and LE

converge to similar trend in middle size room.
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Female Participants: LP rates are similar in both big-sized room (20 &yl small-sized
room (10 m3), but LE-MOS scores differ in these mso In large room (20 m3), female
participants perceive it harder to locate partictpahan small-sized room. In reality when they
were asked to localize talkers in both large andllsraom. They performed equally well in both

rooms. However in middle-sized room (15 m3), bokhdnd LE scores converge to similar trend.

7.6. Conclusion

In this chapter, we focused upon the influence aftextual aspects on QoE, while the
influence of technological and business parameigrsonsidered in previous chapters. To
evaluate and validate the QoE and context reldtipnsa (listening-only) user study was
conducted using 3D Audio teleconferencing. The wtedy results present assessment of the
QoE factors like localization performance, locdii@a easiness, spatial audio quality and overall

audio quality with respect to changing charactiessdf contextual aspects.

According to results, contextual aspects have émite on QoOE constructs. With change in
the size of virtual room and voice type of concotrtalks, the change in the values/scores of
QOE factors were noticed. It is also noticed assilae of virtual room changes, there appears a
noticeable difference in human perception and perémce in virtual acoustic environment.
Furthermore, it was investigated that how gendéferdince affect QoE- virtual environment
relationship. The results suggest that male ppeids’ localization performance increases as the
size of virtual room decreases, but unlike maleigpants’ data trend, female participants’
localization performance is same (0.6154) in baghrbom (20 m3) and small room (10 m3).

For subjective QoE data results, it is obvious timale participants feel more easiness in
localizing talkers in big room; conversely, femglarticipants feel more easiness in localizing
concurrent talkers in small room.

Though male and female participants have slighiffei@nt trends between performance
rates (LP) and LE-MOS scores in small-sized (10 am big-sized (20 m3) room but their

perception and performance capabilities convergegntdar trend in middle size room.
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Part 3. Implementations and

Architectures

Introduction

There are many tools and frameworks availableHermeasurement of network traffic but
as QoE is still emerging field, there are not ma@YE monitoring and evaluation tools
available. In first two parts of thesis, we moveohi concepts to practical study, now based on
previous experience, we are going to present wairogress to introduce some tools for an

effective monitoring, evaluation, and managemer@oiE for multimedia services.
This part contains two chapters:

Chapter 8 presents a QoE framework for Multimedievises (QoM).This framework is
client-server model and it provides web-based tliaterface for accessing videos and user
feedback. Most of the processing and analysis i @ server side. Admin is alerted incase of
decline in QoE.

Chapter 9 is about QoE framework for multimediaviees based on Android based smart
phones. This tool evaluates QoE at client side.
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An idea that is developed and put
into action is more important than
an idea that exists only as an
idea”

Buddha

Chapter 8. QOM: A new QoE Framework for

Multimedia Services

Highlights
* QoE framewOrk for Multimedia services (QoM)
* Architecture of QoM
* How this framework functions?

* In-progress work
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8. 1. Introduction

This framework is anittempt to provide a QoE evaluation toc industry and researc
community. It is still at it infancy stage but we intend to presenis opel-source tool to
research community soornd in this waywe expect it to gematurzd over he time. This
framework is named as € framewrk for Multimedia services (Qd) and it is intended t
perform the functions of onitoring data, analyzing it and then reing it to admiiistrator
(Admin).

The goal of QoM frameork is to perform thre main functions as sswr in Figure 35. QoM
framework captures netwc traffic, video parameters and user ratinnd it does analysis ov
captured data based onmple statistics to advanced techniqueich as multiple linee
regressions to Rough Setecy (RST) and qualitative analysisThe inportant task of QoM i
to report periodic updates Network Administrator and alert them withessage in the event

degradation in QOE score.

Monitor

Network data Application layer data User Rating & Comments

Analyze

B ——

Report

el LD

Figure 35: Basic Functions of QoM

In next,some related wrk is presente
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8. 2. Related work

Some niche venddtshave started developing QoE based tools but thestlynfocus on
objective QoS/QoE factors such as perceptual etratuaf speech quality (PESQ) technique
[17] and peak signal to noise ratio (PSNR). In acadenhere is also on-going effort to
propose QOE monitoring and evaluation frameworkse Guch work is151], where authors
propose a QoE monitoring framework for video delveetworks. Their framework is based
on PSQA (Pseudo Subjective Quality Assessment) ntdoby. Another framework is
subjective assessment framework MintMag][which provides quantitative analysis of both
network and application level QoS parameters tdipt&)oE scores (MOS). Inb2], Authors
proposed a model and framework to evaluate videaditgubased on application level QoS
parameters. Our framework supports subjective assm® and for data analysis both
guantitative and qualitative methods could be u3adble 25 presents summary of comparison
between different available frameworks.

Table 25: Comparision of different Video Qualityt® with QOM

QoE MintMos Taichi Niche vendors QOM

Framework Kawano et al Framework

Parameters NQoS+ AQoS AQoS: Video PESQ,

Blur and Blocking VQM

PSNR, NQoS+AQoS

Monitoring Yes Yes Yes Yes

Support

Analysis Support Yes Yes Yes ( Quantitative
(Quantitative Only) (Quantitative Only) (Quantitative Only) +Qualitative)

Reporting No No Yes Yes

Remarks Subjective Subjective Objective Subjective
Evaluation) Evaluation Evaluation Evaluation

8 www.witbe.net www.ibys.com/ www.qoesystems.com
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8. 3. Architecture of QoM Framework

QoE frameworkfor Multimedia services (QoMis build on J2EI model. The importar
components of this frameywk are QoE Manager, QoE database, Vistreamin¢server, Web-
based client interface, Wddased admin interface. The Fig 36 shows the detail architectul
of QoE framework, sniffetools are deployeat two sides of the ser:e model, one at serv
side and one at client sideVith this deployment, ¢ serviceparametersould be captur. QoE
manager performs the aysis and management functions on cred data. VLC serve
provides the VoD servicever the client web browser. All the obje of the framework ar
synchronized with the NSQL (QoE) datbase. We discuss onoy one each of the:

components of ths)amewok.

Server Side

Network Side

Admin Side

Client Side
QoE Manager Video

: | Eakia

Client . : . _
. : ' i Web Interface Directory <Y

sniffer ; Sniffer Module :

i i DB |:

Networks
(Unicast/
Multicast /VOD/
IPV4/IPV6) )

Figure 36. Architecture Diagram of QoM

8.3.1. Client Interface

A web-based client intrface is developed to facilitate users to w videos online and giv
their QoE ratings. Clientnterface consists of user profile informin, QOE rating tab an
video section as shown irmigure 3. User profile information conss of user demograph
information (age, gender, ofession, country, and location). QOE raiconsists of quantitative
scales 5-point scale, bemnal ratings and qualitative comments. Dient QOE scales provit
users a facility to give theresponse about quality based on thesezs. Video part of clier
interface permits users watch any f given video content (e.c News, Football, an

Container) by using any owo resolutions (360x240 or 640x48
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8.3.1.1 Client Side System Requirements:

Latest Firefox browser is used for the current iegr<of framework as client interface.
However, client interface also supports Google otaoClient side machine should have latest
version of Firefox or Google Chrome with VLC plug-itility. As client interface is based on

web browsers, it can run on any operating systemwdupports Firefox and Google chrome.

Secondly client machine should contain a Wireshailky in their machine so that client

side data capturing could be done.

Each time, a user wants to watch video, s/he wdllaiotted a unique random session
number. And S/he has to insert client IP addreks®@rocessing video test.

Session Number: 456
Video Server: |157.159.100.225
Client address: |157.159.100.240

User Profile Video
Age iablganey | 18-28 /S
Gender =
ahligitary | Male =
Profession | information Technology = | News:

Countt¥| France

Place | Office =

- Rating
Do you like
video # Yz Mo
content?

Comment?™

How do yvou
perceive
video
quality?

Parametter
file Browse..

Wideo names Football
Frame rate: 30

Delay
average

Jitter

Package
receive

Figure 37: Screen shot for Web based client Interfa

A client comes to the VoD service web page and sésdahe video contents and its

resolution. After watching demanded video, clieiit provide his personal information such as
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name, age, profession, gender, country, place, dikenot the video content, comments,
resolution selected. However the client interfacaat dumb terminal, it has ability to calculate
client side QoS information such as Jitter, one-wlalay, number of packet received, and
resolution. Upon clicking submit button on clienterface, the information will be transferred
to QoE manager for further processing.

8.3.2. Sniffers

In proposed framework, TShark is used as sniff&hark is a terminal oriented version of
Wireshark designed for capturing and displayingkpgewhen an interactive user interface isn't
necessary or availablé33. Using TShark, packet data can be captured frdirreanetwork, or
read packets from a previously saved capture éither printing a decoded form of those
packets to the standard output or writing the pectea file L54). TShark'snative capture file

format is libpcagormat, which is also the format used by tcpduang various other tools.

Sniffers are used both at client side and serdsr. Sniffer at the client side is used to sniff
the packet data (UDP) transmitted by client an@ikexl from server. The captured data will be
written into a file in the client's terminal, soathafter VoD session, the client's terminal can
provide the information such as the number of packeeived, delay and jitter to QoE

Manager.

Sniffer at server side will be triggered at the djmvhen user chooses to start the video
service test. Client needs to run wire shark mayaad s/he will be asked to turn off sniffer at
the end of session, while sniffer at server sidestart automatically and it will turn off aftena
elapsed time t (i.e., 3 min). Two Wireshark proessshould be configured with the same

filtering parameters such as client's IP addresses's IP address, and UDP protocol.

8.3.3. QoE Manager

QoE Manager is the heart of framework and it caasi$ three important modules: Core
module, Web-interface module, Log directory. Botie ttore module and the web-interface

module run on Glassfish Application server.
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Web interface moduleonsists of JSP, and Java Servlet. JSP is usedligptaying
information. Java servlet is responsible for inb@rcection between the core and client/admin

interface. Log directory stores logs of every vigdd@aming session.

There is a Glassfish servar5f that contains the beans, objects, classes armdfaenctions
of the service. The core module is based on Jaaasband it is responsible for taking all
necessary management actions. It comprises of ting@e component functions i.e., object
definition, operations and DB processing. Core n@diefines four categories of objects such
asuser, session, QoS and video. Operation part of @adule is responsible for conducting all
analysis, processing and management functiongofrdmework. DB processing is also a type

of operation processing between the core moduleQottt DB and the log directory.

Beside the core module, we created the web irdenfi@aodule. This module is based on JSP
and Java Servlet to facilitate communication betwé#®e core module and the web-based
client/admin interface module. The web interfacedale receives the request from a client
and/or an admin interface and transfers them toctine module for further action. The core
module processes data and send output data toaiémterface module to enable client/admin

terminals to display/access data.

Directory is responsible for storing data log filgptured from sniffer at server side. All the

packets coming in each side will be reported intpflles.

Inside the J2EE platformi$6], we had to build some function that connect t® dlutside
sniffing module, therefore, almost all the steptadpg the packet, writing into sessions' log
files, analyzing the log files, calculating the Qp&ameters and displaying the information to

administrator and client are automatically procdsse

Inside the framework, each session has its ownases$ and for each session, the sniffer
at server side captures information which is staneldog directory. And, the QOoE manager can
obtain the parameters like delay, jitter, packeeneed from the client side. The QoE Manager
then uses batch processing to update all the segsicameters and calculate packet loss,
predicted QoE. This batch processing method wibicithe situation that when client finish his
session but the sniffing process of server is epkrational. We encounter this phenomenon
because the QoE Manager captures the packet dhd same time, it has to write into the log

file. Thus wire shark at the server side takes stime to turn off.
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8. 3.4. Parameter Measurement

The sniffer tools (i.e., TShark) is responsible foapturing the entire UDP packet
transmission during a particular session. Basedcaptured data, the QoS parameters are
calculated such as average delay, jitter and pdog&etas given in equation below.

8.3.4.1 Delay calculation:

N-1
averagedelay:% Y interval ——~(xiV)
=1

N is the total number of packet captured. Intergatime between the arrival of two
consecutive packets and it is extracted from thg flee of TShark. The average delay is
calculated by taking the average of all the intlneh captured packets.

8.3.4.2 Jitter calculation:

Jitter is calculated by following formula;

N-1
jitter= ﬁ > (nterval,,—interval ¥ ... (xv)
1

8.3.4.3 Packet loss calculation:
Packet loss is calculated by following formula;
Packet Loss= 100* (1-Pktreceived/Pktsent)--------------- (xvi)

The packet received is the number from the cliede and packet sent is the number from
the server side, we can calculate the packet lbeaah session based on the number of packet
captured in the both sides.

8.3.4.4 Predicted QoE

The data mining and estimation techniques are tspcedict QOE from available captured
data. For the current version of framework, Multiéar Regression (MLR) technique is used to
predict QoE based on multiple QoS factors. Formallg model for MLR, given n observation

IS presented as given in equation (xvii),
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QoE = }80 + }BlQosl + }BZQOSZ + ... }BonSp + & fori=1,2, ... Nmmmeeeeeee (xvii)

Where 380 is constant term, an@l to JBp are the coefficients relating the p explanatory (
QoS) variables to the variables of interest. Forenetails about MLR, one can refer to this
tutorial [157.

Based on available captured data, predicted QdEbwicalculated using multiple linear

regression method.
Y = AX
Y: the matrix of QOE rating from the client.

X: the matrix of parameters obtained such as AwerBeglay, Jitter, Packet Loss and

Transmission rate.
A: the matrix of co-efficient

By using regression algorithm, we have the inputrinX and Y. We have the matrix A as
an output. And after that, we multiply matrix X matrix A transposed, we will have the matrix
Y(matrix of predicted rating QOE). After performiranalysis function, QOE manager stores

parametric file to QoE database.
Following Figure 38 shows the record of QoE and @d&mation.

QoE Framework

Updated Personal Information ~ Video
| Tung 1828 Male MOMERN e omee 012012 b 1610886 7,300 7484 677526 10056.L Football 30 6403480 37333208 acceptable
Technology 18:33:51.0
k
Vivlo 1528 Male TUAUON g s o 2120027 daso0m s 14171764 82,6227 108352 News 30  040w480 5 4704401 bem
Technology 18:35:51.0
Information 2012-01-27 osenzes . "
desdo 18-28 Male France Office false 4.84948E-5 5.81653E4 52,1708 14267.0 Container 30 6403480 3 3.3919091 dont like
Technelogy 18:37:27.0
geo 18ogMale [OMMAON o ohee 20020L2T py ag0ins 1.37765E400 577706 News 30  360x240 3  2.8012006 nicerc
Technology 18:38:08.0
" Information 2012-01-27 ” s .
hiad 18-28 Male France Office false4.82097E-5 5,78234E4 52,1374 702853 Container 30 640x480 3 3.2230866 hored
Technology 10:46:50.0
feus 1aomale OO b ofee 2OM2OLET 6 aagE 5 7,50809E 4 101440 103455.0 Footbal 30  360x240 4 34321007 UE
Technology 20:04:30.0 interresant
Infermation 2012-01-27 o ) -
fertu 18-28 Male France Office false4.82274E-5 5.78447E4 21,0405 111158.0 Container 30 640x480 4 45229407  bad
Technology 20:23:26.0
7records.
‘ To Menu

Figure 38: Data Table
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8.3.5. Video Server

VLC is selected as video server and protocol usedsfreaming is UDP- RTSP with port
number 5554. Before conducting test, video stregra@rver should be operational.

8.3.6. QoE Database

With standard J2EE model, we create data tables fiee object created. And MySQL
server is used as a database for the framewoik.ctinnected to QoE manager through JDBC
(java database connector). There are four talllesSéssion table, QoS, Video and User table as
shown in Figure 39. The Session table stores thsi@m®s id and foreign key of other tables
QoS, Video and Users. The QoS table stores thenmafioon of all the network parameters. It
includes Transmission Rate, Delay, Jitter, Paadsd, [Packet received, Packet sent.

The Video table stores application level QoS patamsesuch as video name, frame rate,
resolution. All the videos are stored in a speciidder of the server. We store video's
information such as video name and video frame irathe database so that this information
will be shown to the client when they watch them.

The User table stores all the personal informa#éind the rating information of sessions.
After watching the video clip, client will be asked provide their information, rating and

comments. User information will be stored in théabtase for further analysis.

SESSIONS

*SESSION ID long
ol JPDATEL boolean

TKL

1

1

QoS VIDEO USERS
+Q0s_ID int +VIDEO ID int +USER ID int
STRANSMISSION RATE float | |[*NAME string | [enamE String
2DE_AY 'F-L.Oat oFRAME RATE 1int o AGE Strlng
SJITTER float SCOMMENTS  String
oPKTLOSS float o COUNTRY String
oPKTRECEI VEC Long oGENDER String
oPKT SENT Long o TKE boolean
2PLACE String
°PROFESSICN String
°RATE int
oRATE AT datetime
oRESOLUTION String
oPQOE float

Figure 39: Database structure
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8.3.7. QoE Admin Tool

It is web-based admin interface and it performs twain functions: view data records,

update data records by initiating batch procesasghown in Figure 40.

QoE Admin

Last updated time: Fri Feb 10 17:17:41 CET 2012

Operation

View data | Batch process |

Figure 40: QOE Admin Tool Screen Shot

Admin at any time can view the available data rdsofQoS and QoE status) of a VoD
service. Admin can get updated information of vasi@essions by initiating batch processing
(Admin Clicks Batch-processing button on his irked) and QoE manager performs batch
processing to analyze data and provide updatedd®cQoE manager also periodically checks
data records and if it finds any anomaly (e.g., Qatitngs are less than 3), it will report to
Admin for further investigations and actions.

3 sessions have low rating
SESSION 115 AT 2012-01-27 18:37:27.0 BY desdo RATES 3
SESSION 118 AT 2012-01-27 18:39:08.0 BY gieo RATES 3

SESSION 153 AT 2012-01-27 19:46:50.0 BY hiad RATES 3

Figure 41: Screen shot for Alert Report

Based on the idea of the framework that the le¥shtisfaction of client is very important
to the service (business), the server will upditihe rating information from client's session. If
there is any session in which the client giveslind rating, the server will display an alert
message on the administrator's screen as showigumeF41. Next we present an example of
policy rule for alert. We have made a simple poligle, however many different policies and
rules can be developed based on the requiremesetate and admin.
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Example: Policy for Reporting Alert

Reload Admin's screen with updated QoE ratings gvBrseconds

if (session is new ( not updated) && rating of séssis equal or less than 3) then
put session's information of rating, user's inforation into the alert message;
session is setupdated;

end if

8. 4. Procedure of QoM

Here, we produce sequence diagram to understandheiwamework operates to produce

QOE evaluation for multimedia services. We presergte actions as shown in Figure 42.

At the start of the session, user manually staritedNark at his side and then opens web
based client interface to watch video clips. Snitie server side will be triggered at the
time, when user chooses to run the VoD servicer sguest for video content will be
routed to VLC server through QoE Manager. VLC ss&meaming specific video content to
a client. At the end of video clip, user gives tang and uploads client side data log file.
Web-based client interface calculates number okgtaeceived, delay and Jitter and sends
them to QoE Manager. Upon the reception of cliede slata, QOE Manager analyzes log
data to compute packet loss, basic statistics ¢t (@éean etc) and predicted QoE (based
on Regression). Once data analysis process complét attribute file is stored in QoE

database. And updates on attribute could alsomtgs&dmin.

Admin can also view the records of available e@dadata and for this purpose, QoE
Manager is contacted, which gets attribute recdrdsn data base and sends them to
Admin.

QoE manager also periodically verifies the recofalsthis purpose, after every 5 seconds,
he gets updated records and based on some poleyitrtakes decision, for instance, if
QOE rating is equal to or less than 3, it generakexts for Admin to investigate the decline
of QoE.
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Admin Wants to

Manager Report Alerts to

Monitoring, Analysis and Reporting

View | ‘

Record

Admin

A A

. QoE
X oE Manager VLC Server Sniffer Tool
Client Admin a 9 DataBase
| 1 (Manual) Snir RunatCtientsige_ | | 1
2¥lded Tes | _ 3 Autorun Sniffer atfServer Side_ _ _ _ _ |
4.Stream Video to Client]
5.Streaming Video
6. Client Side QoS
Calculagon
7 Report Atiributk file
8.Evaluation of QpS, QoE
and Predicted |2oE
9_Store in Databasae
10.Report to Admin
1.View Record
2.Get Altribute Record
J.Attnbute Records
4 Updated Evaludtion
5. Send Atfribute Recogds
1.Get Periodic Check of QoE data Records
2 Atiribute Records
3 Palicy Check ((oE <3)
4. Send Alert msg

Figure 42: Sequence Diagram
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8.5. Conclusion

In this chapter, a new framework for the monitoriegaluation and management of
video streaming service based on quality of expegeis presented. The proposed QoE
framework for Multimedia services (named as QoMmieavork) captures network and
application layer QoS data, qualitative QOE datd goantitative user ratings and content
information. Using descriptive statistics and npl#ilinear regressions, QoE is evaluated. In
case of any decline in QOE, an alert message iseged to the administrator (Admin) for
further investigation. Our newly proposed QoM framek is being launched as an open-source
QOE evaluation tool for the industry and reseammmunity.

But it has also some limitations, for exampleseféx is used as a client interface, it is very
secure browser and it does not allow the script siscJava script to run and execute the client's
application or service. That's the reason the tligho want to use the service, s’/he must
activate the capturing service manually first, aftbr that the service will work well. This
dependency on manual switching sniffers ON is irtgrdrchallenge to address in next version
of the framework.

Furthermore, this QoM framework permits users téctvarideo and give their feedback in

textual format (comments). But in the current vamsiqualitative analysis is not yet included.

As this is work in-progress, in future, we intedimprove this framework by solving the
limitations mentioned. Extensive user tests wowdcbnducted to evaluate the performance of
the proposed QoM framework in a context of real\WEnax wireless networks.
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“Listening to customers must
become everyone's business. With
most competitors moving ever
faster, the race will go to those
who listen (and respond) most
intently.”

Tom Peters

Chapter 9. AQOM: Android based QoE

Framework for Smart Phones

Highlights
» Android based QoE framewOrk for Multimedia servi¢&QoM)

Architecture of AQoM

» Use case and evaluation

In-progress work

Confidential work: Patent with France Telecom (Final-stage of Acaegeh
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9. 1. Introduction

The use of smart phones has changed the lands€a@d,obecause it brings huge set of
applications within one touch of customer. Due tlvamced operating capabilities of smart
phones, multimedia applications are being develdpea big humbers and stored in Google
store and apple store. In mobile environment,dbwtext of user may continuously change,
which in turn influences user behavior. Furthermomaltimedia services have also stringent
QoS requirements. Given the changes in technical eontextual parameters, there is
possibility that user experience will also changeoadingly. In this situation, there is dire need
to understand user Quality of Experience demandsraquirements for mobile multimedia
application. For understanding QoE requirements ntlapping between user subjective ratings,
QoS and contextual parameters should be done.

We propose an innovative user-centric, context av&gmution for measuring QoE over
smart phones. The objective is to design a sinyder friendly and intelligent QoE framework
for Android based smart phones to analyze and ataluser experience requirements for
multimedia services and application vis-a-vis cahtd use, smart phone parameters, and QoS.
The solution aims to gather contextual informatfery. battery level, GPS data) from the user
device (e.g. Smartphone) and user scores for a giudtimedia service. These collected data
are analyzed to generate a QoE model to assesss#reperception regarding the studied
service. The framework is simple, user friendlyd atand alone intelligent QoE application
installed on smart phone which not only capture$ Qmntextual parameters and user ratings
but also analyzes and generates personalized Qolsréor a given user session. Furthermore,
QoOE is never a fixed value; it keeps updated oiree twith respect to change in QoS or

contextual parameters.

The novelty of our solution is the collection of acontextual and user ratings locally on
user smart phones and then analyzing and genegansgnalized QoE model locally on smart
phones. The data are analyzed as soon as usdreBnisteracting with the studied service or
after a consequent changes in the user percepadhwmbs up/down flags.
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9. 2. Background

In [15§, the authors proposed a QOE measurements metihaunart phones. The method
is based on the collection and the processing & Qata on the user terminal and reporting
QOE based on objective (QoS) assessment. Hencedihayot require any user feedback.
However our work is based on subjective assessautieime and it provides more reliable and

accurate user QoE results for each user in mohilénredia environment.

In [159, they produce QoE frame work for smart phones #mely use subjective
assessment technique for the measurement of QaEthair framework is based on client-
server model. Once, user data is collected; seidertakes control of all user data and it makes
analysis over it. Their user interface or cliemtesapplication is merely information exchanging
utility consuming resources for reporting data ®eaver side and it is not intelligent enough to

make any analysis over data and/or produce peiigeddDoE results for smart phone users.

Our proposed Android based QoE framework for mdtiia services (AQoM) is simple,
intelligent and self functioning QoE framework wioot only monitors contextual, QoS and
user ratings but it also makes QoE analysis anasides on its own at client side. It does not

require any third party servers for data analysiproduces run time QoE Evaluation.

9. 3. The architecture of AQOM

We propose a new way for measuring QoE parameterstlg from the user device. The
local management of QOE parameters avoids the floeegbloading them to a server to process
them and aggregate these parameters from multggles @as used by existing frameworks. Thus,
enabling the generation of a personalized QoE madel preserving user privacy by storing

and processing user information locally on his devi

Figure 43 depicts our architecture for measuringr ugiality of experience (QoE) for a
multimedia service. We consider VOD (Video on Dedjaexample of streaming videos from

YouTube over a 3G/WiFi connection.

Part 3 Chapter 9 Page 180 Confidential work “Patent work in progress”




P PPN s ) Vau
Armdraid lhacad 1 DTCD A 111LENNieL J RINP RA ki nAlia  corm
Ui VivTwaoTu =i I'd ) W ivividiliicuia wiiing
: . D -— N 4
aevice L <= » Crvisican DemvsiiAdA e
‘_ :' -~ y! > 4 SOl VIO T TVl
T

Figure43: QoE measurement architecture for multimediaisesv

Our clientserver archiecture is composed of éAndroid applicatbn running on the use
Smartphone for measuriniser QoE; YouTube server from which tfideos will be streame
over a 3G connection vithe RTP (Real Time Streamg Protocd) protocol. Figure 4
presents main componel of the Android applicatbon responsible or QoE measuremer

interaction with the endse’ and with the remote multimedia servicevider (MSP).

QoE model
Qo5 A Data Processing ‘ : :
' | A cache e ; Multimedia
Context . Lccllectmn - Updating ]
T T coni = Service
QoEfuser & ]
feedback Provider

..Predicted CoE

Figure 44 Architecture of the Androidpplication for QOE measurien

The Manager (MC) isthe main compoint responsible for intecting with the outsid

world (user and service prider) and managing rest of the system conents

The Data collection cnponent (DCC) is responsible of acquiriQoS (e.g. jitter, packi
loss) and user context (e GPS data)elated information. The collted data from the us
device belongingo the follcwing categories

* Ratings of the differemquestions we asked the uto answer afteriewing a vide:
» Information about CPlusage (e.g. rcentage consumed by cappication’
» Information about meiwry usage (e.g. amount of mory needed I’ our applicatior

* Video parameters likeming of watching video oa time when a ser encounters an eri
during the process of atching videc
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* QoS parameters like delay and jitter

» Location information like the name of the locatjmmovider, altitude, longitude, etc.

* Phone related information like software versiortwek type (e.g. UMTS, GPRYS)

» Battery related information like level, health (eggod), and status (e.g. charging).

The cache component (CC) is responsible of cacta@ngorary a set of collected data (QoS,
context and QoE) and the generated QoE model.

The Processing/Updating component (PUC) works im tmwodes: learning and automation
modes. In the learning mode, this component usegparvised learning algorithm (for instance
a linear regression) to generate a personalized @oBel and stores it into the cache
component. The generated model is updated contatyievith the cached data and each time

the cached data is consumed, the cache is emptied.

In the automation mode, the component is respansdsl predicting QoE parameters (e.g.
did the user like the video content?), with the osthe cached QoE model. The framework can
be part of a multimedia service as a specializedpoment of evaluating the experience of user
regarding the usage of the service. In this caseligted QOE values can be for instance sent to

the multimedia service provider in order to persiaeadhe recommended videos.

9.3.1. Implementation details

The different components in Figure 46 are implemérdas Android threadAsyncTask
except the cache that is implemented as an An@oittentProviderable to store data locally
into the AndroidSQLite database. The application has two Android ac#sitithe first one
displays a list of videos; the second one dispthgschosen video. We used YouTube API to

stream videos from the multimedia service provider.

When the application is started, list of videod tten be viewed are displayed. The user can
choose one video to view. While he/she is watchirggvideo, QOE can be reported with the
help of thumbs up/down buttons. At the end of tideo, user can report QoE by answering
questions.
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Figure45: Screenshots from the QoE measurement applicatio
Figure 45depicts a seenshot from an implementation of theE measurement fran
work. The GUI (graphical ser interface) showed in ‘a’ displays a lis videos. The one in 'k
is composed of a top arewhere the deo is displayed. In the mick, the user can use t
thumbs up/down buttons txpress his current perception of the disgd video. At the botton

there is a button for submng user answers of the asked quest

9. 4. Learning and Processin

Our learningalgorithm implemented by the processing/updatiromponent, is based
multivariate linear regressn where input parameters are QoS and extual information an

QOE is the output or targeariable

For each learning phe, size of the training ser number of saiples is ‘m’ size of th
cache. The hypothesis (h)presents the model to be learned for pretg future values of Qo
for a giving sample (Yedicte = h(X)). Mathematicallyh is defined in guatior (xviii), wheren

is the number of input paneters g; are the parameters to be learned.
h(X) = OoXo + 01Xy + O2X2 + ... + OpXn,============mmmmmmmmmmmemeee (xviii)

The learning algorithntries to predict the best values of the hyjesis parameters (veci

of 6 values)minimizing the difference between the outputted QoE viand real value pregicted
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— Vrea).- Equation (xix) defines mathematically the castdtion J’ which is based on a model
(vector of @ values) to output the cost of this model by the mation of squared distances

between predicted valuég (x) and real valueg for all samples (rows) of the dataset.
1 N i iy2
1©) = ﬁzlme(x) -

To predict best values @f parameters, Batch Gradient Descent (BGD)( is also used
for available set of data, but in our case, all dag is not available at a single time but it is
gathered continuously and progressively over tme.ti We need to modify BGD to suit this
need. The proposed algorithm called M-BGD (Modifigatch Gradient Descent) is an iterative
optimization algorithm that operates on a dataestanto the cache when ‘m’ (cache size)
samples become available, i.e. when cache becaithes f

The captured data have different format, it is 8eagy to normalize it and for this purpose,
equation (xx) is used.

P — mean(P) (xx)
max (P) — min (P)

Normalized P =

Where P represents input parameters and this niaatiah aims to project data into the [-
1, 1] interval in order to avoid parameters scalpigblem that may influence the resulting
model.

Second, M-BGD update® values continuously until convergence or stagnaéiba local
minimum given the following algorithm:

Initialize 6 parameters (e.g. to 0);
Repeat until convergence; := 0; — a * %](e) j=1, n
J
By replacing J derivative with its value, the |egip becomes:
Repeat {

8 1= 6~ ax x I (h(X) ~ ¥) + X]
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X' is a vector representing tHesample/input features' i the QoE value corresponding to
the i row of the training set, ang represents the learned parameters correspondithg 3
feature/column. The later are initialized the fiiste to zero. Then, after each training phése,

are stored to be reused the next phase as irtii@iizvalues.

The cost function ‘J’ is a convex function; it ithen a unique minimum which is the global
minimum at whichf values are best values that gives the minimahdcst between predicted
and real output values. Convergence to best vakigsiaranteed but gradient descent is an
iterative algorithm and it is known to be too slaw the all data sets are used at each iteration
many times, hencea® parameters needed to be well chosen to speedhepalgorithm
convergence.

9.5. Evaluation

We implemented the original Batch Gradient Desd®&&D) algorithm and our variant
Modified BGD (M-BGD) algorithm to compare their p@mance in term of evolution of the
outputted cost function value (equation xix) aféach algorithm step. Figure 46 depicts the
graphs related to cost function calculated for esgbrithm. To generate these graphs we used
some data collected from a previous QoE stddy ¢f a multimedia service (video streaming).
The data is composed of output parameters (QoEesaiven by users) and input parameters:

» Video category: ‘0’ for fast videos (e.g. footbalhtch), and ‘1’ for slow videos (a ship

moving in the large sea).

* QoS parameters: packet loss, packet reorder, \iieate.

In case of BGD, cost function is calculated for ti@ole dataset each time and this is why
its graph is smooth (it can be represented witheat function) and the cost value is decreasing
in a steady way. At the other hand, the cost foncof M-BDG is calculated only for the
available data in the Cache component which malesast value oscillate continuously as the
model may fit the current data while not perfeditythe next set. The BGD need more data to

output a low cost value, while M-BGD is able tomuttan acceptable cost (less than 1).
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Figure 46: Cost function graphs of two methods

9.6. Use Case

Figure 47 illustrates the sequence diagram. Whenutler reports its QoE, the Manager
sends this value to the data collection comporieebllects user ratings, the current QoS and
user context information, and stores them intoctiehe. When the stored examples in the cache
reach a certain value (configurable parameter)ptbeessing-updating component is notified to

consume them and to generate an updated versissenfQoE model.

When the multimedia service provider requests a Qalde for the currently streamed
video, the manager component sends back the ugerted QoE (if there is) or a predicted

value generated by the processing-updating componen
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Figure 47: Sequence diagram for QOE management

9.7. Conclusion

In this chapter, Android basedQoE Framework forMultimedia services (AQoM) wa
presented toevaluate muimedia streaming servic on snart phmes. Propose(AQoM
frameworkis client appliceion and ithandles “monitor, analyze and cide” functions on uyr
data on smart phone anddoes not require any other server sidedata evaluatic, hence it
provides a privacy contrl to user data. It has learning and dating process, whic
continuously refines QoE.

Qo0S, context and usrating data are collect from the user evice for a better us:
perception asessment lodly at client sideUser has freedom to ve his feedback abo
offered qualiy at any timethrough thumbs up arthumbs down icorand/or user rating. It |
possible that the user behor with respect to a particular sergim anysituation could chang:
hence giving rise to chan in his/her QoE requirements. Thus ourposed QoE framewol
produces personalized Qcequirements of a user in any situat

This work is inprogressand extasive user studies will be cducted to evaluate tl

performance of AQoM, ore AQoM framework is read
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“Toute bonne chose a une fin”

de Proverbe québécois

Chapter 10. cConclusion of Thesis

10. 1. Summary of Conclusion

This thesis was an attempt to explore the intergdtut complex concepts of QoE for
multimedia services in communication ecosystemrésearch this topic, it was broken down
into three main sub-goals or challenges such asn@gerstand big pictures of QoE keeping in
view the influences of different factors belongitg technology, context and business (ii)
analyze and evaluate the interactions and reldtipasbetween QoE and other influencing
factors (QoS, content, and context) (iii) develagpne QoE tools or frameworks based on

previous findings.

To address, first challenge, a holistic QOE modgdroposed in chapter 4 and in paper
[9] [8] for multimedia services in communication ecosystélhe proposed model brought
together human, technological, contextual and lmssirdomains as well as their cross-domain
interactions to get holistic view on QoEhe model was not meant to be proscriptive, but to
provide taxonomy of the relevant variables andrtimeractions in order to help practitioners to
broaden their horizon about QoOE. The model Ingtdaon was depended heavily on the
context in which it is applied: specific variablsuld be more important and lend themselves
more easily to measurement. Our goal was to prowidgyh-level model that can be adapted to
many specific contexts and to encourage futureareBewhich examines these cross-domain

relationships.
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The second important challenge was to identifylect] and evaluate QoE factors which
were affected by different influencing factors. Bluére was a daunting problem to resolve i.e.,
human perceptions and feelings are very subjeencerandom in nature, how to capture and
quantify human subjectivity? The one common sotuti@s to conduct user studies and surveys
to know customer opinions and feelings and theeviluate data using some quantitative and
qualitative techniques.

In second part of thesis, this challenge was tackig producing the results of user
studies, which were gathered by conducting sunay user studies using video streaming
service, VolP, PSTN and audio teleconferencingisernihey were focused on understanding
the impact of various influencing factors (e.g.,3Qoontent and context parameters) on QoE. In
the Chapter 5, a user study was presented tohmlcombined effect of application layer QoS
parameters (e.g., video bit rate), and networkrl&}eS parameters (packet loss, delay, packet
re-order) over user perceived quality for vide@atning service. QoE was moderated based on
different types of content (i.e., slow moving con& clip and fast moving football match clip).
The data was then evaluated based on quantit&olaigue; such as Rough Set Theory, and
qualitative technique; such as (CCA). To the béshy knowledge, this work is first of its kind
in which video QoE has been reported based on dpathitative and quantitative techniques. It
is learnt that not all QoS parameters pose sintehal of degradation in user perceived quality
and moreover, different contents have also diffe@oS support requirements. As this study
was done in a controlled environment (lab setupyas then decided to conduct a real customer

survey to get ecologically valid results.

Chapter 6 of this thesis is based on real custamery data for telephony service (PSTN and
VoIP) from leading French Telecom operator, in tlisapter, three main aspects were
evaluated, and those are:

1. The frequency of technical faults and their impager perceived availability and
perceived call quality

2. The evaluation of customer preferences and theidemagion based on end-user
handheld device

3. The evaluation of customer satisfaction, with respe customer age group.
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From customer survey, it was learnt that differtits (QoS and environmental issues)
were treated differently by customers. Backgrouniser was found to be bit annoying for
PSTN customers, while for VolP customers, call diogpckground noise, incoming signaling
fault, post dialing fault, and pre-dialing faultsese found to be in the slightly annoying
category.

For customer preference metric, it was learnt ®#&TN customers possessing wired and
wireless telephony were less worried about powedagmi or voice degradation issues as
compared to VolP customers.

For overall customer satisfaction, Chi-Square hlypsis was done and the results suggested
that the customers of age group less than 40 havkasslevels of satisfactions towards VolP
and PSTN services while customers of age groupe mhan 40 feel more satisfied with PSTN
than VolIP. It means, despite PSTN's better callugetperformance and call quality, young
customers are also satisfied with quality and ses/pbffered by VolIP.

Previous two studies were more focused on the imph€oS and technical issues over
subjective QOE factors. As it was proposed in tbkstic model that contextual aspects could
also influence QoE, in chapter 7, of this thesisE€Context relationship was evaluated using

3D audio teleconferencing service. Following impattaspects were targeted;

1. The impact of virtual context characteristics (at room size, number of virtual
concurrent talkers) on QoE

2. Objective QOE (Localization Performance: LP) rafatéo human cognitive
performance and its comparison with subjective @edfor (Localization Easiness:
LE).

3. Analysis of gender difference in 3D Audio telecaefecing virtual environment

According to results, the characteristics of vilteavironment could affect user QoE. By
changing the size of the virtual room and the vdigee of concurrent talks, variation in both
subjective and objective QoE factors was obsenfdther, user study data suggest that
medium size virtual teleconferencing room and mixette type talkers’ (one male and other

female talker) provide optimal quality of experienim 3D telephony based virtual acoustic
environment.
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LP values tend to increase for small virtual tetdecencing room, on the contrary, LE
MOS scores tend to decrease for small virtual telessrencing room, and vice versa for big
room. But both LP value and LE scores are founbdetdhe highest in medium size room (15
m3). The possible reason for this match betwegectiise and subjective QoE results is the fact
that as the echoes and reverberation are moretstcein larger rooms, it feels easy to locate
talkers. It is reported in literaturel4Q that reverberation in acoustic environments is
considered as a reliable cue in identifying soudtstance but it also modestly degrades
directional perceptionl44 and speech intelligibility]45. Furthermore, it was also learnt that
male and female participants have slightly difféereends between performance rates (LP) and
LE-MOS scores in small-sized (10 m?) and big-sigZ2@ m3) room, however their perception
and performance capabilities converge to simikands in middle size room. It was also found
that male and female participants’ have slightlffedent QoE requirement in virtual

environment.

During this user study phase, it was learnt thatelwas a dearth of QOE measurement and
evaluation tools, and the available tools were tgoficusing on QoS based objective
techniques. Keeping in view the dire need of siatdbols for capturing human subjectivity
(QoE) to evaluate user requirements at run timenfaltimedia service, two tools QoM and
AQoM were developed as presented in part 3 (Ch&péed 9) of this thesis.

QoM framework is client-server based model tool dapturing network traffic and user
feedback (both qualitative and quantitative) toleate QOE for video streaming service. QoM
framework was an attempt to provide a QOE evalnatiool to industry and research
community. It is still at in its infancy stage batter launching it as an open-source tool to

research community in near future, it is expeched it will get mature quickly.

AQoM framework was intended to evaluate mobile gidervices on Android based smart
phones. It is client only QoE application whichleots user feedback, QoS and context data
and does the analysis over it on run time. AQoMraias in two modes; in the learning and
automation modeAQoM Frameworkis in-progress work in collaboration with Frenchicb8

operator.

° Orange France Telecom
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Finally, it can be stated that despite the fact @@E evaluation of multimedia services was
very difficult due to enormous number of influergifactors, complex assessment and
evaluation methods; the achieved results are velgtencouraging. This thesis presents a road
map for further investigation in each of these e¢hparts in order to get in-depth view on QoE

for multimedia services in communication ecosystem.

10. 2. Future work direction

Multimedia framework development process is worpiingress; the next stage will be to
complete this process and then using these toatgrm user study over Wimax 4G network to
evaluate the performance of QoM framework. In Qodfrfework, the following functionalities

may be introduced in its next version.

» Automatic Sniffer running at both sides (client a=aver)
* Qualitative analysis
For Android based framework (AQoM), following furantalities can be incorporated in its

next version.

» Complete development process of first version

* Include more QoS parameters

» Better learning algorithm and possible use of R&@Tahalysis

In addition to these tool development tasks, culyeri am conducting collaborative
research on following aspects,

* QOE for Passive Optical Network (PON) in collabomatwith Korea Advanced Institute
of Science and Technology (KAIST) and this workuses on the impact of energy
saving mechanisms on QoE.

* QoE for web traffic in collaboration with Blekingmstitute of Technology (BTH)
Sweden

Finally, | have advocated the use of objective pggical factors but | could not
incorporate them in my current work. | am tryingestablish collaboration with INRS Montreal

Canada for some joint work on the application ofgalogical and cognitive tools for QoE.
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Appendix

Al. Test Questionnaires

QoE Study on VoD (Chapter 5)

Pls do not forget to fill this.

Name: (Optional):

Age:

Gender: Male or Female

Nationality:

Level of Education or Profession:

Experiment 1. How do you perceive Video Quality? Pls encircle below.

1 : 2 : 3 : 4 : 5

Worse Excellent

> <
~

Experiment 1: Pls give your opinion about current video experience. (In English or

French)
Experiement 1: Do you like video content? Encircle

Yes or No
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Customer Survey for evaluation of PSTN and VoIP Services (Chapter 6)

Q1 Par rapport au fonctionnement de votre téléphone par internet /
ligne fixe, vous diriez que vous étes:

Tres satisfait
Satisfait

Normal

Peu satisfait

Pas du tout satisfait

00000

Q2a Je ne peux pas appeler : apres avoir composé le bon numéro, j'ai un message
m'informant que celui-ci n'est pas joignable

Q2b Je ne peux pas appeler : j'ai une tonalité d'occupation
immédiatement ou je n'ai pas du tout de tonalité

Q2c Je ne peux pas recevoir d'appels: le téléphone ne sonne pas/ l'appelant est dirigé
vers la messagerie ou a un message (film audio)

Q2d Le téléphone sonne, je n'entends pas mon interlocuteur apres avoir
décroché (tonalité d'occupation ou vide)

Souvent ()
Parfois o
Jamais (=)

Q3 Phénomenes rencontrés pendant votre communication au cours des 12 derniers

mois

Q3A - L'appel se coupe en cours de communication

Q3B - Mon interlocuteur ne m'entend pas

Q3C - Je n'entends pas mon interlocuteur

Q3D - Bruits de fond (grésillements, interférences...)

Q3E - Voix affaiblie

Q3F - Voix déformée

Q3G - Blancs pendant la communication /micro-coupures /voix hachée

Q3H - Je m'entends parler (écho)

Q3I - Bip pendant la communication

Q3] - Son décalé (chez moi ou mon interlocuteur)

Q3K - Autres

Souvent
Parfois
Jamais

000
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Q4. Concernant vos attentes sur I'évolution du service de téléphonie, quel est pour vous le critére prioritaire
parmi les critéres que je vais vous citer ?

Pouvoir appeler et recevoir des appels en cas de panne d'alimentation
en électricité

Pouvoir mener une communication sans dysfonctionnements

Avoir une qualité sonore de type HD (haute définition)

Aucun autre critére prioritaire

NSP

0000 0
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uestionnaire for QoE over 3D Audio Teleconferencing (Chapter 7

Desoription;
Thls-tnu cond ains two different male speakers
locations of 1he speakers & dhowe in this 1IPur- an 1k hei.

relerenoe sample r
“Heference Sanple T was recorded at position 1 oo the mep.

Yo are 1IHInqat1hr mosition marked by the weed “Listener

Hacing the center of the Bable,

ningrbe nmn b pelapesd s bu 3 Bl Ly sosmeen Bloe gperal bans
Proceed to ample by pressingthe butbon “Hest
Thi voloes nIII n.pnl: ke Palbewing sl peie:

@ biahe 1 “Thee birch canesss o lid on thee o mesth planks.
Gluw the sheet to the dark blue background.
s easy to tell the depih of 8 well,
Fevui aatn of sleady werk Taomdus,
& Hale  "Rice i often sereed is round bowis.
Theie yoiiney Kid ju-n?_td thee rusty gate
Gaseus 1w resulls from the fired seores.
& 5t plckie bastes Hne with ham,©

| Play refereno sanple | | [ eey reference cample 2 | [ play reference samphe 3| [ Play seference canple 3 |

| Play sampin 1.1 [Ftimps lnft) |
1. Plnase locate Ehe ciffererd sppakems according bo the map shown abown.

Male 1 Mk ¥

2. M -n-m- could you Incate the taler?

Hale 1

A Pirase psdge the saatial guakty of the volors. Spatisl quality indudes 15 position, the sidth and distanoe of tke balkrrs and the feeling of presence.

P ¥

Male 1

4. Pimase jusdge the cerall quality of the soices. Overall quality also indudes spatial quality.

Ml 1 Mk F
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