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The aim of the Cloud Based Ambient Assisted Living (CBAAL) refers thus to the study and devel-

opment of intelligent systems to support independent living of senior citizens, compensating for pre-

vailing age-related physical and cognitive impairments, offering a secure conditions in daily environ-

ment preferred by user. This is done by creating a caring home environment, meaning an environment 

that “senses” intuitively the wishes and needs of the person that lives in this house, providing unob-

trusive daily support, notifying formal and informal caregivers when necessary and serving as a 

bridge to supportive services in areas such as risk management and home safety, eHealth and lifestyle 

management as well as activities of daily living. The CBAAL is a bridge between information technol-

ogies and senior citizens social environment. Quality of Experience (QoE) Management poses a 

challenging task, aimed at meeting specific senior citizens user expectations and requirements 

regarding reliable and cost-effective communication, access to specified services and applications, 

anytime and anywhere. This paper proposes a taxonomy and models for the evaluation of the QoE 

Management for CBAAL services and applications. The article presents results of performance studies 

undertaken via eWall project.  
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I. Introduction 

Ambient Assisted Living (AAL) is an emerging 

technology focused on providing of middleware of 

different types of sensors, computers, mobile devices, 

wireless networks and software applications for per-

sonal healthcare monitoring and tele-health systems 

[1]. 

From a physical perspective, the overall system to-

pology of a Cloud Based Ambient Assisted Living 

(CBAAL) system is consisting of different elements, 

starting from portable or home sensors, over mobile or 

embedded systems with fairly low computational 

power, up to powerful computational machines and 

cloud services. The major challenge for the engineer-

ing of an AAL system is to consider how this diversity 

of elements can be integrated in a seamless way to 

render the assistance services in a coherent way [2]. 

The eWALL CBAAL system (Figure 1) involves 

an ecosystem of sensing devices, computing resources 

and display devices. The interaction within the ele-
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ments of that ecosystem is enabled by the central 

component of the system, eWALL Platform with core 

running in cloud environment and which aggregates 

data coming from sensors, analyses them, transforms 

them into specific formats suitable for the user who 

needs them and infers new higher level of knowledge 

by applying advanced reasoning on data. The objec-

tive of the ecosystem is providing added value ser-

vices to the end users [3]. 

Quality of Experience (QoE) is an emerging term 

that indicates that what ultimately matters in multime-

dia applications is the user’s perception of the applica-

tion. This is a different approach than the previously 

well-established Quality of Service (QoS) which fo-

cused on functional and technical requirements of the 

system. This shift in evaluation paradigms gave the 

user more abstract power from just a user to an evalu-

ator as well. That is why users’ opinions and feedback 

are even more important just as important as a design 

guideline or marketing strategies are to commercial 

companies. 

The QoE describes user perception and satisfaction 

influenced by the performance of individual service 

components which finally result in the acceptability of 

the service [4]. 

A more holistic conceptualization of QoE was pro-

posed by [5] with the following definition: "Quality of 

Experience (QoE) is the degree of delight or annoy-

ance of the user of an application or service. It results 

from the fulfilment of his/ her expectations with re-

spect to the utility and/or enjoyment of the application 

or service in the light of the user’s personality and 

current state." Regarding this definition QoE is an 

emotional state and evaluation of QoE must take into 

account emotions of the end user.  This definition 

points explicitly to the possible influence of human-

related factors, as well as of specific system and con-

text-related factors.  

II. Predicting QoE from QoS 

Since both QoS and QoE are requested to provide 

a CBAAL service to the users, they should be seam-

less. QoE can be practically estimated by measuring 

QoS parameters (loss ratio, delay, jitter etc.). Howev-

er, it is, also true that in real situation the modeling 

QoE is difficult because it is subjectively evaluated 

and affected by several factors. Under these circum-

stances, it is important to bridge the QoS and QoE 

architectures.  

The literature presents several patterns of relating 

QoE parameters with QoS. Each pattern has its ad-

vantages and disadvantages. 

Some research efforts have tried to derive particu-

lar mathematical relations between the QoS and QoE 

metrics. For instance, [6] provide a logarithmic link 

between the QoS parameter and user’s perception. 

This can also be observed between QoS elements and 

the QoE on the user side, in a given CBAAL system. 

A QoS-QoE correlation model is given by [7]. The 

authors suggest that QoE is a function of QoS parame-

ters such as delay, jitter, loss rate, error rate, Band-

width and Signal success rate. In any particular case, 

QoE would be considered as the effect on the user 

perception that gives certain QoS parameters values. 

In [8] empirical studies the effect of QoS deteriora-

tion on QoE by the path analysis method, using a 

high-precision path diagram. 

The QoS and QoE requirements follow traffic pat-

terns and applications specific features are investigat-

ed in [9]. The conclusion of the authors is that QoS is 

more related to the traffic flows, the performance of 

the system and the resource configuration while QoE 

is more related to the perception of the service by the 

AAL system user.  

Another idea is to map the many-to-one relation-

ship between QoS metrics and QoE using a radar chart 

[10]. The QoE function will be composed of an almost 

  
Fig.1. Cloud Based AAL architecture. 
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infinite number of QoS metrics. As a proof of the 

concept the authors measured QoE using a standard to 

measure speech quality in telephony with different 

QoS conditions 

Although the previous references provide different 

descriptions of the relationship between QoS and 

QoE, they almost unanimously acknowledge that there 

is a relationship between QoS and QoE. This relation-

ship is an important one since it will determine how to 

define QoE and improve it by also maintaining high 

QoS values. Calculating, estimating, or predicting the 

QoE from the QoS is very convenient for the develop-

ers or evaluators of the CBAAL services and applica-

tion but it deviates from the uniqueness of the QoE 

construct, which should not be based solely on QoS. 

This might defeat the purpose of having a separate 

construct. The acknowledgement is that QoS should 

be a part of QoE, as it affects the experience of the 

user. However, it should be one aspect of that con-

struct among other.  

 

III. QoE Taxonomy  

To create the initial QoE model we will separate 

the parameters into two groups: ones that can be 

measured directly from the application such as loss 

ratio, delay jitter, and the other group that has to be 

deduced by user behavior. The idea is that in such a 

model the taxonomy should stem from the core defini-

tion of QoE. Hence, we define two parts for the top 

organization: QoS and User Experience parameters. 

The User Experience is composed of four parts: Per-

ception Measures, Rendering Quality and Physiologi-

cal Measures. This higher level organization, shown in 

Figure 2, reflects an apparent taxonomy for CBAAL 

services and applications evaluation and at the same 

time it is more customizable depending on the param-

eters needed for evaluation.  

 As depicted in Figure3, perception measures mod-

el mirror how the user perceives the CBAAL services 

and applications. This is a user-centric category, and 

could be unique for every user. Some users may get 

tired from the application, while others may feel re-

laxed. Some might feel the effect of collaboration 

while others might need more stimuli. Each user may 

have a certain set of preferences and modality choice. 

 

 
Fig.3. Perception measures model. 

The rendering quality relates to the quality of the 

graphics and audio. Each modality is considered sepa-

rately first and eventually blended and mixed modali-

ties are considered. The rendering quality category 

highlights how the users experience those different 

modalities and their interaction. 

The user state parameters can be divided into two 

complimentary sets. The first of these sets indicates 

the state of the user through biological means. Physio-

logical measures are biological parameters measured 

directly by the users' bodies while they are using the 

application. These parameters indicate relevant factors 

such as anxiety, stress, and brain activity (Figure 4). 

 

 
Fig.4. Physiological measures model. 

There is a continuing research effort in psycho-

physiology that tends to evaluate elements of the user 

experience by subjective and objective measures. The 

research focuses on the users’ emotions during the 

interaction with an environment such as playing a 

cognitive game. The subjective measures would be the 

user emotions assessed via questionnaires while the 

objective measures are the corresponding physiologi-

cal measurements of the user. 

 
Fig.2. Overall QoE Model. 

“Е+Е”, 3-4/2017 3



 

IV. Implementation 

In the eWall project we have created a service 

brick, which makes the QoE rating of CBAAL appli-

cation using facial analysis. The service brick receives 

heterogeneous data including facial expressions and 

social network posts made by the primary user in the 

form of text. The mood estimation is carried out by 

different algorithms each one for the different kind of 

data. The output of the algorithms is in the form of 

Valance-Arousal (V-A). Block diagram of the module 

is presented on Figure 5. 

 
Fig.5. Mood estimation module. 

Both algorithms are running asynchronously since 

the input data is independent but storage of the esti-

mated mood is done by serialization to avoid over-

writing. The Valence-Arousal model is highly recog-

nized in research communities since it can allow easy 

interpretation of mood as a two dimensional diagram. 

This is also the reason of selecting it as a model for 

mood representation in eWALL. The model shows 

that a good range of emotions and emotional states 

can be estimated using only two numbers. The service 

brick is delivering only these two numbers and sec-

ondary intelligence module use them to estimate the 

grade of QoE for particular application. 

The other algorithm “Text to Mood” is based on 

mapping words to positive or negative mood. The 

algorithm is only capturing the Valence component of 

the V-A model. This data set consists of English 

words each one with corresponding positive or nega-

tive score. A pre-processing is applied on the data, 

where intersection on it with most common words in 

English is done. The algorithm is implemented in 

JAVA. 

V. Conclusion 

In this article a taxonomy and models for the eval-

uation of the QoE for Cloud Based Ambient Assisted 

Living services and applications was proposed. An 

implementation of mood estimation module for QoE 

rating within Cloud Based Ambient Assisted Living 

eWall Project was described.  
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