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Cost Oriented Adaptive Multimedia Delivery
Andreea Molnar, Cristina Hava Muntean

Abstract—Mobile Internet and mobile services which make use
of mobile data are increasingly popular. However, the cost of
content delivery, in particular multimedia type content over
cellular networks is a still high and poses challenge for some of
the users who are not necessarily willing or cannot afford to pay
too much for it. The problem is further on aggravated when
video content is used, as this type of content is heavier and can
lead to higher bills. In this context, this paper presents a novel
Cost Oriented adaptive MultimEdia DeliverY (COMEDY)
mechanism that considers the user willingness to pay for a
certain video quality and user’s mobile device characteristics in
order to deliver adaptive multimedia content over wireless
connection. The aim of the mechanism is to reduce the cost of
multimedia delivery for users that are not willing to pay that
much. The mechanism has been evaluated both through objective
and subjective studies. The evaluation shows that the proposed
mechanism provides a reduction in the price paid for accessing
multimedia content, and the user’s perceived quality is not
negatively affected.
Index Terms—Adaptive multimedia, cost of multimedia
delivery, mobile devices, mobile data billing plans.

I. INTRODUCTION

M

MOBILE phone usage is increasing both in the
developing and the developed world [1], and mobile
network coverage is supposed to be ubiquitous by 2015 [2].
This has contributed to the expansion of mobile-based
services. However, when mobile users access the Internet over
cellular networks one problem they face is the high cost of
data transmission [3, 4]. Moreover, mobile network operators
that previously offered flat rate plans are backing up, and
capping their mobile data billing plans [5-7].
Capped billing plans offer to the users a limited amount of
data, as opposed to unlimited billing plans. The consequences
of exceeding data consumption vary from paying more for the
exceeding data, paying for a new bundle, or having the
bandwidth limited. These types of billing plans are commonly
used for mobile Internet access, and sometimes for home
Internet connections [8].
Despite their popularity, few research studies have covered
mobile data billing plans from the mobile Internet users’
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perspective. Research has been focused mostly on these billing
plans as means of managing network congestion and the
technical aspects involved [8].
However, this pricing model is likely to continue to persist
as: Internet Service Providers (ISPs) argue that as it provides a
consistent service [9] the mobile data traffic increases
dramatically [10, 11] and not even the deployment of high
speed networks such as Long Term Evolution (LTE) will
make uncapped plans sustainable [11].
Among the studies that have focused on how mobile data
billing plans affect Internet usage one can count [8, 12-16]. [8,
12-14] addressed the effects that different billing plans have
on the mobile user’s behaviour. All these studies report that
the mobile user changes its behaviour according to the Internet
billing plan used. Moreover, most of them report difficulties
from the user perspective to estimate how much they
consumed [8, 12, 14].
[15] explores how the cost of delivery influences people’s
choices when they have to consider a trade-off between
multimedia quality and cost, when mobile data is capped. The
study shows that people are willing to accept a lower
multimedia quality when they are aware that they have to pay
more for a high quality. However, some participants were
willing to pay for the quality even when the price is quite high.
[16] shows that the difference in the attitude of people when
choosing a certain multimedia quality over the price to be paid
can be explained by people’s attitude towards risk. A method
that classifies people either in willing to pay for the
multimedia quality (risk averse) or not (risk seekers) based on
their age, gender and attitude towards risk was also proposed
[16].
However, to the best of our knowledge, there is a lack of
studies proposing solutions for the people who are not willing
to pay that much for data transmission. This problem is further
on aggravated when multimedia content is used, as it has a
bigger size compared to the other types of content (e.g. text),
which could lead to an increase in delivery cost. In this
context, there is a need for a mechanism that addresses the
needs of mobile users who cannot afford, or are not willing to
pay high cost when multimedia content is involved. Our
research addresses this problem by proposing a Cost Oriented
Adaptive MultimEdia DeliverY (COMEDY) mechanism that
aims to reduce the cost of multimedia content delivery for the
users who are not willing to pay that much. Multimedia is
understood in the context of this paper as video in
combination with audio and possibly text. A user classification
method, presented in [16], is used to design the user centric
cost oriented multimedia delivery mechanism that provides a
slightly reduced multimedia quality for the people who are not
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willing to pay high cost for the multimedia content.
The rest of this paper is organised as follows: Section II
presents related work on adaptive multimedia and methods
used to assess multimedia quality. Section III introduces the
existing methods used for evaluating the multimedia quality.
Section IV presents the proposed adaptive multimedia
mechanism. Section V discusses the study methodology and
set up. Section VI presents the results of the objective
multimedia quality assessment, using two well-known metrics
PSNR and SSIM; the savings obtained in terms of monetary
cost, and the subjective assessment of the multimedia quality.
Section VII presents discussions while Section VIII the
conclusions.
II. ADAPTIVE MULTIMEDIA FOR MOBILE DEVICES
Multimedia adaptation here refers to changing multimedia
parameters, such as bit rate, frame rate, resolution and/or
colour depth. The adaptation of the multimedia content has
been performed for different purposes, such as adapting the
content to the mobile device characteristics [17], optimising
the delivery bandwidth [18] or increasing the battery life [19].
Mobile Cinema [17] is an application that adapts highresolution multimedia content for mobile devices by
considering the screen resolution, the bit rate or the colour
depth of the mobile device when performing the adaptation.
The disadvantage of the proposed adaptation is that the
adaptation process might lead to losses in the semantic
information when the video is cropped [17].
Quality-Oriented Adaptive Scheme (QOAS) [79] adapts the
multimedia content by using Moving Picture Quality Motion
(MPQM) to estimate user perceived quality [18]. The
proposed mechanism is compared with other non-adaptive
solutions and shows that by using it a, higher number of
simultaneous clients can connect to a Wi-Fi network.
[19] proposes a system that adapts the multimedia clips
based on their importance with the aim of improving the
battery lifetime. They have shown positive results when
testing the system through simulations.
Unlike the previously presented approaches our aim is to
adapt the multimedia quality based on the willingness of
people to pay for it, and the device characteristics (resolution).
A. Multimedia Adaptation Techniques
There are different ways of adapting multimedia content:
entirely - focusing on the entire multimedia clip; or partially focusing on specific areas from the multimedia clip (ROI “regions of interest”) identified as important for the users.
Multimedia adaptation is based on the fact that people prefer
reduced bit rates to packet losses [20].
By adapting the multimedia content entirely, a more
uniform adaptation is possible. Different adaptive solutions
have been proposed with different aims. [21] changes the bit
rate and the frame rate of multimedia clips with the aim of
reducing the bandwidth necessary for the transmission of
multimedia. The study classifies the content in three
categories: slight movement, gentle walking, and rapid
movement, based on the spatial and temporal features of a
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multimedia file. Based on these categories the study
determines the necessary bit rate and frame rate for different
multimedia files. The acceptable quality is determined based
on the PSNR metric’s values mapped on the 1 to 5 MOS scale.
[22] addresses the battery power problem on mobile devices,
when the multimedia content is presented on heterogeneous
devices. The research shows that by reducing the colour depth
of the multimedia file to match the mobile device one, mobile
devices drain considerably less battery and the video distortion
is not considerable.
[23] shows that in a multimedia clip, specific regions can be
identified, on which the users are more interested in. Based on
this approach, different adaptation schemes have been
proposed [24, 25]. These schemes aim to reduce the quality
for regions that are of little or no interest for the user and to
increase the quality on the “region of interest” (ROI). The idea
is based on the human visual system that has different
sensitivity to different visual areas [26]. Adaptation based on
ROI can deliver better-perceived quality, especially for mobile
users, where the resources are quite limited [25]. However,
these solutions might not be suitable in all contexts such as
low bit rate multimedia with high movement [25], or
multimedia with less than 15 frames per second [27].
As there is no consensus on which multimedia content
adaptation technique is the best, the proposed mechanism,
COMEDY, adapts the entire multimedia clip.
B. Location of the Adaptive Mechanism
Multimedia adaptation can take place: at the server, at an
intermediary proxy, or at client.
Server side adaptation is performed at the delivery server
that has already access to the content. The main advantage of
this approach is that the content is transmitted already fitting
the client or delivery channel requirements. This requires
fewer resources at the client, which is highly important when
it comes to devices with limited resource power and battery
energy (e.g. mobile devices). Most important less bandwidth is
needed for the content delivery to the client device (for
example, a clip to be sent to a mobile device adapted to a
format most suitable both to the device and access network).
There are also other advantages in the sense that the content
provider controls the content in terms of copyright. Drawbacks
of this approach include increased traffic and processing at the
that the server especially if adaptation is performed
individually for each stream, solution less scalable to large
number of clients. Among the research studies that follow this
approach are: [28], [29] and [80].
Client side: In this case the adaptation is done at user
device. Among the advantages of this approach one can count
a more granular adaptation, and a better flexibility in
involving the user during the adaptation process. However,
this kind of adaptation would not be possible when the users
do not have powerful devices (mostly in terms processor
capabilities). There is a need as well that the users to install
applications that adapt the content, and this can be a tedious
process both for programmers (taking into account the
diversity of mobile devices that need to support the
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application), and for the users (it makes things harder for
them, since they need to install applications). Among the
studies that use this kind of adaptation are [30] and [31].
Intermediary Proxy: A proxy acts as an intermediate
between the client and the server. The advantages of using this
approach are that not all the processing is done on the server,
which reduces the pressure put on the server; and not all the
traffic is directed towards the server which may ease the
communication, might avoid bottlenecks, and long delays. The
disadvantages are that the proxy should be available through
the Internet, since there should be communication at all times
between the server and proxy and proxy and client. This
implies that the proxy needs a public IP address. Among the
studies that have used this approach are: [32] and [33].
C. Timing Multimedia Adaptation
Taking into account the moment when adaptation is
performed, the adaptation can be either online (dynamic
mode) or offline (static mode). A hybrid approach is possible
by using caching: the content is adapted online, but some of
the versions are cached for further use.
Offline Adaptation (Static Mode): Offline adaptation is
performed before the content is sent to the client. After the
adaptation is applied, the content is stored for future use.
Offline adaptation can be performed only on the server side.
Among the advantages of this kind of adaptation one can
count: the fact that the there is no latency involved with
adaptation when the content is requested by the user; the
content is transformed only once, at the beginning and then
used as it is. There are other advantages inherent from the
server side adaptation such as the fact that the content is
adapted only in one place, etc. Among the disadvantages are
the diversity of the content that has to be stored on the server,
since one version for each client (class of clients) has to be
stored, and the impossibility to serve live video [34, 35].
Online Adaptation (Dynamic Mode): Online adaptation is
performed when the content is requested and can be done in
any of the three locations. The main advantage is in terms of
storage space, as a single version of multimedia has to be
stored not all the adapted versions. Among the disadvantages,
one can count: the latency involved in adapting multimedia on
the fly, and the fact that some content/adaptation cannot be
done in real time, and at least some sort of multimedia preprocessing has to be done. [36] and [37] are example of
studies that have used online multimedia adaptation.
The COMEDY mechanism presented in this paper can be
performed at any place; however, care has to be taken as
whether this could add an extra monetary cost from the user
perspective.
III. MULTIMEDIA QUALITY EVALUATION
In order to show the benefits of different adaptation
solutions, various metrics for assessing multimedia quality
have been proposed. These metrics can be either objective or
subjective.
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A. Objective Video Quality Evaluation
Objective metrics are used to estimate the video quality, as
the user would perceive it by using mathematical models.
They differ through their computational complexity and the
factors they take into account to estimate the quality.
Objective metrics include: PSNR-Peak Signal to Noise Ratio
[38], VQM - Video Quality Metric [39], SSIM - Structural
Similarity Index [40], MS-SSIM - MultiScale-Structural
SIMilarity index [41], MOVIE - MOtion-based Video
Integrity Evaluation [42], etc.
Among these, PSNR has a low computational complexity. It
has been shown to obtain more accurate results compared to
the more complex models (e.g. VQM) [43], however it is
sometimes criticised for correlating poorly with perceived
video quality [44]. The PSNR is based on the comparison of
two sequences of signals: the original video and the distorted
one. The higher the result obtained by the PSNR formula, the
better the quality.
SSIM aims at being more consistent with the human eye
than PSNR is. It compares the similarity between two images.
As in the PSNR case, the higher the score obtained with
SSIM, the better is.
MS-SSIM is one of the extensions of the SSIM [45]. It
improves the SSIM by allowing variations in resolution and
viewing conditions.
MOVIE model is based on the neuroscience studies. It aims
to capture the characteristics of the human brain for the
analysis of the video quality.
VQM measures the effect of different video impairments on
perceived quality. The lower the score obtained with this
metric, the better the perceived multimedia clip quality is.
Although some metrics are more suitable in certain
conditions than others [45], to the best of our knowledge there
is not a general accepted metric that is accurate well enough to
estimate the perceived user quality. However, PSNR and
SSIM have their values mapped onto the MOS (Mean Option
Score) scale, used for subjective video quality evaluation.
Since the aim of this research is to analyse the multimedia
quality both objective and subjective, PSNR and SSIM will be
used for the objective video quality evaluation. This is because
they provide easier comparison to the subjective evaluation
results.
The MOS scale is used to subjectively assess the perceived
video quality. The 5-point MOS scale and the PSNR and
SSIM mapping are presented in Table I. The first column
indicates the MOS values, where 5 rates excellent quality and
1 bad quality. The second column presents the PSNR value
intervals that correspond to a given MOS value. For example,
TABLE I
PSNR AND SSIM MAPPING TO MOS [46]
MOS

PSNR

SSIM

5 (excellent)

≥ 45

> 0.99

4 (good)

≥ 33 & < 45

≥ 0.95 & < 0.99

3 (fair)

≥ 27.4 & < 33

≥ 0.88 & < 0.95

2 (poor)

≥ 18.7 & < 27.4

≥ 0.5 & < 0.88

1 (bad)

<18.7

< 0.5
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a PSNR from 33 (including 33) up to 45 (excluding 45), will
correspond to a MOS value of 4 (good perceived video
quality). The third column presents the SSIM intervals and its
correspondent on the MOS scale. For example, SSIM values
between 0.95 (including) and 0.99, correspond to a MOS
value of 4.
B. Subjective Video Quality Evaluation
Subjective methods involve people assessing the quality of
the multimedia clip. The perceived video quality is usually
measured on the MOS scale. The MOS scale has values
between 1 and 5, but a scale from 1 to 10 is also possible,
especially in the assessment of low bit rate video codecs [47].
Different standards for assessing user perceived quality have
also been proposed by the International Telecommunication
Union - Telecommunication Standardisation Sector (ITU-T),
such as, ITU-T P.910 [47], and ITU-R BT-500 [48]. Among
these, ITU-T P.910 is used for multimedia clip transmissions
that have both video and sound. ITU-R BT-500 is used for
assessing the video quality of television pictures. ITU-T
P.910, the standard that this research follows, provides
recommendations regarding the experimental design, viewers,
instructions, analysis of results, etc.
There are several different methods for assessing
multimedia quality: Absolute Category Rating (ACR),
Absolute Category Rating with Hidden Reference (ACR-HR),
Degradation Category Rating (DCR), and Pair Comparison
(PC) method. In ACR the subjects are asked to rate the
multimedia clips one by one. ACR-HR differs from ACR by
including a hidden reference in the test sequence. DCR
presents the subject videos in pair, one of the sequences being
the reference and the other one the sequence under evaluation.
On the PC, the sequences are presented in pairs with different
systems under test.
IV. COMEDY: COST ORIENTED ADAPTIVE MULTIMEDIA
DELIVERY
The proposed adaptive multimedia mechanism takes into
account the user willingness to pay for the delivery of
multimedia on a mobile device [16]. The aim of the
mechanism is to deliver a lower quality multimedia content to
the people who cannot afford or are not willing to pay high
cost for the multimedia delivery while for those who are
willing to pay, a high quality is provided. In order to do so, the
multimedia bit rate and the resolution have been affected. The
main questions to be addressed is how one selects the bit rate
such that the quality is high for the people who are willing to
pay and lower, but acceptable for the ones who are not willing,
as there seems in the literature to be no consensus on how to
select it.
To address this, the diversity of mobile phones a user can
have was taken into account. There are several factors that are
tackled in this research such as the resolution and the bit rate
of the multimedia to be delivered. These are selected as they
have a direct or indirect effect on the size of the multimedia
content, and hence its delivery cost. A lower bit rate value
implies lower multimedia clip size. However, a multimedia
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with high resolution requires a high bit rate. If the device has a
smaller resolution than the multimedia clip there is no point in
delivering a high resolution multimedia as the device will
scale it down anyway. By delivering the content directly to the
resolution the device has the bit rate can be lowered, hence the
size and therefore the delivery cost.
Next, a summary of mobile phones analysis we have
performed is presented. The period 2008 up to 18 December
2011 was considered. The aim of this analysis is to determine
what resolutions are currently used on the mobile phones
market.
A. Mobile Phones Analysis
Three main categories can be distinguished among mobile
phones:
• Basic phones
• Feature phones (cellular phones)
• Smartphones.
Basic phones are mobile phones that allow users to place
calls and have a basic functionality. Due to the fact that these
phones do not usually allow for multimedia access, we
decided that they would be left out of our analysis.
Feature phones (also called cellular phones) are mobile
phones that allow users to place calls. They have enhanced
functionalities compared to a basic phone, such as: Internet
access; the capability of playing multimedia, and support for
Java applications.
Smartphones are mobile phones that apart from allowing
users to make a call, they can also provide high functionality,
run an Operating System (OS) and support multitask
applications. Smartphones have high capabilities, support for
multimedia, Internet access, and multiple network capabilities.
The smartphones provide the best combination between
portability and functionality.
For the purpose of this research, feature phones and
smartphones were considered in our analysis as they support
multimedia.
Worldwide feature phones and smartphones published on
the GSM arena website [49] were considered from 1 January
2008 up to 18 December 2011. A total of 1115 feature phones
were found listed on the website, among which 29% were
announced in 2008, 29% were announced in 2009, 30% in
2010, and 12% in 2011. The lower number of feature phones
from 2011 is due to the fact that mobile phones producers are
more focused towards smartphones now.
A total of 685 smartphones models were analysed. Among
these, 90 (13%) of them were announced in 2008, 128 (19%)
were announced in 2009, 210 (31%) were announced in 2010
and 257 (37%) announced in 2011. One can notice an increase
in the number of smartphones through the years. An analysis
for 2011, and the predominant resolutions for the rest of the
years is presented next.
Below, the results of the mobile phones resolution analysis
for the year 2011 are presented. Fig. 1 shows the feature phone
resolutions released in 2011 (up to 18th of December). The 240
x 320 resolution is popular among feature phones, accounting
for 57% of feature phones. The second most popular is 128 x
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them including just certain resolutions. This makes difficult to
group devices in certain categories. Hence, with the aim of
providing a better view of the capabilities of mobile phones in
terms of resolution we propose to classify the resolutions in
five classes as presented in Table III, by adapting the
resolution classification found in [52]. Another reason for
doing so is the high number of device resolutions found and in
the inherent difficulty to manage so many resolutions during
an adaptation process [52]. Wowza [53] is a company
TABLE II
MOBILE DEVICES RESOLUTIONS
Shorthand/Class

Resolution

1080p

1920 x 1080

720p

1080 x 720

480p

800 x 480

360p

640 x 360

240p

320 x 240

Fig. 1. Resolutions for Feature Phones Announced in 2011

160 accounting for 14% of feature phones and the third most
used is 240 x 400 accounting for 12% of feature phones.
An analysis for previous years was performed as well, and
through all the years, the resolution of 240 x 320 was
predominant too.
Fig. 2 presents the smartphones resolutions released in
2011. The most used resolution is 480 x 800 accounting for
35%. The second most used resolution is 320 x 480 that
counts for 25% of the smartphones, and the third most used is
240 x 320, accounting for 14%.

Fig. 2. Resolutions for Smartphones Announced in 2011

In 2008 and 2009, the predominant resolution for
smartphones has been 240 x 320 same as for feature phones,
accounting for 66% and 34% of smartphones respectively. 480
x 800 became the predominant resolution accounting for 31%
of smartphones in 2010, and it remains predominant. One can
notice an increase in the number of high definition resolutions
in smartphones, starting with 2011.
B. Multimedia Resolution Clustering and Bit Rate
As it can be seen from the previous analysis and not only a
variety of resolutions exist among mobile phones. There are
also various standards regarding resolutions [50, 51], each of

TABLE III
PROPOSED MOBILE PHONES RESOLUTION CLASSIFICATION
Shorthand/Class

Resolutions

1080p

800 x 1280

720p

720 x 1080; 640 x 960

480p

480 x 640; 480 x 800; 480 x 854

360p

360 x 640; 360 x 480; 320 x 480; 320 x 320

240p

240 x 400; 240 x 320; 176 x 220; 128 x 160; 120 x
160; 128 x 128; 96 x 128

specialised in multimedia streaming to different platforms.
Their server has been selected as the best media server for
three years in a row starting with 2008 [53]. They have
proposed in [52] a classification of resolutions for multimedia
adaptation as presented in Table II. The second column of the
table presents the resolution corresponding to the class
presented in the first column.
Among the resolution classes presented in Table II, the
1080p resolution class is not yet present on the mobile phone
market. However, since resolutions bigger than 720p are
already present with mobile devices (e.g. Samsung Galaxy
Note has a resolution of 800 x 1280), and probably even
higher resolutions will be supported in the future, the 1080p
resolution class was included in the proposed classification
(see Table III). Unfortunately, taking into account only the
resolutions from Table II would not solve the problem, since
there are many other resolutions. Therefore, the proposed
classification, groups all mobile phone resolutions that were
found in our analysis around the proposed classification. This
is done by adding resolutions that do not exist in the Table II;
in the class immediately higher in terms of resolution size. The
proposed classification ensures a better preview of the
resolutions present on the market.
Based on our analysis Table IV presents the division of
smartphones in the proposed resolution classes, across all
years. Smartphones have suffered major changes in terms of
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TABLE IV
CLASSIFICATION OF SMARTPHONES RESOLUTION
Shorthand

2008

2009

2010

2011

240p

70%

43%

29%

18%

360p

5%

24%

23%

34%

480p

25%

27%

41%

44%

720p

-

-

-

4%

the supported resolutions, across the years, whereas a feature
phone, even though the resolutions have been increasing
overall there has not been such a steep change in resolutions.
The dominant class of resolution for the last four years for
feature phones is 240p.
Determining a suitable bit rate for a multimedia clip is a
complicated problem as it depends on the video content, its
resolution, the role of the clip, and the type of network it will
be delivered on. Since a recommendation that will fit all
requirements of this research (suitable for a variety of mobile
phones resolutions and for various wireless networks), has not
been found, different recommendations have been analysed
such as Mobile Learning Standard [54], wowza [52], Apple
Technical Note TN 2224 – Best Practices for Creating and
Deploying HTTP Live Streaming Media for the iPhone and
iPad [55], and Adobe [56].
C. Adaptation Mecanism
The cost of multimedia content delivery over cellular
networks is still high, and users have concerns and problems
estimating how much data they use [8, 12]. However, as some
people want to reduce their cost of delivery trading it off for
example for video quality, while others prefer to pay for it and
get premium quality [15]. It has been shown that the people
willingness to pay for multimedia quality can be modelled [16,
57], so it can be used by an automatic adaptation algorithm as
long some data about the users can be obtained – this can be
done by asking the users to answer a short questionnaire.
A division of the user profiles in two classes of risk averse
and risk seekers was presented in [16]. The division is done
based on the person age, gender and self-assessment of the
risk attitude. Based on this information a risk value for each
person is computed. The risk value can vary between 0 and 10.
If the user risk value is greater than 5 the person is considered
risk seeker, otherwise s/he is risk averse.
In order to adapt the multimedia content for the two classes
of users, two multimedia bit rate values have to be determined,
one for risk adverse users (a lower threshold) and one for risk
seekers (an upper threshold). Although a more granular
classification could have been performed by considering the
11 points scale on which the risk is computed, no research has
currently been done to characterise users based on each point
of the scale. Therefore we will focus on the two categories,
currently used.
Table V presents the proposed multimedia bit rates
thresholds for the two categories of users and for every class
of device resolution. The first column indicates the resolution

Shorthand
240p

TABLE V
MULTIMEDIA BIT RATE RECOMMENDATION
Bit rate
Bit rate
Recommended
threshold
threshold
Resolution
risk averse
risk seeker
240 x 320
150 kbps
250 kbps

6

Source
[54]

360p

360 x 640

0.6 MB

550 kbps

[52, 54, 55]

480p

480 x 800

0.6 MB

1 MB

720p

720 x 1080

1.5 MB

1.8 MB

[52]

1080p

800 x 1280

2 MB

3 MB

[52]

[52, 55]

class, the second column the resolution to be used for
multimedia. The third and the forth columns show the
recommended bit rate threshold based on the risk attitude. The
last column presents the documentation based on which the bit
rate threshold was recommended.
An explanation on how the bit rate thresholds were selected
for each resolution class is presented below:
• 1080p: the proposed bit rate thresholds follow the
suggestions from wowza [52].
• 720p: the proposed bit rate thresholds follow the
suggestions from wowza [52].
• 480p: the proposed bit rate thresholds follow the
suggestions from wowza [52] as well as some values
recommended by Apple [55] that fit for this class and
have similar bit rates (e.g. for 640 x 480 was
recommended 640kbps or 840kbps)
• 360p: the risk adverse user’s threshold was proposed
as a combination of the values recommended by the
Mobile Learning Standard [54] and Apple [55]. The
first one recommends a bit rate of 140 kbps for a
video clip with resolutions between 176x 144 and
640 x 480, while the second one recommends 150
kbps for multimedia with resolutions of 400 x 224 or
400 x 300. Since 140 kbps is the bit rate only for the
video at which the audio bit rate is added, 150 kbps
was taken as a lower threshold. The bit rate threshold
for risk seeker was proposed based on wowza [52].
• 240p: the bit rate threshold for risk averse users was
selected using the same principle as for 360p class.
This matches also with the wowza [52]
exemplification. The risk seekers threshold (risk
seeking users) was selected based on the wowza [52]
recommendations.
The proposed adaptive mechanism – COMEDY - (see Fig.
3) takes into account: the user (by considering her/his risk
attitude hence her/his willingness to pay), and the user mobile
device (by taking into account device resolution). First the
mechanism classifies the user on one of the two categories by
computing its risk value, RV [16], and retrieves the user device
resolution (deviceResolution). The recommended resolution
(recommendedResolution) is computed based on the
recommendations proposed in Table III (to determine the
resolution class) and Table V (based on the resolution class to
determine the resolution for the multimedia clip that is
delivered). The bit rate at which multimedia clip is to be
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Fig. 3. COMEDY - Cost Oriented adaptive MultimEdia DeliverYMechanism

delivered (recommendedBitrate) is determined based on the
recommended resolution class and computed risk value based
on the values proposed in Table V. A multimedia clip with the
recommendedResolution and recommendedBitrate is either
transcoded at the time, if the version of the multimedia clip
with these requirements is not present, or just retrieved and
delivered to the person, if that version exists.
V. EXPERIMENTAL STUDY METHODOLOGY AND SET UP
The proposed adaptive multimedia mechanism (COMEDY)
was evaluated using both objective and subjective
assessments. The objective assessment has measured the
perceived video quality (using two well-known objective
metrics: PSNR and SSIM), and the savings (both monetary
and in terms of delivery time) obtained when using the
proposed adaptive mechanism. The savings were assessed as
case studies for different mobile data billing plans currently
used on the market.
The subjective assessment was performed as an
experimental study that has tested and validated the proposed
mechanism. The aim of the subjective test was to determine
whether the user perceived quality was negatively affected for
the risk adverse users. The study set-up was performed
following the recommendations from the ITU-T P.910 [47].
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A. Multimedia Content
Seven multimedia clips were used both for the subjective
and objective assessments such that they would cover a large
variety of multimedia content:
1) Slideshow: the multimedia clip is a slideshow with
low dynamicity. The level of details is quite high,
and a lot of text is presented.
2) Screencast: the multimedia clip has many
transitions between images, such as zoom in and
zooms out; fading in and fading out; there are also
text and details. The dynamicity is medium - low.
3) Presentation: the multimedia clip consists of two
persons speaking using slides for their
presentation. The slides change during speaking
while the speakers’ dynamicity is quite low.
4) Lab Demo: the multimedia clip is a cooking scene,
having multiple persons showing the stages of the
cooking and the ingredients. The scene varies
some having high level of details while others less.
5) Interview: the multimedia clip consists of a static
background and two persons speaking. The
dynamicity is low.
6) Documentary: the multimedia clip shows different
aspects of the marine ecology research. The scene
content varies, with different aspects presented in
different scenes.
7) Animation: the multimedia clip consists of a
cartoon, where the level of dynamicity is low.
Since the downloaded multimedia clips used for testing were
too long for evaluation purposes, approximately 30 seconds
long self-contained multimedia sequences were extracted.
Thus, the evaluation duration was kept short and the
multimedia clip presents information that may be understood
independently from the rest of the clip..
Another multimedia clip, Introductory Trailer to Chandra,
was used for a case study assessment of the gains (both
monetary and delivery time) when using the proposed
adaptive multimedia mechanism. The clip consists of a variety
of scenes having both low and high level of dynamicity. The
clip was kept at his original length of 1 minute and 44
seconds, as it was considered that the original length would
better represent a multimedia clip seen by the user in real-life.
All the multimedia clips that were used during the
evaluations were downloaded from the iTunes U [58]. The
encoding of the multimedia clips is MEPG-4 ACV/H.264. The
clips have high resolutions so that a clip could be transcoded
at different resolutions as required by the algorithm. Their bit
rate was high too.
B. Mobile Devices
An analysis and classification of mobile phones present on
the market during the period 2008 -2011 (up to 18 December
2011) has been done in Section IV A-B. Smartphones have the
best multimedia capability and most of them have access to
3G and 3G transitional networks, which makes them suitable
for multimedia content delivery [59]. Our analysis has shown
that 480x800 is the most used resolution for smartphones in
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the last two years. The second most used resolution across
smartphones and feature phones during the last years was
240x320, a resolution that is at the moment very popular
among feature phones. Based on our study, these two
resolutions cover the majority of smartphones and feature
phones present on the market in the last two years. Therefore,
mobile devices with these resolutions were selected for this
study.
It was decided that both devices to be smartphones, due to
the fact that these devices would soon be dominant on the
market [60]. Concerning the Operating System (OS), Android
smartphones were selected due to the fact that they have the
most common OS on the market [61, 62]. Regarding the
manufacturer, Samsung and Google were selected, since
Samsung is the most used manufacturer by overall mobile
subscriptions, and Google has the most smartphones
subscribers [63].
TABLE VI
MOBILE DEVICES CHARACTERISTICS
Characteristic

Google Nexus

Samsung Europe

Resolution

480 x 800

240 x 320

Screen Size

3.7’’

2.8’’

Video
Capability

MP4/H.263/H.264

MP4/H.264/H.263

Mobile
Networks

2G, 2G transitional, 3G,
3G transitional, Wi-Fi

2G, 2G transitional, 3G,
3G transitional, Wi-Fi

Internal
Memory

512MB

170MB

CPU

1GHz

600MHz

Therefore the two smartphones selected for the study were
Google Nexus and Samsung Europa, based on the abovementioned criteria. Their characteristics are presented in Table
VI. The first row has the device name, the second its
resolution, the third column presents the screen size, the fourth
the video capabilities, the fifth row the networks to which they
have access to, and the last two rows the internal memory and
CPU. As it can be seen, both devices have access to high
bandwidth mobile networks, making them suitable for
multimedia delivery.
C. Subjects
76 subjects took part in this study on a volunteer basis. The
subjects were either students (37) or professionals (39). Most
of the subjects were males, accounting for 74% of the total
subjects. The subjects’ age is quite spread. Their ages varied
from 19 to 57 years old, 37% being younger than 30 years.
The subjects’ risk attitude was assessed as described in [16].
The risk attitude formula uses the participants’ age and
gender, and the general risk question in order to compute the
risk aversion of an individual. The general risk question is a
method of assessing the user risk attitude by asking the user to
assess his/her risk attitude on a 0 to 10 scale [16]. The subjects
were asked at the beginning to provide their age, and gender
and to answer the general risk question. Based on this data, the
subjects were divided in two risk attitude classes: risk averse
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and risk seekers. The result of the formula was interpreted as
follows: the subjects who get a value lower or equal to 5, are
considered risk averse, and the ones over 5 are considered risk
seekers. 36% of the subjects were risk averse and 64% risk
seekers. This high number of risk seeking subjects can be
explained by the fact that many of the subjects have a high
level of education (e.g. PhD students or postdoctoral
researchers), and this category is known to have a positive
attitude towards risk [64, 65].
D. Billing Plans
To compute the savings obtained in terms of cost of delivery
it was necessary to investigate what type of billing plans are
on the market. The following plans were found
1. Bundle billing. The user pays for a specific amount of
data in advance. That may be used in a given period
of time. If the amount of data used is exceeded during
the given period, some of the following options are
available:
• the user has to pay a different price for the
exceeding quantity;
• to buy a new bundle at the same or different
price;
• the bandwidth is limited.
2. Time based billing. The user pays for the time s/he
spends using the Internet.
3. Data based billing. The user pays for the quantity of
data downloaded or uploaded. It differs from the
bundle billing plan by the fact that the user does not
pay for the data they will consume in advance. This
type of billing plan was used starting with packet
switched networks such as 2.5G and 3G [12].
4. Flat rate. The user has unlimited Internet access.
Usually a monthly fee is involved, but Internet access
it could be unlimited for a shorter period of time such
as a session.
5. Free Internet access. This is the most desirable case for
the user, when s/he does not pay for the data.
In order to decide which billing plans to be used for our
testing we looked at what are the most common billing plan in
Europe. Five European countries were selected: Ireland,
Germany, France, UK, and Italy. Except for Ireland, the last
four were selected due to the fact that they have the biggest
TABLE VII
MOBILE PHONE SUBSCRIPTIONS BY COUNTRY
Mobile Phone
Subscriptions as
Country
Population
Percentage of the
Population [66]
Ireland
4 100 000
106.63%
Germany

82 600 000

127.42%

France

60 000 000

95.35%

UK

59 700 000

130.17%

Italy

57 800 000

146.08%
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number of people in Europe, high penetration rate of mobile
subscriptions (see Table VII), and consequently the largest
number of mobile phones customers. Since this research is
taking place in Ireland, the Irish billing plans were considered
of particular importance, especially since the subjects that took
part in the experimental evaluation were from Ireland, with
people being either Irish or living in Ireland. Therefore,
whenever possible in the study we took a billing plan from
Ireland, as being more representative for the people living
here. However, if a different plan type was to be found
representative for the study it had to be added regardless of the
country.
The billing plans offered by non-virtual mobile operators
were taken into account. A virtual mobile operator is a mobile
operator who does not necessarily have its own infrastructure
and it is renting it from other operators. Virtual operators have
usually a far lower number of subscriptions that non-virtual
ones. This is the main reason for not considering virtual
mobile operators in this study. This analysis did not consider
different offers that mobile operators may have when buying a
certain mobile (e.g. when you buy a BlackBerry you can get a
different mobile data offer than when buying one other type of
mobile phone), or offers for a limited period of time (e.g. free
Internet for one month when switching to the given mobile
operator).
Both pre-paid (pay as you go) and contract based (billed
paid, post-paid) plans were analysed. A pre-paid billing plan
also called pay as you go is a billing plan in which the
customer pays in advance for the provided service. Figure 4
presents the breakdown of the billing plans offered for pay as
you go customers we found. We can notice that capped billing
plan is predominant. Although many of the billing plans that
are advertised to consumers are flat based, we found just 4%
who did not really have any limitations in terms of the amount
of data.
A contract based billing plan (also named as bill paid billing

Fig. 4. Pre-paid type billing plans breakdown

plan or post-paid billing plan) is a plan in which the user pays
for the services after s/he has used them. Fig 5 presents
breakdown of the billing plans for the contract-based
customers. We can notice that capped billing plan is
predominant on the market.
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Fig. 5. Contract based billing plans breakdown

Considering that for both the pre-paid and contract based
billing plans, capped/bundle billing plan is by far the
predominant one it was selected for our case studies. The
bundle billing plans used were selected to cover a variety of
prices, and different consequences that would happen when
the limit is exceed, such as paying extra or having the
bandwidth limited.
For maintaining the clarity of the results, and not repeating
ourselves, the representative billing plans selected for the
evaluation in terms of user gains (both monetary and in terms
of delivery time) are presented in Section VI.
E. Procedure
The division based on risk attitude was used in the
experimental study to create two groups: risk averse and risk
seekers. Based on the group, multimedia clips of different
quality are provided to the subjects. Risk averse subjects are
provided with the multimedia clips of lower bit rate than the
clips delivered to the risk seekers. The risk adverse group has
27 subjects and the risk seeking group has 49 subjects.
The subjects were first asked to fill in a questionnaire with
demographic data and to answer the general risk question.
Based on this data they were divided into one of the two
groups. Afterwards, a written description of the experiment
was given to the subjects. As recommended by the ITU-T
P.910 [47], the subjects were explained the assessment
procedure and the scale of assessment.
A training session, as recommended by ITU-T P.910 [47],
was also run before starting the actual experiment in order to
avoid biases due to misunderstanding. The results of the
training session were not taken into account in the analysis.
Up to this point, the tasks were the same for the subjects
regardless of their group. From this point on, the division in
the groups accounted for the multimedia version they
received: risk averse subjects got the low quality version and
risk seekers got the high quality version. The two quality
versions were generated based on the proposed COMEDY
mechanism.
Among the methods available for assessing the multimedia
quality, Absolute Category Ranking (ACR) was chosen. This
method was considered the most suitable since it does not
imply viewing two clips in parallel, or having a reference
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among the clips. This method was selected, as being the most
appropriate of what people would see when watching a
multimedia clip on their mobile device.
F. Data Analysis
Parametric or non-parametric procedures can be used to
analyse the data. The parametric analysis works under the
assumption that the sample data has a normal distribution and
variances are equal among different groups. Non-parametric
analysis does not make these assumptions. However, nonparametric tests are criticised in losing precision and power
[67], and giving a false sense of security; Zimmerman [68] has
shown that in fact they can be affected by the variances in
groups. Considering these the parametric analyses was used in
this research.
The Student t-test may be used for analysing whether the
differences between two groups are significant. An adaptation
of the Student t-test, Welch’s t test [69], can be used when the
assumption of equal variances cannot necessarily be made.
The Welch’s t-test works also well with samples of unequal
sizes, as those involved in this research are. Therefore,
Welch’s t test has been considered the most suitable for this
study. A confidence interval (CI) of 95% was adopted.
The dependent variables included in this research are the
MOS score. The independent variables are the subjects’ risk
attitudes, multimedia clips classification (e.g. slideshow,
cartoon, etc.), and multimedia clip categories (clips encoded at
different quality levels). The data was analysed using R,
released 1.12.1 [70].
VI. RESULTS AND DISCUSSIONS
The proposed adaptive multimedia mechanism (COMEDY)
was assessed using both objective and subjective assessments.
The objective evaluation has assessed the perceived video
quality (using two well-known objective metrics: PSNR and
SSIM), and the savings (both monetary and in terms of
delivery time) obtained when using the proposed mechanism.
The savings were assessed using different mobile data billing
plans used on the market.
The subjective assessment was performed as an
experimental study that assesses video perceived quality on
the MOS scale according to ITU-T P.910 [47]
recommendations.
A. Objective Assessment
This section presents the results of the tests that assessed
objectively the multimedia quality and the savings obtained
for risk averse users when using certain billing plans. The
video quality was assessed using two well-known metrics:
PSNR and SSIM, and the results of the two metrics were
mapped onto the MOS scale. The savings are computed by
using different scenarios, in which representative
capped/bundle based billing plans from Section V - D are
used.
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Video Quality
To assess the multimedia quality, the multimedia sequences
downloaded and presented in Section V – A were encoded so
that they match the resolution and bit rate as recommended by
the COMMEDY mechanism. Table V from Section IV – C
presents in details what resolution and bit rate corresponds to
each multimedia clip based on the resolution class and user
risk attitude. The clips were transcoded using XMedia Recode
[71]. The same clips were used for subjective evaluation, and
the clips were approximate 30 seconds long.
Objective multimedia quality analysis is done using wellknown assessment metrics: PSNR and SSIM. These metrics
were chosen because research has been performed to map their
results on the MOS scale making them comparable with
subjective assessment results.
These two metrics were used with the aim to assess how
much the video quality has been degraded for the people
getting the lower quality. The obtained values are presented in
Table VIII (for 240p class), Table IX (for 360p class), and
Table X (for 480p class). Due to the low number of mobile
phones having high definition video, the analysis for 7 has not
been performed. The first column presents the multimedia clip
type. For each clip the PSNR value is given in the second
column. The third column has the converted value from PSNR
to MOS based on Table I. The fourth column presents the
SSIM value and the last one the equivalent of the SSIM value
on the MOS scale.
For the 240p class, it can be noticed that for most of the
videos, both techniques of assessing video quality, score for
the lower bit rate version of the clip a MOS of 4 (Good). The
only exception is the Documentary clip where the SSIM
metric resulted in a value of 3 (Fair) on the MOS scale. This
could be explained by the fact that the Documentary clip was
more dynamic, with different scenes that require higher
quality.
TABLE VIII
PSNR & SSIM VALUES FOR 240P (240 X 320) MULTIMEDIA CLASS

Slideshow

PSNR
(db)
39.51

PSNR
MOS
4

0.98

SSIM
MOS
4

Screencast

39.69

4

0.98

4

Presentation

41.05

4

0.98

4

Lab Demo

37.14

4

0.97

4

Multimedia Category

SSIM

Interview

40.94

4

0.98

4

Documentary

33.82

4

0.95

3

Animation

42.42

4

0.97

4

For the 360p class, the lower quality multimedia clips got
MOS values between 5 (Excellent), and 3 (Fair) for both
metrics. The Slideshow sequence had 5 for both metrics on the
MOS scale. Presentation, Lab Demo, and Interview got all 4
for both metrics, and the Animation got 4 with the PSNR.
For the 480p class, majority of the clips got values between
5 and 4 with the exception of Documentary which got 3.
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TABLE IX
PSNR & SSIM VALUES FOR 360P (360 X 640) MULTIMEDIA CLASS

Slideshow

PSNR
(db)
46.15

PSNR
MOS
5

0.99

SSIM
MOS
5

Screencast

31.52

3

0.94

3

Presentation

38.61

4

0.96

4

Lab Demo

35.65

4

0.95

4

Multimedia Category

SSIM

Interview

37.80

4

0.95

4

Documentary

29.47

3

0.85

3

Animation

38.10

4

0.94

3

TABLE X
PSNR & SSIM VALUE FOR 480P (480 X 800) MULTIMEDIA CLASS

Slideshow

PSNR
(db)
49.00

PSNR
MOS
5

Multimedia Category

0.99

SSIM
MOS
5

SSIM

Screencast

37.45

4

0.98

4

Presentation

42.56

4

0.97

4

Lab Demo

42.25

4

0.97

4

Interview

43.32

4

0.98

4

Documentary

34.71

3

0.94

3

Animation

40.10

4

0.97

4

We can notice that for neither of the classes the MOS value
is under 3 (Fair quality), and the majority of the values are 4
or 5. In conclusion, one can note that based on the objective
metrics the MOS score for the multimedia clips is at least of a
fair quality, mostly having a good quality. A good quality is
considered satisfactory for all users [72].
Content Delivery Savings
In order to analyse the savings for the users who got the
lower quality, three billing plans were selected. It can be
noticed from the analysis done in Section V - D, that the
bundle based billing plan type is by far the most common form
of billing for mobile data. Two types of bundle based billing
plans can be distinguished:
• The user pays for the exceeding quantity
• The bandwidth is limited when exceeding the quantity.
Therefore, billing plans pertaining to each of these
categories were selected. Two billing plans from the first
category were selected, due to the difference in price to be
paid for the exceeding quantity in the two cases. The
following billing plans are considered:
Plan A: The Vodafone Ireland daily data billing plan,
where for 50MB one pays €0.99, and for the exceeding
quantity €1/MB.
Plan B: The O2 Ireland monthly data billing plan, where
one gets 500MB of data, and for the exceeding quantity s/he
pays 2c/MB.
Plan C: The T-Mobile Germany monthly data billing plan,
where after consuming 300MB for the monthly bundle the
traffic is limited to 64kbps download.
For each of the following billing plans two case studies
were considered: one in which the user is still in the bundle
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quantity, and the other one in which s/he exceeds the bundle.
The multimedia clip, Introductory Trailer to Chandra was
used for this assessment. The clip is 1 minute and 44 seconds
long and has not been cut at all, so it is a typical clip a person
might download from iTunes and watch it. It is also not too
long so that it will not create high cost or the people would
avoid downloading it.
Four versions of the multimedia clip have been created
using XMedia Recorde: two versions for the 240p resolution
class and two versions for the 480p resolution class. For the
240p class, one version has a bit rate of a 150kbps for risk
averse users and 250kbps for the risk seekers. For the 480p
class, the bit rate is of 600kbps for risk averse users and
1000kbps for the risk seekers. These are values presented in
Table IV, Section IV – C, based on the COMEDY mechanism.
Table XI, Table XII, and Table XIII present the results of
assessing savings by using the proposed mechanism,
COMEDY. All the tables address both the classes 240p and
480p. The savings are presented in terms of monetary cost for
the case when the user exceeds the bundle quantity. For the
case in which the user still has data in the bundle (having all
the data bundle left is also considered here), the savings are
assessed in terms of the data left in the bundle. The first
column of each of these tables presents the user type: risk
averse or risk seeking users. The second column presents the
size of the multimedia clip. The third column presents the
recommended multimedia bit rate corresponding to the
resolution class and user type. The fourth column presents the
resolution class. The fifth and the sixth columns address the
case in which the user has data in the bundle. The fifth column
presents the remaining data from the bundle, after receiving
the multimedia clip over the wireless network. The sixth
column presents the percentage of savings obtained in the
bundle data for risk averse as compared to risk seekers, as a
lower quality and a smaller clip was transmitted for risk averse
users.
For Table XI, and Table XII, the seventh column presents
the price to be paid if the multimedia clip would have been
billed as exceeding the quantity from the bundle. The last
column presents the savings in percentage for the risk averse
users.
Table XI shows can see the results for the plan A. We can
notice that in terms of monetary cost, savings around 30% are
obtained for the risk averse people. When one exceeds the
bundle quantity it is charged €1.20 less for the first class and
€4.85 less for the second class. For the case in which the
subjects still have data in their bundle available, risk averse
people save 2.4% more data quantity for the bundle (1.2MB),
for the 240p class and 9.7% (4.85MB) for the 480p class.
The savings for the plan B are presented in Table XII.
Savings around 30%, (when the user exceeds the quantity) are
obtained also for risk averse users. The savings for the
remaining data are lower in percentage, since a bigger quantity
is present in the bundle. In terms of data saved, they are equal
as for the previous case: 1.2MB for the risk averse users from
the 240p class and 4.85MB for the risk averse users from the
480p class.
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TABLE XI
SAVINGS FOR THE BILLING PLAN A
Resolution
In Bundle:
In Bundle:
Class
Remaining Data
Percentage of
(MB)
Data Saved
240p
47.10
2.4%

Risk averse

2.90

Multimedia
bit rate
(kbps)
150

Risk seeker

4.10

250

240p

45.90

Risk averse

9.15

600

480p

40.85

Risk seeker

14

1000

480p

36

-

User
Type

Multimedia
Clip Size (MB)

2.90

Exceeds the Bundle:
Quantity Savings
(monetary)
29.27%

-

4.10

-

9.7%

9.15

34.64%

14

-

TABLE XII
SAVINGS FOR THE BILLING PLAN B
Resolution
In Bundle:
In Bundle:
Class
Remaining Data
Percentage of
(MB)
Data Saved
240p
407.10
0.24%

Risk averse

2.90

Multimedia
bit rate
(kbps)
150

Risk seeker

4.10

250

240p

495.90

Risk averse

9.15

600

480p

490.85

Risk seeker

14

1000

480p

486

-

User
Tyoe

Multimedia
Clip Size (MB)

Risk averse

2.90

Risk seeker

4.10

250

240p

295.9

Risk averse

9.15

600

480p

290.85

Risk seeker

14

1000

480p

286

-

Multimedia Clip
Size (MB)

0.058

Exceeds the Bundle:
Quantity Savings
(monetary)
29.27%

-

0.082

-

0.97%

0.183

34.64%

0.28

-

TABLE XIII
SAVINGS FOR THE BILLING PLAN C
Resolution
In Bundle:
In Bundle:
Class
Remaining
Percentage of Data
Data (MB)
Saved
240p
297.10
0.41%

Multimedia
bit rate
(kbps)
150

User
Type

Table XIII presents the savings for the plan C. The last two
columns present the download time necessary to get the
multimedia clip, and the percentage by which the download is
shorted for the risk averse users. The bandwidth for this billing
plan is limited to 64kbps, which leads to downloading times of
46 seconds for the 240p class for the risk averse and 1 minute
and 6 seconds for risk seeking users. This means that the
download time for the risk averse is approximately with
30.30% shorter than for the risk seekers. For the 480p class,
the download time is approximately of 2 minutes 26 seconds
for the risk averse and 3 minutes and 44 seconds for the risk
seeking user. This means that the risk averse users get the
multimedia clip approximately 34.64% faster. Even though the
aim of this research was not to reduce the delivery time this is
also one of the advantages of using this type of adaptation.
In conclusion, savings of approximately 30% in terms of
monetary cost are obtained for the risk averse users, when they
have to pay outside the bundle. Savings are obtained as well,
in terms of the remaining quantity of data in the bundle.
Benefits of this adaptation when the bandwidth is limited can
also be seen when streaming the multimedia clip. The adapted
multimedia clip version when streamed has better chances of
not being affected by interruptions, due to the low bandwidth.

Exceeds Bundle:
Price (€)

Exceeds Bundle:
Price (€)

46s

In Bundle:
Download
Percentage Faster
30.30%

-

1 min. 6s

-

1.70%

2 min 26s

34.64%

3 min 44s

-

In Bundle:
Download Time

subjects took part in the study. The user’s perceived
multimedia quality was assessed on the 5 point MOS - Mean
Option Score scale.
Google Nexus and Samsung Europe with resolutions that
belong to the classes 240p (240 x 320) and 480p (480 x 800)
respectively, were used. These two resolutions categories
cover most of the mobile phones we analysed (more details in
Section IV B).
Video Quality for 240p resolution class (Samsung Galaxy
Europe Mobile Phone)
Fig. 6 presents the average MOS scores obtained for each of
the multimedia clip. It can be noticed that on average there is
no significant difference between the MOS scores for the two
video qualities delivered for risk averse and risk seekers.
Slideshow is the only clip to have an average MOS value
under 3(Fair), the average for risk averse being 2.89 and for

B. Subjective Assessment
The aim of the subjective study is to investigate whether the
proposed adaptive multimedia mechanism (COMEDY) has
affected the perceived multimedia quality for the risk averse
and risk seekers subjects, and whether the differences between
the risk averse and risk-seeking subjects are considerable. 76
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Fig. 6. MOS Average for 240p Resolution Class
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risk seekers 2.78. This could be explained by the quantity of
details and text presented in the slides that might make them
difficult to read at such low resolutions.
In order to see whether there is a significant difference
between the two groups, a Welch t test was performed on the
results for each clips:. Table XIV presents the t and p value
obtained as a result of this Welsh t-test. One can notice that
there is no significant difference between the two groups in
terms of the perceived multimedia quality, regardless of the
multimedia clip used. This suggests that the risk averse users
do not perceived the multimedia clip given as a different
quality than the risk seekers group.
TABLE XIV
WELCH T TEST RESULTS PERFORMED ON THE MOS VALUES THE RISK
AVERSE AND RISK SEEKERS REPORTED
Multimedia Clip Category

t value

p value

CI
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between the two groups. However, the Welch t test on
Animation shows that there is a significant difference for the
two groups. It can be noticed from Fig. 7 that risk averse
subjects got on average a higher quality score. It can then be
assumed that the proposed adaptation did not affect the
perceived quality.
TABLE XV
WELCH T TEST RESULTS PERFORMED ON THE MOS VALUES THE RISK
AVERSE AND RISK SEEKERS REPORTED
Multimedia Clip Category

t value

p value

CI

Slideshow

0.8751

0.3853

0.95

Screencast

0.1279

0.8987

0.95

Presentation

1.0048

0.3191

0.95

Lab Demo

1.5284

0.1314

0.95

Interview

1.7651

0.0817

0.95

Documentary

1.2148

0.2288

0.95

Animation

2.8429

0.0057
82

0.95

Slideshow

0.4285

0.6702

0.95

Screencast

-0.1005

0.9204

0.95

Presentation

1.1562

0.2520

0.95

VII. DISCUSSIONS

Lab Demo

0.9041

0.3697

0.95

Interview

-0.4032

0.6884

0.95

Documentary

1.6624

0.1030

0.95

Animation

0.8824

0.3811

0.95

Overall, this study has provided evidence of benefits in
terms of monetary cost, when the proposed multimedia
adaptation is performed. The adaptation does not negatively
affect the subjects’ perceived quality.
For end-users, the outcome of this research could be
beneficial, as they can obtain personalised multimedia content
based on their needs: the risk averse will get multimedia
content that involves low delivery cost and the risk seekers
higher quality than the one provided to the risk averse.
From the providers’ point of view, proving personalised
content may lead to more satisfied users. It could also reduce
the bandwidth consumption and the traffic on the server or
proxy. Adapting content to the user mobile phone
characteristics could improve the quality of the delivered
content. When multimedia content is delivered at higher
quality than the network permits loss, delay and jitter could
appear, affecting the perceived quality. Moreover, the analysis
performed on the mobile phone characteristics can help them
decide what devices to target, especially when an adaptation to
every single device is not feasible.
Mobile network operators can also benefit from the research
presented in this paper as well. As the bandwidth is limited
and the congestion is still a big problem in wireless networks,
this research can help in reducing the bandwidth consumption,
hence diminishing the congestion problem. It can also lead to
happier customers, as they would have personalised content
based on their needs, and less congestion to deal with.
Regarding the possible avenues that would further explore
the research presented in this paper, the proposed adaptation
mechanism, COMEDY, may be expanded by considering
other parameters such as user preference for multimedia
content, user context, to better model both user’s preferences
and technical constraints imposed by the user device or the
delivery infrastructure. Thus a more fine-grained mechanism
that classifies users in different categories will be provided.
Moreover, other user characteristics could be considered such
as preference towards multimedia content or quality.

Video Quality for 480p resolution class (Samsung Galaxy
Europe Mobile Phone)
Fig. 7 presents the MOS average values for each clip when
displayed on the second device. The increase in the average
MOS values is noticeable for the second device when
compared with the first device, which could be explained by
the fact that people formed their opinions based on the
capabilities of the medium [72]. Lower MOS values were
obtained again for the Slideshow multimedia category.
However, in this case, the values were over 3 (Fair). For the
rest of the clips, all MOS values are over 4 (Good). Once
again, no significant difference in the average MOS values
was noticed for the two groups.

Fig. 7. MOS Average for 480p Resolution Class

In order to see whether there are significant differences
between the two groups’ scores for the multimedia clips,
Welch t test with 95% confidence interval was performed. The
results of the test are presented in Table XV. It can be noticed
that for Slideshow, Screencast, Presentation, Lab Demo,
Interview, and Documentary show no significant difference
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Concerning the user device, different hardware (battery life)
and/or software components (such as OS, multimedia player
supported) could affect the perceived quality or the
information assimilation from the video clip [72].
From the Internet infrastructure perspective, the available
bandwidth can have a considerable effect on the perceived
quality, and it has been shown that a controlled decrease in the
multimedia quality could provide a better perceived quality
than delivering the multimedia clip as it is on a network with
poor performance [73]. Therefore, the adaptation mechanism
would provide a better user experience if these factors are
taken into account.
Previous work in the field has been shown that by reducing
the video clip bit rate values, it is possible to save the battery
lifetime [74]. This aspect of the COMEDY mechanism would
have to be further researched, and independent off the cost
savings, the mechanism could potentially improve the battery
life for the risk averse users. A possible extension the
COMEDY mechanism may consider how battery lifetime
affects the multimedia quality choices under the cost
constraints.
Moreover, it would be interesting to determine how the
mechanism would behave on vehicular networks, where the
data storage cost [75] is important. When COMEDY is used as
an adaptation mechanism for risk averse users a lower size
multimedia clip is delivered and this may lead to reducing the
data storage cost. Moreover, COMEDY could be incorporated
and used in a network selection mechanism, similar to the
cost-function based network-selection proposed in [76]. In this
mechanism, if multiple networks are accessible to the user,
traffic load and strength are considered as criteria for network
selection. The mechanism could be improved by taking into
account the cost of delivery and the user risk attitude. If there
is a cost of delivery over the specific network, COMEDY,
may be performed.
VIII. CONCLUSIONS AND DISCUSSION
The cost of delivery of multimedia content over mobile
networks is still high, and there are people who would prefer
not to pay that much as a trade-off for quality. This paper
presents COMEDY, a mechanism that adapts the multimedia
quality so that the people who are not willing to pay high price
for a high quality multimedia content would receive a lower
quality (and a lower price) than the ones who are willing to
pay for the high multimedia quality. The COMEDY
mechanism takes into account the user risk aversion and the
resolution of the devices people use. The type of resolutions
available on mobile phones have been assessed by analysing
1800 mobile phones announced from 2008 up to 2011 (18
December 2011).
The COMEDY mechanism has been assessed both through
objective and subjective studies. The objective studies
assessed the multimedia quality and billing plans. The
multimedia quality has been assessed using two well-known
metrics PSNR and SSIM. The savings obtained were
computed by taking into account three representative billing
plans savings. The results of the objective studies show that
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the multimedia quality for the risk averse group, as assessed
using PSNR and SSIM metrics, has values of 4 and 5 on the
MOS scale for majority of the clips used in our tests, when
resolution from 240p, 360p and 480p classes are used.
The subjective study looked at the perceived multimedia
quality. The subjective study shows slightly lower on average
values. Only for the Slideshow clip for the 240p device class
category, the average MOS was 2.89, probably due to the
difficulty to read the text from the slides presented in the clip
on a low resolution (240 x 320). Other than that all the MOS
values were predominantly over 4. The results show that there
was no significant statistical difference between the two
groups of people (risk averse and risk seekers) in the case of
the 240p device class, and for most of the 480p category,
except for the Animation. In the case of the Animation clip,
the results of the Welch’s t test show that there is a significant
difference, however, for that clip, the MOS as assessed by the
subjects was higher for the risk averse category. This is in
concordance with previous research that has shown that the
video quality can be degraded without negatively affecting the
user perception [57, 77].
Therefore, it can be concluded that the result of this
adaptation does not negatively affect the perceived multimedia
quality. An explanation for the relatively lower scores for the
240p class, compared to the 480p class can lie in the fact that
the people make their opinion based on the capabilities of the
medium [78], the example being given is of a video clip seen
on a high definition TV, which may receive a MOS score of
4.5, while the same clip on a mobile device might receive a
MOS score of 3.1.
An analysis performed on a sample of billing plans shows
that savings of around 30% can be obtained by using the
proposed COMEDY mechanism when the user exceeds the
bundle quantity. If the user still uses the bundle data, savings
in terms of the remaining bundle quantity have been observed.
Overall, this study has provided evidence of benefits in
terms of monetary cost, when the proposed multimedia
adaptation is performed. The adaptation does not negatively
affect the subjects’ perceived quality.
For end users, the outcome of this research could be
beneficial, as they can obtain personalised multimedia content
based on their needs: the risk averse will get multimedia
content that involves low delivery cost and the risk seekers
higher quality than the one provided to the risk averse.
From the providers’ point of view, proving personalised
content may lead to more satisfied users. It could also reduce
the bandwidth consumption and the traffic on the server or
proxy. Adapting content to the user mobile phone
characteristics could improve the quality of the delivered
content. When multimedia content is delivered at higher
quality than the network permits loss, delay and jitter could
appear, affecting the perceived quality. Moreover, the analysis
performed on the mobile phone characteristics can help them
decide what devices to target, especially when an adaptation to
every single device is not feasible.
Mobile network operators can also benefit from the research
presented in this paper as well. As the bandwidth is limited
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and the congestion is still a big problem in wireless networks,
this research can help in reducing the bandwidth consumption,
hence diminishing the congestion problem. It can also lead to
happier customers, as they would have personalised content
based on their needs, and less congestion to deal with.
REFERENCES
[1]
[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ITU-D, “ITU ICT-Eye Free Statistics”. [Online]. Available:
http://www.itu.int/ITU-D/ict/statistics/
ITU-T WSIS, “Monitoring the WSIS targets: A mid-term review”, 2010.
[Online].
Available:
http://www.itu.int/ITUD/ict/publications/wtdr_10/material/WTDR2010_ExecSum_E.pdf
A. Albert, “Buyers hit by high mobile data prices”, 2012. [Online].
Available: http://www.supplymanagement.com/news/2012/buyers-hitby-high-mobile-data-prices/
PCPro, “The mobile data rip-off costs”. 2011. [Online]. Available:
http://www.pcpro.co.uk/features/368113/the-mobile-data-rip-off-costs
D. Gooldman, “Verizon to end unlimited data option”, 2011. [Online].
Available:
http://money.cnn.com/2011/06/21/technology/verizon_data_plan_chang
es/index.html
Telecoms Pricing, 4 million new users across 8 European countries in 6
months; And average blended ARPU increased by Euro 1.50., 2010,
[Online].
Available:
http://www.telecomspricing.com/news_detail.cfm?item=5006
M. Hamblen, “AT&T moves closer to usage-based fees for data“, 2011,
[Online].
Available:
http://www.computerworld.com/s/article/9142012/AT_T_moves_closer
_to_usage_based_fees_for_data
M. Chetty, R. Banks, A.J. Bernheim Brush, J. Donner, and R.E. Grinter,
“’You're Capped’ Understanding the Effects of Broadband Caps on
Broadband Use in the Home”, ACM annual conference on Human
Factors in Computing Systems, pp. 3021-3030, Austin, TX, USA, 2012.
Comcast. “FAQs about Excessive Use”. [Online]. Available:
http://customer.comcast.com/Pages/FAQViewer.aspx?seoid=Frequently
-Asked-Questions-about-ExcessiveUse
I. Trestian, S., Ranjan, A. Kuzmanovic, A. Nucci, "Taming the Mobile
Data Deluge With Drop Zones," IEEE/ACM Transactions on
Networking,
vol. 20, no. 4, pp. 1010 – 1023, 2012, doi:
10.1109/TNET.2011.2172952
Telecoms,
“LTE
Outlook”,
2012.
[Online].
Available:
http://www.telecoms.com/wpcontent/blogs.dir/1/files/2012/05/OFC_LTEOutlook_May12.pdf
V. Roto, R., Geisler, A., Kaikkonen, A., Popescu, and E. Vartiainen,
“Data traffic costs and mobile browsing user experience”. MobEA IV
workshop on Empowering the Mobile Web, in conjunction with
WWW2006
conference,
2006.
[Online].
Available:
http://www2.research.att.com/~rjana/MobEA-IV/PAPERS/MobEA_IVPaper_7.pdf
C. Middleton, and S. Chang, "The Adoption of Broadband Internet In
Australia and Canada," in Dwivedi, Y.K., Papazafeiropoulou, A. and
Choudrie, J. (eds.), Handbook of Research on Global Diffusion of
Broadband Data Transmission, IGI Global, Harrisburg, PA, pp. 818-840,
2008.
P., Isomursu, R., Hinman, M., Isomursu, and M. Spasojevic, M.
“Metaphors for the mobile Internet.”, Metaphors for the mobile Internet,
20(4), 259-268.
A. Molnar, and C. Hava Muntean, “Educational content delivery: An
experimental study assessing student preference for multimedia content
when monetary cost is involved”, Intelligent Systems Design and
Applications, pp. 871-876, Egypt, 2010.
A. Molnar, and C. Hava Muntean, “Consumer’ risk attitude based
personalisation for content delivery”, IEEE Consumer Communication
and Networking Conference, Special Session on Affective Computing
for Future Consumer Electronics, pp. 265-269, USA, 2012.
S. Kopf, and W. Effelsberg, “Mobile cinema: canonical processes for
video adaptation”. Multimedia Systems, vol. 14, no. 6, pp. 369-375,
2008.

15

[18] G.-M. Muntean, P. Perry, and L. Murphy " Performance comparison of
local area video streaming systems". IEEE Communications Letters, vol.
8, no.5, pp. 326-328, 2003.
[19] C.-P. Tsai, H.-Y., Kung, M.-H., Lin, W.-K., Lai, and H.-C. Chen.
“Computing resources and multimedia QoS controls for mobile
appliances”, Communications in Computer and Information Science,
vol. 166, pp. 93-105, 2011.
[20] O. Verscheure, P. Frossard, and M. Hamdi, “MPEG-2 video services
over packet networks: Joint effect of encoding rate and data loss on useroriented QoS”. NOSSDAV, Cambridge, England, 1998, pp. 257-264.
[21] A. Khan, L. J., Sun, and E. Ifeachor, “Quality of experience-driven
adaptation scheme for video applications over wireless networks”. IET
Communications, vol. 4, no. 11, pp. 1337-1347, 2010.
[22] J. – H. Jeong, “Efficient post-video processing for thin display devices”.
IEEE Transactions on Consumer Electronics, pp.1097-1101, 2010.
[23] S.R. Gulliver and G. Ghinea, “The Perceptual and Attentive impact of
Delay and Jitter in Multimedia Networks”, IEEE Trans. on
Broadcasting, vol. 53, no. 2, pp. 449-458, 2007.
[24] G.-M. Muntean, G. Ghinea, and T.N. Sheehan, “Region of interest-based
adaptive multimedia streaming scheme”. IEEE Transactions on
Broadcasting, vol. 54, no. 2, pp. 296-303, 2008.
[25] W. Song, D. W. Tjondronegoro, S.-H.Wang, and M.J. Docherty,
“Impact of zooming and enhancing region of interests for optimizing
user experience on mobile sports video”. International Conference on
Multimedia, pp. 321-330, 2010.
[26] Y. Sun, I. Ahmad, and Y. Q. Zhang, “Region-based rate control, and bit
allocation for wireless video transmission”. IEEE Transactions on
Multimedia, vol. 8, no. 1, pp. 1-10, 2006.
[27] S. R. Gulliver, and G. Ghinea, “A perceptual comparison of empirical
and predictive region-of-interest video”. IEEE Transactions on Systems,
Man, and Cybernetics. Part A, Systems & Humans, vol. 39, no. 4, pp.
744 – 753, 2009.
[28] R. Rosenbaum, B. Hamann, Raster Image Adaptation for mobile devices
using profiles, SPIE - Electronic Imaging 2012, San Francisco/US,
January pp.22 - 26, 2012.
[29] G.-M, Muntean, and L. Murphy, “Adaptive pre-recorded multimedia
streaming”. Global Telecommunications Conference, pp. 1728-1732,
2002.
[30] S. Davis, E. Cheng, I. Burnett, and C. Ritz, “Multimedia adaptation
based on semantics from social network users interacting with media”.
International Workshop on Quality of Multimedia Experience,
Trondheim, Norway, June 21-23, pp. 170–175, 2010.
[31] I. Vaishnavi, P. Cesar, D. Bulterman, and O. Friedrich, “From IPTV
services to shared experiences: Challenges in architecture design“. IEEE
International Multimedia and Expo, Suntec City, pp. 1511 – 1516, 2010.
[32] K. Ma, M. Li, A. Huang, and R. Bartovs, “Video rate adaptation in
mobile devices via HTTP progressive download of stitched media files”.
IEEE Communications Letters, vol. 15, no. 3, pp. 320 – 322, 2011.
[33] I. Kofler, R. Kuschnig, and H. Hellwagner, “In-network adaptation of
H.264/SVC for HD video streaming over 802.11g networks”. 21st
International Workshop on Network and Operating Systems Support for
Digital Audio and Video, pp. 9-14, 2011.
[34] W. Zhu, C., Luo, J., Wang, and S. Li, “Multimedia cloud computing”.
IEEE Signal Processing Magazine, vol. 28, no. 3, pp. 59 – 69, 2011.
[35] Z. Sun, X. Chen, and Z. He, “Adaptive critic design for energy
minimization of portable video communication devices”. Computer
Communications and Networks, St. Thomas, US Virgin Islands, pp. 1-5,
2008.
[36] J. Silvestre-Blanes, L. Almeida, R. Marau, and P. Pedreiras, “Online
QoS management for multimedia real-time transmission in industrial
nNetworks”. IEEE Transactions on Industrial Electronics, vol. 58, no. 3,
pp. 1061 – 1071, 2011.
[37] N. Mastronarde, and M. van der Schaar, “Online layered learning for
cross-layer optimization of dynamic multimedia systems”. ACM SIGMM
Conference on Multimedia Systems. Phoenix, USA, pp. 47-58, 2011
[38] W. Osberger, A. J. Maeder, and N. Bergmann, “A perceptually based
quantization technique for MPEG encoding”. SPIE Human Vision and
Electronic Imaging, 3.

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) <
[39] M. Pinson, and S. Wolf, “A new standardized method for objectively
measuring video quality”. IEEE Transactions on Broadcasting, vol. 50,
no. 3, 2004, pp. 312-322.
[40] Z. Wang, and A.C. Bovik “Modern image quality assessment”, Morgan
& Claypool, 2006.
[41] Z.Wang, E. Simoncelli, and A. Bovik, “Multiscale structural similarity
for image quality assessment,” 37th Asilomar Conf. Signals, Syst.
Comput., vol. 2, pp. 1398–1402, 2003.
[42] K. Seshadrinathan and A. C. Bovik, “Motion tuned spatio-temporal
quality assessment of natural videos,” IEEE Trans. Image Process., vol.
19, no. 2, pp. 335–350, 2010.
[43] VQEG. “Final report from the video quality experts group on the
validation of objective models of video quality assessment”, 2000
[Online]. Available: http://www.vqeg.org/
[44] P. Gorley, and N. Holliman, “ Stereoscopic image quality metrics and
compression. Stereoscopic displays and applications”, vol. 6803, 2008.
[45] S. Chikkerur, V. Sundaram, M. Reisslein, L.J. Karam, "Objective video
quality assessment methods: A classification, review, and performance
comparison," IEEE Transactions on Broadcasting, vol.57, no.2, pp.165182, 2011.
[46] T. Zinner, O. Abboud, O. Hohlfeld, T. Hossfeld, and P. Tran-Gia,
“Towards QoE management for scalable video streaming”. 21th ITC
Specialist Seminar on Multimedia Applications - Traffic, Performance
and QoE. Miyazaki, pp. 64-49, 2010.
[47] ITU-T P.910. “Series P: Telephone transmission quality, telephone
installations, local line networks.” 2008, [Online]. Available:
http://www.catr.cn/radar/itut/201007/P020100707478901291238.pdf
[48] ITU-R. BT-500 “Methodology for the subjective assessment of the
quality of television pictures”. 2002, [Online]. Available:
http://www.dii.unisi.it/~menegaz/DoctoralSchool2004/papers/ITUR_BT.500-11.pdf
[49] GSM Arena. [Online]. Available: http://www.gsmarena.com/
[50] J.L. Sokol, “Video Technology Magazine”,. 2004 [Online]. Available:
http://www.videotechnology.com/0904/formats.html
[51] Standard
Resolutions,
2011
[Online].
Available:
http://www.equasys.de/standardresolution.html
[52] Media,
2011
[Online].
Available:
http://event.on24.com/event/28/89/58/rt/1/documents/slidepdf/stm_slide
s_1095.pdf
[53] Wowza
Media
Systems,
2011
[Online].
Available:
http://www.wowzamedia.com
[54] Flexible learning framework. “Mobile Learning Standard”, 2010
[Online].
Available:
http://estandards.flexiblelearning.net.au/topics/mlearn.html
[55] Technical Note TN224. “ Apple technical note TN 2224 – Best practices
for creating and deploying HTTP live streaming media for the iPhone
and
iPad",
2010,
[Online].
Available:
http://developer.apple.com/library/ios/#technotes/tn224/_index.html
[56] Au, E. “Delivering video for Flash Player on mobile devices”, 2010,
[Online].
Available:
http://www.adobe.com/dvnet/devices/articles/delivering_video_fp10_1.h
tml
[57] A. Molnar, and C. H. Muntean, “Mobile learning: An economic
approach”, Intelligent and Adaptive Learning Systems: Technology
Enhanced Support for Learners and Teachers, S. Graf, F. Lin, Kinshuk,
and R. McGreal (Eds.), IGI Global, pp. 311-326, 2011.
[58] iTunes U. [Online]. Available: http://www.apple.com/education/itunesu/.
[59] C. Ullrich, R. Shen, R. Tong, and X. Tan, "A Mobile Live Video
Learning System for Large-Scale Learning—System Design and
Evaluation," IEEE Transactions on Learning Technologies, vol. 3, no. 1,
pp. 6-17, 2010, doi:10.1109/TLT.2009.54
[60] Ho, V. “Analyst: 'Classic' feature phone will survive”, 2009 [Online].
Available: http://www.zdnetasia.com/analyst-classic-feature-phone-willsurvive-62060027.htm
[61] IDC. “IDC's worldwide quarterly mobile phone tracker”, 2011 [Online].
Available:
http://www.idc.com/research/viewfactsheet.jsp?containerId=IDC_P8397
[62] comScore. “comScore reports may 2011 U.S. Mobile subscriber market
share”,
2011
[Online].
Available:

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]
[71]
[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

16

http://www.comscore.com/Press_Events/Press_Releases/2011/7/comSco
re_Reports_May_2011_U.S._Mobile_Subscriber_Market_Share
comScore. “Mobile Subscriber Market Share”, 2011 [Online].
Available:
http://www.comscore.com/Press_Events/Press_Releases/2011/7/comSco
re_Reports_May_2011_U.S._Mobile_Subscriber_Market_Share
B. Donkers, B. Melenberg, and A. van Soest, A. “ Estimating risk
attitudes using lotteries, a large sample approach”. Journal of Risk and
Uncertainty, vol. 22, no. 2, pp. 165-195, 2001.
A. B., Rosen, J.S., Tsai, and S.M., Downs. “Variations in risk attitude
across race, gender and education”. Medical Decision Making, vol. 23,
no.6, pp. 511-517, 2003.
ITU-D. “Mobile-cellular telephone subscriptions” [Online]. Available:
http://www.itu.int/ITUD/icteye/Reporting/ShowReportFrame.aspx?ReportName=/WTI/Cellula
rSubscribersPublic&ReportFormat=HTML4.0&RP_intYear=2009&RP_
intLanguageID=1&RP_bitLiveData=False
J., Hodges, and E.L. Lehmann. “The efficiency of some nonparametric
competitors of the t test”. Annals of Mathematical Statistics, vol. 27, pp.
324-335, 1956.
D. W. Zimmerman. “Statistical significance levels of nonparametric
tests biased by heterogeneous variances of treatment groups”. Journal of
General Psychology, vol. 127, pp. 354-364, 2000.
Welch, B. L. “The generalization of "Student's" problem when several
different population variances are involved”. Biometrika, vol. 34, no. 12, pp. 28–35, 1947.
R Project. “The R Project for Statistical Computing” [Online].
Available: http://www.r-project.org/
XMedia Recorde [Online]. Available: http://www.xmedia-recode.de/
T. Serif, S.R. Gulliver, G. Ghinea, “Infotainment across access devices:
the perceptual impact of multimedia QoS”, Proceedings of the 2004
ACM symposium on Applied computing, Nicosia, Cyprus, 1580-85,
ACM, 2004.
Trestian, Ramona, Olga Ormond, and G-M. Muntean. "Signal Strengthbased Adaptive Multimedia Delivery Mechanism." In Local Computer
Networks, 2009. LCN 2009. IEEE 34th Conference on, pp. 297-300.
IEEE, 2009.
Moldovan, A. N., A. Molnar, and C. H. Muntean. "EcoLearn: Battery
power friendly e-learning environment for mobile device users."
Learning-Oriented Technologies, Devices and Networks-Innovative
Case Studies (2011): 273-296.
Kumar, Neeraj, and Jongsung Kim. "Probabilistic trust aware data
replica placement strategy for online video streaming applications in
vehicular delay tolerant networks." Mathematical and Computer
Modelling ,2012.
Shen, Wei, and Qing-An Zeng. "Cost-function-based network selection
strategy in integrated wireless and mobile networks." IEEE Transactions
on Vehicular Technology, 57, no. 6, pp. 3778-3788, 2008.
G. Ghinea and J.P. Thomas, “QoS Impact on User Perception and
Understanding of Multimedia Video Clips”, Proceedings of ACM
Multimedia, pp. 49-54, Bristol, United Kingdom, 1998.
Telchemy. “Understanding IP video quality metrics”, 2011, [Online].
Available:
http://www.telchemy.com/appnotes/Understanding%20IP%20Video%2
0Quality%20Metrics.pdf
G.-M. Muntean, P. Perry, L. Murphy, “Objective and subjective
evaluation of QOAS video streaming over broadband networks”, IEEE
Transactions on Network and Service Management, vol. 2 no. 1, pp. 1928, 2005.
B. Ciubotaru, G.-M. Muntean, G. Ghinea, “Objective assessment of
region of interest-aware adaptive multimedia streaming quality”,
Broadcasting, IEEE Transactions on, vol. 55 no. 2, 202-212, 2009.

