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Abstract— User mobility, heterogeneity of networks and
network technologies, variety of mobile devices @. different
operating systems, display size, CPU capabilitiespattery
limitations, etc.), and wide range of video-centricapplications
(e.g., video on demand, video games, live video eaiming, video
conferences, surveillance, etc.) open up the demarfdr user-
centric solutions that adapt the video applicationto the
underlying network conditions and device charactestics.
Additionally, the absence of battery improvements wtable to
meet the growing power requirements, and the needif green
ICT, provide strong motivation for researchers to cvelop energy
efficient techniques to manage and reduce power ceamption in
next-generation wireless networks, while still meg@tg high user
quality expectations. In this context we propose Aapt-or-
Handover, a hybrid multimedia delivery solution, which balances
the benefits of multimedia content adaptation and P network
selection in order to decrease power consumption ina
heterogeneous wireless network environment. The pposed
solution is analyzed and comparatively tested thragh
simulations. The results show how by using Adapt-eHandover
the users benefit from up to 31% energy savings Wit
insignificant degradation in quality, in comparison with other
energy efficient solutions.

Index Terms—adaptive multimedia, network
heterogeneous environment, energy efficiency

selection,

. INTRODUCTION

HE latest advances in technologies and applicatio
(e.g., improved CPU, graphics, display, etc.) drarnhass-
market adoption of the new multi-mode high-end desi(such
as smartphones, iPhones, netbooks, and
determined a massive traffic increase for the neobjlerators.
There is a growing popularity of video-sharing wigss such

as YouTube, social networks like: Twitter, Facebookb

Linkedin, MySpace, etc., entertainment servicesbitaoTV,
etc., as well as increase use of gaming and vidsed
applications. It is expected that the use of mobitkeo will
more than double every year by 2015 [1], represgnthe
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highest growth rate of any application category.eTh
continuing growth in the amount of video conteneates
challenges for the network service providers inueng
seamless multimedia experience at high end-usesejped
quality levels, given the existing device chardstes and
network resources. Adaptive multimedia streamingr[{P
represents one possible solution that aims at aiaing
acceptable user perceived quality levels. Anothduti®n
which deals with this explosion of mobile broadbatata is
the coexistence of multiple radio access technekgiith the
use of network selection solutions [8][9].

In terms of energy conservation, Information and
Communications Technologies (ICT) are seen as gfathe
solution (e.g., video-conferencing) in order to idvdarge
carbon footprints, but ICT itself needs to becon@erenergy
efficient. For example the EU Commission is pushiog
reducing ICT’s carbon footprint by 20% by 2015. S hiakes
the understanding of the power consumption onehefkey
challenges in the next generation mobile multimeditworks
in order to provide efficient power management. this
context, battery life of the mobile device is theylcomponent
that consumers care most about.

In this context, users are accessing video conm@nthe
move and via heterogeneous networks. For examjgard=1
presents a scenario inspired from the daily lifeJatk, a
business professional who, while going from homehi®

rb%fice, wants to access multimedia services (evgtching the

news, watching music video clips with his preferkethd or
watching movies, etc.) anytime and anywhere. Onplaith,
ack will have a number of available wireless neksde.qg.,
UMTS, WLAN A, WLAN B) to choose from. However, the
major question is how an ordinary user, without any
ackground knowledge in wireless networks and their
characteristics, could know which is the best deahim? In
order to help Jack, this paper proposes an ovashltion with
several inter-linked algorithms.

The need for battery efficient devices and integgigiower
management tools motivates us to propose a hytatapt-or-
Handover solution, which makes use of bothdaptive
multimedia delivery{10] andnetwork selectiorj11] in order
to decrease power consumption in a heterogeneodess
network environment as illustrated in Figure 1. lEac
component of the proposed solution has a role lipitge Jack
to be ‘Always Best Connecteddn his commute. Figure 1
depicts this use-case with three reference locaimnts (i.e.,
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Figure 1. Heterogeneous Wireless Environment —El@®genario of Jack’s Daily Routine

A, B, C), as follows:Point A— Jack has the option to choose

from a number of available Radio Access Network&NIR Il. RELATED WORKS

(e.9., UMTS and WLAN A). A network selection mecksn  Tne existing energy efficient solutions were catexgl
— POFANS (Power-Friendly Access Network Selection into five wide categories: energy consumption sysvand
Mechanism) [11] deployed in Jack's mobile device, will studies, energy efficient network selection, ogeramodes-
automatically perform the network selection for himbased energy efficiency, cross layer solutions doergy
considering his preferences, application requirdsjeand conservation, and energy efficient multimedia pssieg and
network conditions. POFANS indicates the best tangéwvork delivery.

option and triggers the handover process. Note that . .
handover execution mechanism is not considerekisnvork. A. Energy Consumption Surveys and Studies .
Point B— As Jack moves within a WLAN network, his device Zhang et al. [12] present a survey on the recenjoma
needs to cope with content delivery over the wile 2dvances in power-aware multimedia. The main faxfuthe
environment and the adaptive multimedia deliverghamism SUTVeY is on video coding and delivery. The authdesify

_ SAMMy (Signal Strength-based Adaptive Multimedia the main challenges that come when designing ereffigyent

Delivery Mechanism) [10] is employed. This mechanism will mob_ile m_ult.imedia comn_n_mication devic_es, as. (:la)l-_t'en(_e
adapt the multimedia stream based on the netwankliions multimedia is delay-sensitive and bandwidth-intemsking it

in order to maintain good user perceived qualiteldor Jack. also the highe_st power_ consuming applic_ation, t_@) tadio
Point C— is a representative of a point where Auapt-or- frequency environment is changing dynamically avee and

Handover solution can be employed. This solution will decid space,” ,(3) the. diversity of mobile de‘(ices ) and rthei
if it is better for Jack to handover to a new netwVLAN  capabilities, (4) video quality does not preselmear increase
B) or it is better to adapt the multimedia streamoprder to With increase in complexity, and (5) the battergctiarge
conserve the mobile device energy. Note that thitgo behavior is nonlinear. The authors conclude that tuthe
marked in Figure 1 represent an illustrative examplorder dynamics involved, enabling power-aware mobile imétiia

to better understand the roadmap of the overalpgsed is extremely challenging._Man)_/ tradeoffs are_ inealvin _the
solution design phases, and they do not represenexact process, for example using high compression tedesicfo
location where the decisions take place reduce the amount of data to be transmitted amefire the

We created a test-bed environment and studied nbegg energy inyolved in datg delivery, but higher congs'ren
conservation benefits, gained by adapting the mettia involves higher computation both at the server tredclient,

stream to different quality level under various wark and therefore increased battery usage. o
conditions and different network technologies. Thser A_ study on the gnergy consumption of YouTube in iteob
perceived quality was monitored for all video leveknt, in devices was carried out by Y‘% et al. [13]'_ The “agh .
order to maintain a good trade-off between eneggiuction measured the energy consumption of a NO"'? S60 lenobi
and satisfactory end user perceived quality. Thasmements phone for three different use cases (progressiwenibad,

from the real test-bed environment were used tl laumodel download-and-play, and local playback) and for wmeress
in the NS-2 simulation environment. The proposedptebr- network technologies (WCDMA and WLAN). Even though
Handover solution was analyzed and comparativesfete the results show that the WCDMA network consumesemo

through simulations. energy than WLAN, they do not consider the impatt o



fluctuating network bandwidth nor the quality oéthideo.

Correia et al. in [14] address the problem of eyergcost,

efficiency for mobile cellular networks (e.g., WCINHSPA,
LTE). The authors look at the energy efficiencytlud entire
system on three levels: (1) component level — loglkat the
efficiency of the power amplifier; (2) link level leoking at
the discontinuous or continuous transmission maoafeshe
base stations; and (3) network level — looking ke t
deployment paradigm of the cellular networks. Thehars
conclude that potential energy consumption redoatimuld be
made at the network level by taking into accourntydaad
patterns as well as the network architecture typg.,( multi-
hop transmission, ad-hoc meshed networks, etc.).
Vallina-Rodriguez et al. [15] perform a study onlecting
usage data from 18 Android OS users during a 2 \peeiod
(Feb. 2010) in order to understand the resourceag@nent
and battery consumption patterns. The informatiottected
from the mobile devices covers a wide range of patars,
more than 20 (e.g., CPU load, battery level, néetwiype,
network traffic, GPS status, etc.) being updateé@rgviO

Additive Weighted) function of available bandwidthpnetary
and power consumption to select between WiFi,
WIMAX, and 3G. Whereas in [20], the authors make o$
TOPSIS to solve the multi criteria (available baidth, RSS,
velocity, load rate, and power consumption) probland
select between 802.114a, 802.11b, and UMTS networks.

C. Operation Modes-based Energy Efficiency Solutions

A state-of-the-art power management method for -next
generation wireless networks with a focus on opamanodes
(e.g., sleep, idle, etc.) is presented by Kim et[2l]. The
authors provide a technical overview of power managnt in
IEEE 802.16m and 3GPP LTE. 802.16m provides adwhnce
power saving mechanisms based on enhanced versions
legacy IEEE 802.16 sleep and idle modes, whereaB LT
adopts a discontinuous reception mechanism for peasng.
The authors conclude that alternating available and
unavailable intervals can provide an efficient dadic power
saving method. However, in this way, extra powell be
spent on activating and deactivating components,theo

seconds. The study shows the importance of cortextfiUmber of mode changes needs to be kept low.

information when designing energy efficient algomis. For
example, by identifying where and when some ressuace in
high demand (50% of the time the users were suiEtrio
one of their top three most common base statiowsg mnergy
efficient resource management can be proposed lmaséus
information.

B. Energy Efficient Network Selection Solutions

Context information (time, history, network condiis,
device motion) is also used by Rahmati et al. jh6drder to
estimate current and
automatically select the most energy efficient mekw

Lee et al. [22] propose a Content-Aware Streamiygiesn
(CASS) that aims at improving the energy efficieirciobile
IPTV services. CASS uses information from the nekwand
makes use of the Scalable Video Coding schemedardo
reduce the transmission of unnecessary bit-strelmmsder to
further increase the energy efficiency, CASS redutiee
operating time of the client wireless NIC by switadh it
ON/OFF based on the client buffer.

Perrucci et al. [23] investigate the energy congionpof a
Nokia N95 while performing VolP. The authors propdhe

future network conditions andse of a lower energy consumption interface (&&M) as a

signaling channel to wake up the WLAN interface amd the

(802.11b or GSM/EDGE). The authors collected usagéolP service. The authors argue that by using th&eaup
information from 14 users (HTC Wizard Pocket PC,HT signals the energy consumption can be reducedfisemy in
Tornado, and HP iPAQ hw6925 phones) during a 6 mona VoIP scenario. The use of sleep and wake-up stbeds

period. The authors argue that by using the coilteged
interface selection mechanism the average batietyme of
the mobile device can be increased by 35% in coisgamith
the case of using the cellular interface only.

Selecting the most energy efficient network in orde
prolong the lifetime of mobile devices was addrdsise[17]-
[20]. Petander et al. [17] propose the use ofitrabtimation
for an Android mobile device in order to selectvn
UMTS/HSDPA and WLAN. The traffic estimation is dohg
the Home Agent of the Mobile IPv6 protocol and senthe
mobile device, which takes the handoff decisioredasn the
estimate. The results show that the energy consomgor
data transfer over UMTS can be up to three hundireds
higher than over WLAN. The authors in [18] propoae
network selection algorithm based on AHP and GRAckwh
selects the best network between CDMA, WiBro, andAW.
The authors consider a wide range of parameterS @a.,
bandwidth, delay, jitter, and BER), the monetarstcdhe
Lifetime (transmission power, receiver power, adig power)
and user preferences. In [19] Liu et al. use a S@&ihple

used by Namboodiri et al. [24] for energy savingimy VolP
calls. The authors propose a GreenCall algorithat keeps
the WLAN interface of a laptop in sleep mode fayndficant
periods during the VolP calls. The maximum delagt th user
can tolerate during a call is used to compute ldnepsperiods.

D. Cross Layer Solutions for Energy Conservation

Li et al. in [25] propose joint optimization of \@d coder
parameters, channel coder, and transmit power deroto
minimize the power consumption in video transmigsibheir
results indicate that when transmitting over a sifading
wireless channel, the solution is very efficiend aifective in
terms of energy-efficiency. The consideration ofrenealistic
channel models is part of their future work.

The authors in [26] propose a power savings crager|
solution for an adaptive multimedia delivery medeanbased
on remaining battery level, remaining video stredumation,
and packet loss rate level. The mechanism decitiesher or
not to adapt the multimedia stream in order to eahipower
saving while maintaining good user perceived qudditvels.



E. Energy Efficient Multimedia Processing and Delivery

Baker et al. [27] propose a power saving mechamisthe
decoding stage. The power-aware technique aimedaicing
the decoding computation required for H.264 strelyngsing
macro-block prioritization. This is done by allocat block
priority levels in each frame of the video contertd omitting
them, based on the allocated priority, at the decaitle. In

this way the low priority block will be ignored lile decoder

leading to decrease in computational workload.

Another technique that explores the energy saving

multimedia streaming is brightness compensation-[28].

The authors of [28][29] propose the use of a presrver that
performs on-the-fly transcoding and dynamic adamtadf the
video content (brightness compensation) based om
feedback from the client. The proxy server will ddack the
control information to the client middleware whiefil change
its system parameters (e.g., operating backlightel)e
accordingly. In [30] the authors propose a simégproach
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Figure. 2. Divided AP Coverage Area — lllustratisample for 802.11b

areas (based on reduced signal strength) and H#uneeea has
an associated maximum QL, which corresponds to the
maximum multimedia quality that a mobile user coaneil of

and model the problem as a dynamic backlight sgalirin that area. Based on the client feedback, clwedtion, and

optimization in order to determine the appropriaideo
content backlight level. The authors show that wihenenergy
consumption presents a monotonic increase wittb#uoklight
level, their proposed algorithm is optimal in terofsenergy
saving.

Despite the amount of research done in the aremefgy
conservation, not much focus has been placed oimibect of
the multimedia communication environment (e.g.,atan,
technology, network load, etc.) on the energy comion. It

signal strength-related readings, the server dycalipiselects
the most suitable QL and consequently adjusts thiémedia
delivery rate. Positive feedback is used to indidaat no loss
has been detected since the last received feedlzauk,
conversely negative feedback indicates that loss Iheen
detected. If the server receives two consecutivgatige
feedback reports, the QL is decreased by one.édrtsares fast
reaction to events which potentially affect usercpieved
quality. The QL will be increased again only aftem

has been shown that by adopting an adaptive multane consecutive positive feedback reports are receiVats more

delivery mechanism we can obtain significant powaving
[26], as well as by employing an efficient poweeifdly
network selection mechanism [11]. This provideswith the
motivation to propose the hybridAdapt-or-Handover
solution in order to achieve increased power efficy, while
maintaining high user perceived multimedia quality.

lll.  ADAPT-OR-HANDOVER SOLUTION

The Adapt-or-Handover solution is proposed to camaltihe
benefits of network selection (by employing PoFANShH the
adaptive multimedia mechanism (from SAMMy) in order
increase overall power savings.

A. Adaptive Multimedia Delivery Mechanism

The Signal Strength-based Adaptive Multimedia Daiv
Mechanism (SAMMy) [10] makes use of IEEE 802.11dioa
measurements in order to collect information on tadio
interface and the location of the mobile node netato the
Access Point (AP). The adaptive mechanism bases
adaptation decision on received signal power ptiedic user
location and packet loss. The solution is distedutand
consists of server-side and client-side compone@ts. the
server side the content can be encoded different quality
levels (QL) which correspond to different bitrates the
multimedia data to be delivered. As the mobile nouzves
away from the AP, its received signal strength drophe
coverage area of the AP was divided into a numbdifierent

conservative approach increases the chance thaeubet

which negatively affected the transmission qudtias passed
and aims to avoid the ping-pong effect of frequgnality

increase-decrease decisions. The maximum achieitesteb
depends on the area the mobile user is located in.

Assuming that the multimedia server stores a mdgeig.,
Movie A) encoded at five different quality levele=6) as
illustrated in Figure 2 with Quality Level 1 (QLDbeing the
highest quality level and Quality Level 5 (QL5) thmwvest
quality level. For each defined Area there is a imaxn QL,
such that: Area 0 has QLmax = QL1, Area 1 has QLmax
QL2, Area 2 has QLmax = QL3, Area 3 has QLmax = QL4
and Area 4 has QLmax = QL5. This means that, famgte,
if a user is located in Area 1, then the maximum tQat the
user can get in this area is QL2, and of coursertimmum
QL would be QL5 as SAMMy performs the adaptation
between QL5, QL4, QL3, and QL2, only. The adaptive
mechanism seamlessly adapts multimedia, decreasggdte
#Ad increases user perceived quality for videoasiieg
applications in wireless networks [10].

B. Network Selection Mechanism

As multimedia applications are high energy conssnaerd
since the battery lifetime is an important factor fmobile
users, the Power-Friendly Access Network SelecBtrategy
(POFANS) [11] bases its selection decision not amyuser
preferences, application requirements, and networklitions,



but also on the energy consumption of the mobileicge
PoFANS enables the battery lifetime of mobile desito last
longer while running multimedia services and maivitey

reasonable user perceived quality levels by selgdtie most
suitable least power consuming network choice. 3diation

is based on the multiplicative weighted score fiamct
presented in equation (1), which takes into comaiiten the
estimated energy consumption of the mobile deviderw
running real-time applications, the monetary cost tloe

network, application requirements, and estimatedvork

conditions in terms of average throughput.

U =umsmwe Q)
In equation (1)U; is the overall score function for RAN

1 ’ E < Emin
Ena — E
ue(E) = —_— 1 Emin <= E < Emax (2)
Emax - Emin
0 , otherwise

Enin is the minimum energy consumption (Joule)a&s the
maximum energy consumption (Joule), and E is thergn
consumption for the current network (Joule),EBand E,. are
calculated for Thy, and Thy,. respectively. The energy
consumption is computed using equation (3).

E, =t(r, +Thiry) ©)
In equation (3)E; is the estimated energy consumption

(Joule) for RANI, t represents the transaction time (seconds),
r. is the mobile device’s energy consumption per unitirog

andue, Ug, andu, are the utility functions defined for energy,(W)’ This the available throughput (Kbps) provided by RAN

quality in terms of received bandwidth, and monetarst for
RAN i. Additionallyw, +wg+ W, = 1, wherawe, wy, andw, are
weights for the considered criteria,
importance of a parameter in the decision algorithn
important feature of any decision making schemeosacr
multiple criteria is the chance given for the userspecify
their preferences concerning the importance of dtieeria.
The users may give varying importance to eachraite For
example, if the user is on a strict budget, thencibst might be
weighted higher, always looking for an affordabtduson. If
the user prefers to conserve the energy of hisfhebile
device, then the energy will be given higher imance,
meaning it will be weighted higher. If the usemisre quality-
oriented (high quality multimedia application), thihe weight
for quality will be higher. However, the aim is fiod a good
trade-off between the three weighted criteria.

There are many ways of collecting data from the.uSeme
of the proposed solutions probe the user for soeagiired
settings that are transformed afterwards into waigh for the
networks parameters [31]. The solution proposed[32]
integrates a GUI in the user's mobile terminal imer to
collect the user preferences on the following isp@&ervice
request class (Data, Video, Voice); Service prefémuality
(Excellent, Good, Fair); and Service price prefeesn(Always
Cheapest, Maximum service price). In this papés, #issumed
that the weights for cost, quality and energy awvided by
the user (e.g., User Profile), and the user shbelcable to
modify the weighting for each criterion, depending his/her
needs for each application in use and/or currevit@mment.

PoFANS acts in user’s best interest, computes tloees
function for each of the selected candidate nets/cakd
selects the network with the highest score as #rget
network. By making use of this network selectiogoaithm,
significant power savings during multimedia transsions can
be achieved [11].

The utility functions for the three criteria arefided as
follows:

1. Energy Utility - @

The energy utility is defined in equation (2). Faw energy
consumption values the corresponding energy ufilifyvalue
is high, whereas for high energy consumption thigyuits low.
The energy utility value is in the [0,1] intervahd has no unit.

representinige t

andry is the energy consumption rate for data/received istrea
(Joule/Kbyte). The transaction time (length) canpbedicted
from the duration of the multimedia application. €Th
parametersy and r; are device specific and can be stored
on/retrieved from the devicey andr, differ for each network
interface and they can be determined by runnindereift
simulations for various amounts of data and defjranpower
consumption pattern for each interface. In thiskvarGoogle
Nexus One device was used for the real experimesgtd.

2. Quality Utility — u,

A zone-based sigmoid quality utility function isfided to
map the received bandwidth to user satisfactiomfoltimedia
streaming application [33]. The utility is computkdsed on:
the minimum throughput Th,,,) needed to maintain the
multimedia service at a minimum acceptable qugMgiues
below this threshold result in unacceptable quddtels i.e.,
zero utility); the required throughputte) in order to ensure
high quality levels for the multimedia service; thaximum
throughput Thyay, values above thigh,,, threshold result in
quality levels which are higher than most humamweies can
distinguish between and so anything above this maxi
threshold is considered a waste. The mathematcadulation
of this quality utility function is given in equati (4). The
quality utility has values in the [0,1] intervaldano unit.

0 , Th<Th,,

-a[Th? (4)
U,(Thy=<1-e B+Th Th,, <=Th<Th_,

1 , otherwise

In equation (4) andp are two positive parameters which
determine the shape of the utility function (notynih is the
predicted average throughput for each of the catelid
networks (Mbps), Th, is the minimum throughput (Mbps),
and Thyais the maximum throughput (Mbps).

3. Cost Utility - u
The cost utilityu, is defined as in equation (5), where C is
the monetary cost for the current network (euro),, G
minimum cost that the user is willing to pay (euaod Gax—
maximum possible cost that the user can affordaip (euro).
For small values of the monetary cost, the codityuti, has
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high values, whereas for high monetary cogts small.

1 ’ C < Cmin
U(C)={ o™, Gy = C<Cy O
" 0 " , otherwise

The user can store his budget limit on his mobéeick

Algorithm 1 Adapt-or-Handover Decision Algorithm

START:
POFANS Decision
Input:
M Available Wireless Networks;
N Quality Levels;
Procedure:
MxN Options;
Rank Options;
Output:
Connect to Target network;
Target QL;
SAMMy Decision
Qlimax= Target QL;
ADAPT DECISION
if (battery lifetime< stream playing duratiorthen
ADAPT - SAMMy Decision
Qkax= Qlmax- 1;

end if;
HANDOVER DECISION
if (current QL < Qlin) && (battery lifetime > stream playir
duration) || (User Budget running low)
then

HANDOVER - PoFANS Decision
Go t8TART;

end if;

Adapt-or-Handover solution balances adaptive meitia
delivery and network selection in order to improseergy
conservation on the end-user mobile device, wha@taining
acceptable user perceived quality levels.

Figure 3 illustrates the Adapt-or-Handover architex
based on the TCP/IP protocol stack model. The Adapt
Handover solution resides at the application lagembining
the two previously described mechanisms (SAMMy [&6H
PoFANS [11]) and providing a middleware framework f
multimedia delivery. The basic principle behind Atar-
Handover and a detailed description of the algorith further
addressed in the next sections.

IV. ADAPT-OR-HANDOVER — BASIC PRINCIPLE

Figure 4 illustrates the Adapt-or-Handover basinqple.
In the first step the network selection mechani§taHANS)

and the adaptive multimedia mechanism (SAMMy) are

deployed in the mobile user device. Imagine agaéndase of
Jack with a choice of available wireless networkdllastrated
in Figure 1. Each of the available networks carivdelsome

(e.g., User profile), which will be £, and of course the value or all of the offered multimedia server quality édv depending

of Cnin is zero (e.g., free of charge services). In thiskwthe

monetary cost of each network, C, is a flat rat&t expressed
in Euro/Kbyte. It is assumed that the flat ratergkd is known
in advance by the mobile user and does not chaegedntly

(i.e., on a daily or weekly basis) and definitelyl wot change
during a user-network session. The cost utility halsies in

the [0,1] interval, and no unit.

C. Proposed Adapt-or-Handover Algorithm

The need for battery efficient devices and integgtgiower
management tools represents a strong motivatigmdpose a
hybrid multimedia delivery Adapt-or-Handover sotuti The

on network conditions. This list of available netks

together with the obtainable quality levels are uinpnto

PoFANS. PoFANS will score each network - qualityele
combination. For instance, if there are M availahégtworks
and each network can deliver any of the N Qualitydls set
on the server, then the POFANS mechanism would Waué

options to choose from. The output from POFANS Wil a
ranked list of these MxN options. The option witie thighest
score is selected as the target network and queimsl. Once
Jack selects the target network,
mechanism will set the maximum quality level to girevided
target quality level. SAMMy works as previously deked.

the adaptive SAMMy
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The Adapt-or-Handover solution will decide to adaipe
multimedia stream only if the battery lifetime dfet mobile
device is less than the stream play-out durationvhich case,
the maximum quality level set by SAMMy will be deesed
by one.

A handover will only be triggered by the Adapt-or-

Handover solution, if the current quality levelasver than the
user's minimum acceptable level and the mobile cevias
enough battery lifetime to play the full stream,ifothe user
budget is running low so handover to a cheaper orétis
necessary. The user minimum acceptable quality et
level could be taken from a user profile modulegnated in
the mobile device.

If the device does not have enough battery lifetitoe
handover to a new network, then the handover isaiked and
energy conservation will get a higher priority. this case,
SAMMy will adapt the quality level so that the stre will
have enough battery to play until the end.

V. ADAPT-OR-HANDOVER —ALGORITHM

As mentioned, the Adapt-or-Handover solution batsnan
adaptive multimedia delivery (SAMMy) and networkesgion
(PoFANS) in order to improve energy conservatiothatend-
user mobile device. The pseudo-code of the decisioness
handled by the Adapt-or-Handover solution is désatiin
Algorithm 1.

VI. EXPERIMENTAL ENVIRONMENT AND RESULTS

A. Test-Bed Environment

This section investigates the energy consumptionaof
Android mobile device and the system efficiencysiwveral
video delivery scenarios over three different radiccess
technologies: IEEE 802.11g, UMTS and HSDPA.
previous work [34] we presented an in-depth studyow the
wireless link quality and the network load impdot tenergy

TABLE |. ENCODING SETTINGS FOR THEMULTIMEDIA LEVELS

Encoding Parameters

Quality Video Oyerall Resolution Frame Audio
Bitrate : Rate
Level Codec [Kbps] [pixels] [fps] Codec
QL1 H.264/ 1920 800x448 30
QL2 MPEG-4 960 512x288 25 A2A5C
QL3 AVC 480 320x176 20 Kbps
QL4 Baseline 240 320x176 15 8 KHz
QLs Profile 120 320x176 10
I >
‘
1‘\\
e X
i

. r .|‘= Multimedia
A o’ [ Internet Server
meteor

Figure 6. Cellular Test-Bed Setup [35]

and demonstrates the necessity of considering mietretated
parameters (e.g., link quality, network load, tggors protocol)
when designing energy-efficient video transmissiclhemes.

The WLAN-based test-bed is illustrated in Figure I5.
consists of: an IEEE 802.119/reless Routerunning on
channel 6 (freq. 2.437GHz), with no neighboringwurks
running on the same or adjacent channeMukimedia Server
used to stream different multimedia quality levets the
mobile device; a Traffic Generator used to generate
background traffic inside the wireless network;Natwork
Monitor integrating Wi-Spy DB% and AirPcap N% used in
order to monitor, capture, and analyze the traificthe
wireless network; aindroid Mobile Devicaised as the client
device and #ower Consumption Monitor

The Power Consumption Monitor incorporates an Andui
Duemilanové board connected to the Android mobile device
and a laptop that stores the energy measuremenfmva
application running on the laptop calculates theiaepower
consumption (using Ohm’s Law) based on the voltegjaes
sent by the Arduino board at a frequency of 1Hz.

Adobe Flash Media Servef #as employed for streaming
using the proprietary application level streamingtpcols
RTMP (TCP) and RTMFP (UDP). The Blender Foundasion’
10 minute long Big Buck Bunnyanimated clip was used for
testing. The video clip was encoded at five differquality

In our

1 Wi-Spy DBx - http://www.metageek.net/products/\pis
2 AirPcap Nx - http://www.metageek.net/products/edp/
SArduino  Duemilanove -http:/ /www.arduino.cc/en/Main/Ard

consumption of an Android device while performing- o0 uinoBoardDuemilanove

demand streaming over WLAN. The study offers adett

understanding of the device’s energy consumptioWhAN

“Adobe Flash Media Server - http://www.adobe.comodpcts/flash
mediaserver/
5 Big Buck Bunny - http://www.bigbuckbunny.org/



TABLE II. CELLULAR NETWORK CHARACTERISTICS

Operator Network Type Downlink Rate CID LAC MCC+MNC SS
02 HSDPA 7.2Mbps 2044411 3600¢ 2720z -95dBnr
eMobile UMTS 384kbp: 6090z 300¢ 27207 -73dBrr
Scenario 1 (No Load; Near-AP) Scenario 2 (Notoad, Far AP —__
5 Multimedia |5 - : L
Multimedia 3 "’e.p Server e @ S&e‘aﬂﬁlif"-—-_-ﬂ__
/ Server %e "‘__ Gk % / Internet { () —
AP Mobile AP Mobile
WLAN User WLAN ; Aser
___ IEEE802.11g __ IEEE802.11g ]
Scenario 3 (Load, Near AP) Scenario 4 (Load, Far AP)
Multimédia [ Multimedia [ = ===,
_Server ' &@%. ) Server L@ s&é‘iﬁfﬂiﬁ"- -
/ ( Internet < / |nternat S
Rz \ﬁ \é!
A - « Mobile
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802.11 WA o
EEES02.11g IEEE802.11g

Scenario EZ"H’EF}
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Multimedia Internet ’1\
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Figure 7. Considered Scenarios

levels, following the recommendations for encodatigs for

(e.g., UMTS maximum rate is 384kbps, versus thezaidy

multi-bitrate adaptive streamifigs illustrated in Table I. The 54Mbps for IEEE 802.11g). The quality levels représa

video play-out is scaled to the device screen wtisol. More
details on the WLAN test-bed can be found in [34].

The test-bed used for gathering the cellular nekvpmwer
measurements is illustrated in Figure 6. The tesi® run in
Ireland within the Dublin City University campusedide a
second floor window inside the Engineering buildimger the
cellular networks provided by two mobile internegngce
providers in Ireland: O2and eMobilé.

02 offers HSDPA services nationwide, and is onehef
leading mobile service providers in Ireland. eMebig new
onto the Irish market and offers UMTS services. Oae
network operator data security, obtaining exactwosk
related information (e.g. received throughput, mekwvload,
etc.) was not possible. The only information thatild be
gathered is the power consumption of the mobileicgeand
generic network information (i.e., network type, imaum
downlink rate, cell id (CID), location area codeAL), mobile
country code (MCC), mobile network code (MNC), sign
strength (SS)) provided by the Network Signal I&fiodroid
application and listed in Table II. Only three dualevels
were considered for cellular streaming due to thet that
cellular networks have lower transmission rates thaLAN

5Smooth Streaming Multi-Bitrate Calculator -
/WMV/MBRCalc.html

702 Ireland - http://www.o2online.ie/o2/

8 eMobile Ireland - http://www.emobile.ie/

httatékzam belli.com

subset of the five quality levels encoded for theAM test-
bed. The three quality levels were streamed to niodile
device over the cellular networks. Unfortunatelye tio2
network blocked streaming over UDP, and therefooald
only be tested for streaming over TCP. This wasthetcase
for eMobile, where both protocols were enabled fatidtests
took place.

B. Test Case Scenario

Five scenarios were considered as illustrated guriei 7 and
described below. In all the scenarios the Multime8erver
stores thefive ten-minute clipseach corresponding to a
different quality level as previously explained.€eThlips are
streamed sequentially to the Android mobile dewicer either
of two transport protocols (UDP and TCP).

1. Scenario 1 — No Load, Near AP
The first scenario considers the case of a molsié, docated
near the AP (approximately within 1m), without any
background traffic in the network, and where theereed
signal strength varies between -48dBm and -52dBm.

2. Scenario 2 — No Load, Far AP
In the second scenario the mobile user is locatedni area
with poor signal strength, varying between -78dBnd a
82dBm. The tests were run without any backgrouaficrin
the network in order to study the impact of thé lguality on
the energy consumption of the Android mobile device



TABLE lll. RESULTSSUMMARY FOR UDP V0D STREAMING IN THE

WIRELESSENVIRONMENT
WLAN
Scenariol Scenario 2 Scenario 3 Scenario 4
No Load, No Load, Load, Load,
Near AP Far AP Near AP Far AP
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
Energy Th. Energy Th. Energy Th. Energy Th.
[J] [Mbps] [J] [Mbps] [J] [Mbps] [J] [Mbps]
QL1 862 207 875 332 897 227 1300 1.32
QL2 610 105 628 157 657 118 826 1.02
QL3 50 05z 512 05¢ 53€ 0.65 667 0.4t
QL4 45¢ 0.2¢ 462 0.2¢€ 46€ 0.3¢ 512 0.3C
QL5 413 0.14 420 0.13 438 0.18 468 0.14
TABLE IV. SCENARIO5—UDPAND TCPVOD STREAMING
. Avg. Avg. Dis- Battery
QLuea\lllgly Energy Power charge Life Pla[l;/]o ut
[ [mW] [mAh] [hrs]
02 o QL3 85C 133C 64 3.7C 640
O QL4 728 1173 55 4.19 621
(HSDPA) = o5 60 1119 51 439 607
o QL3 747 125¢ 56 3.92 60C
g QL4 693 1160 52 4.24 600
eMobile QL5 663 1110 50 4.43 600
(UMTS) o QL3 737 1230 55 4.00 600
(';) QL4 647 107¢ 49 4.5€ 60C
QL5 602 100¢ 45 4.9C 60C

3. Scenario 3 — Load, Near AP
The third scenario is similar to the first, excép addition of
background traffic in order to load the networkisitused to
study the impact of network load on the energy aonsion of
the Android mobile device. The LANforge traffic gaator
was used to create 25 to 28 virtual wireless statieach
generating traffic as previously explained. Thiskgaound
traffic was located near the AP with signal stréngarying
between -28dBm and -32dBm.

4. Scenario 4 — Load, Far AP
Scenario 4 is similar to Scenario 2 except thatkgemnd
traffic was added as in Scenario 3 (Load, Near AR)this
way the impact of both poor link quality (-78dBm82dBm)
and network load, on the energy consumption ofAtheroid
mobile device can be studied.

5. Scenario 5 — Cellular
Scenario 5 considers the case of the mobile usdorpeéng
VoD over the cellular networks previously discussé€ap
(HSDPA) and eMobile (UMTS) networks. In this sceaahe
impact of the network technology on the energy oonsion
of the Android mobile device is studied.

C. Results

An in-depth study and a more detailed view of thsuits
within the wi-fi environment (Scenario 1 to Scepa#) are
presented in [34]. The study shows how the netwetited
parameters (e.g., link quality, location, and nekvéoad)
impact the power consumption of an Android Mobiévide. A

summary of the results is presented in Table léctEtest was

repeated three times and the average values wesideoed.
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Figure 8. Quality Utility — Validation [31]
TABLE V. OBJECTIVE AND SUBJECTIVERESULTS
Quality PSNR Subjective  Perceived Impairment
Level [dB] MOS Quality
QL1 - 4.84 Excellent Imperceptible
QL2 47 4.6: Excellen Imperceptibl
QL3 41 4.33 Good Perceptible but
not annoying
QL4 36 3.70 Good Perceptible but
not annoying
QL5 31 3.3¢ Fair Slightly annoying

device was measured while performing VoD Streanuagr
UDP for the different quality levels. The actualeeage
throughput (Avg. Th.) received by the mobile devare the
wireless network, was captured with Wireshark.

For Scenario 5, all the tests were performed withinmal
background activities as for WLAN, and with the eli#ss
interface disabled. The results are presented lieT [35].
It can be noticed that although O2 offers HSDPAKibps
theoretical data rate) which is an enhanced versfddMTS,
some video motion loss is experienced, with redruffy
periods representing 6% for QL3, 4% for QL4, and i
QL5, respectively. On the other hand, when stregnawer
UMTS (384kbps theoretical data rate) the play-susmooth
without interruptions and more energy efficient.

02 is one of the top mobile service providers ieldnd,
owning 32.6% of the total marRethile eMobile is new in the
market (Sept. 2010). A realistic assumption is ttiet O2
network has more customers sharing bandwidth ressur
This is reflected on the multimedia streams’ play-aduration.

D. Modeling the Quality Utility

One of the important aspects of the multimediaveeji is
user perceived quality. There are two methods whih be
used in order to assess video quality: objective subjective
methods. The most widely used objective metrichis full-
reference Peak Signal-to-Noise Ratio (PSNR). Ineortb
estimate the human perceived visual quality offdrgthe five

SEurope mobile network operators - http://en.wikipearg/wiki

The average energy consumption of the Android MDbiI/List_of_mobile_network_operators_of_Europe#lreland
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for Theeq (0.480Mbps). In this particular case the valugsofo
and B, after solving all the mathematical computationg ar
5.72 and 2.66, respectively. For any other choiteality
levels, the procedure of identifying the parametefsthe
quality utility function is similar.

VII. SIMULATION TESTINGENVIRONMENT

A. Enhanced Network Simulator

The simulation environment is based on the NS-2nvdit
Simulator (v2.33) [36]. The standard version of theutator
provides support for the simulation of differenbfarcols (e.g.,
UDP, TCP) over wired and wireless networks (e.g., IEEE
802.11b). In order to test the proposed solutioresptsic NS-

2 allinone v2.33 simulator was enhanced to create th
necessary heterogeneous environment and to simalgte
realistic an environment as possible.

For the WLAN environment, the No Ad Hoc (NOAH)
wireless routing agent [37] was integrated in ortterallow
direct communication between mobile users and tReoAly.
This NOAH package was updated to work with NS-2.33.

The standard version of NS-2 only supports the itimn
of 802.11b wireless channels, with no support foR.80g
included. The standard channel propagation modeliged
by the simulator does not consider the impact tdrfarence,
different thermal noises, or employed channel cgpdivhen
determining the correct reception of frames. Thmans that
the transmission range of a mobile node was modeléé the

encoding settings, the MSU Video Quality Measureme§ame regardless of the data transmission rate. ihisot

Tool*® was used for computing the objective PSNR values.

A subjective study was also conducted as presentg].
For this purpose, four 20 seconds long test se@semith
different spatial and temporal characteristics wexé&acted
from the original 10 minute long multimedia clip efch
quality level. A total number of 20 test sequenaese used
for the subjective study.

realistic for 802.11 WLANs. The wireless update patc
provided by Marco Fiore in [38] was used in ordeimiprove
the support for wireless communications scenaripsdding
realistic channel propagation, multi-rate transioissupport
and Adaptive Auto Rate Fallback (AARF) [39].

The NS-2 source code was modified in order to aghghert
for IEEE 802.11g. To obtain a more realistic behawabthe

The objective PSNR and the subjective MOS resuks alEEE 802.11g channel, the wireless update patchigedvby

listed in Table V together with the perceived qtyaland
impairment mapping. Figure 8 shows the relationftdpveen
the quality utility, received throughput (Qualityetels) and
MOS. The results obtained through subjective tgstor the
five quality levels, validate the choice of thersigd function.
The detailed validation and modeling of the qualitylity
function is presented in [31].

Based on the quality levels’ characteristics, thelity
utility is modeled as in equation (6).

0 , Th<0.120

-alTh? 6
u,(Thy={1-e#™ 0.120<=Th<1.920 )

1 , otherwise

Marco Fiore was extended, and the multi-rate trassion
support was updated for IEEE 802.11g.

In order to create a heterogeneous environment, the
EURANE patch [40] was used. EURANE adds the supfoort
the UMTS network and is available for NS-2.30. Ttech
was modified to work with NS-2.33. The wireless eomiment
in NS-2 uses hierarchical addressing, this enahkgitouping
of nodes into clusters and domains in the same asgaip the
Internet IP addressing. However the EURANE patch eom
with flat addressing making it incompatible to wavih other
IEEE 802.11g networks in a heterogeneous wirelesaasio.
For this reason EURANE was enhanced by adding stifimo
hierarchical addressing. The UMTS scenarios use sSomg
trace files that can be generated with Matlab. Traee files

where o and B are two positive parameters that arean be created for different realistic environmentsdifying

determined knowing that: (Ipr Thyay (1.920Mbps) the utility
has its maximum value (e.gmd= 0.99 in order to avoibh(0)
which is invalid); (2) the second order derivateugiequals 0

MSU Video Quality Measurement Tool - http://comsies.ru/video/
quality_measure/video_measurement_tool_en.html

some of the physical layer parameters, like: emvitent (e.g.,
rural, urban, hilly terrain, etc.), velocity of theohile user,
distance from the BS, duration of the simulation, &tte trace
files provide the BLER (Block Error Rate) valuesdaare
meant to create a more realistic simulation environment.
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Figure 11. Adapt or Handover Scenario

TABLE VI. ADAPT-OR-HANDOVER RESULTS COSTFUNCTION VS.

POFANS
WLAN2 WLAN3 UMTS
No Load, Far AP Load, Near AP e-Mobile Network
Cost porans _ COSt - porans _ COSt  popans
Function Function Function
QL1 -0.3929 0.444¢ -0.380¢ 0.396¢ N/A N/A
QL2 -0.208¢ 0.7005 -0.193: 0.680¢ N/A N/A
QL3 0.0313 0.5433 0.0494 0.5323 0.2208 0.3847
QL4 0.3147 0.3230 0.3346 0.3174 0.5285 0.2394
QL5 0.6264 0.1709 0.6474 0.1704 0.8544 0.1306

B. Models and Algorithms Integration

As mentioned previously the proposed overall sofutis
structured into three main componeiffy: the Power-Friendly
Access Network Selection Mechanism (PoFAN@)ich
performs the selection of the best value netwoased on user
preferences, application requirements, and networklitions;
(2) the Signal Strength-based Adaptive Multimed&liv@ry

Mechanism (SAMMyWwhich adapts the multimedia stream

based on network conditions in order to maintaioeptable
user perceived quality levelg3) the Adapt-or-Handover
mechanism which decides whether to adapt the medtian
stream or to handover to a new network in ordecanserve
the energy consumption of the mobile device.
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from the server. This SAMMy module sends feedbagorts
to the server containing: location information, keicloss
information, received signal strength, maximum amidimum
acceptable quality level (provided by the PoOFANSinie).

The server side is represented by a wired nodehhsita
single high bandwidth wired connection. The Gatewisy
represented by a node that connects the wired rletiwathe
wireless network. The SAMMy server side component
determines the quality level (based on the recefeedback)
that has to be delivered to the mobile client aher existing
connection. Note that in the simulation scenariudividual
simulations for each interface were conducted.

VIIl. TESTINGRESULTS ANDANALYSIS

In order to analyze the performance of the proposed
solutions, the scenario with Jack is employed adaétall the
business professional who accesses multimedia rootehis
daily walking commute with a number of networksitalde as
illustrated in Figure 10.

As Jack leaves his home he starts up a mobile mmediia
session. In this call initiation phase, the setectif an access
network is simple as there is only one availableNR@Ae.,
UMTS). As he moves further, he enters the covermrga of
another RAN (i.e., WLAN A). At Point A, Jack’s dee
should detect the second RAN and the possibilitgandover
from UMTS to WLAN A. The handover decision is made
according to the POFANS suggested solution, arid itery
likely that the multimedia session will transfer ttee WLAN
A. Once on the WLAN A Jack’s device may enable the
adaptation of the multimedia stream based on tlfferent
rates offered by the WLAN A network in his approactvards
and then away from the AP. The Signal Strengthdbase
Adaptive Multimedia Delivery mechanism copes withe t
wireless errors in order to maintain an acceptaber
perceived quality level for Jack’s multimedia seasi

By the time Jack enters the coverage area of WLANIS

The Adapt-or-Handover solution makes use of botfiobile device battery lifetime may be at risk. Ihigh case, he

PoFANS and SAMMy, and was deployed in
application containing both server-side and clEde
components.
integration within NS-2 is illustrated in Figure @s the
Adapt-or-Handover solution requires a multi-integamobile
node that can be connected to different wirelessarés (e.g.,
WLAN, UMTS), the standard implementation of the eléss
node in NS-2 had to be updated.

As shown in Figure 9, each interface (one for ezatiwork)
will use a separate transport agent for multimedidivery.
The transport agent from the client-side will beected to
its corresponding agent at the server side. Thepida
Handover mechanism will make use of POFANS in ottder
compute the score for each of the available netsvakd
determine the corresponding interface and the Idaitquality
level for video delivery. All the input data reqedt by
PoFANS is assumed to be available at the cliewt sid

The SAMMy-enabled multimedia application, at theermd
side, will make use of the transport agent anddtsesponding
connection in order to receive the adaptive multimeraffic

NS-2 as dfces the decision of whether it is better to addp

multimedia stream to a lower quality level or ithetter to

A schematic of the solution architectuhandover to a new network in order to completevigsving.

In this situation, the Adapt-or-Handover mechanisith help
Jack by taking the best decision.

A. Performance Analysis of Adapt-or-Handover (Point C)

At point C (Figure 11), Jack’s smartphone has aaehof
WLAN A, WLAN B, or the UMTS network. The decisiorab
to trade-off between energy efficiency, user peretiquality,
and playing out to the end of the clip within thettbry limit.
That is, is it better to adapt the multimedia owyato the
current RAN or to handover to a new network andsjig
quality level? In this situation, the Adapt-or-Hawer
mechanism will help Jack in taking the best deaisio

This section presents the analysis of the perfoomand the
Adapt-or-Handover solution in terms of energy édficy.
Two scenarios are considerddl) Critical Test-Case Scenario
— in which Jack’s mobile device is running out oftbey; (2)
Regular Test-Case Scenarie in which Jack has recently
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| Vidos ComiaT onitis simulations, it is assumed that a free networkéhasnor cost
eo Content on thel A
Multimedia Server of ¢=0.01 and therefor® ¢ = -4.6 As can be seen, the main
HEl s difference between the two approaches is the chuficeore
E""““mm and utility functions, Liu et al. making use of &ihmic
Bl oo s1200 functions and PoFANS makes use of the previousfinee
480Kps 320x176 utility functions. For the overall decision scoraétion, Cost
i Function C, follows the principle the smaller the better’,
while POFANS (equation (8)) follows the principtde larger
the better! In order to compare the two it is assumed Bat
can be linked to the received throughput &tb the energy
consumption (E), as described by equation (3) cti®e I1IB.

U, =u, ™ ™ 0, ™ @)

UMTS )

//" WLANZ

Figure 12. Adapt-or-Handover — Critical Test-Caserfario

. ‘ i i ' ' , where:U — overall score function for RAN ue, Uy, andu
i \ &B’;ﬁgg% | are the utility functions defined for energy, gtialn terms of
il | WLAN2 QL received bandwidth, and monetary cost for RAN
16| ‘l %ﬁg‘g’% e respectively. Alsone + Wy + W, = 1, wherewe, W, andw, are
| ‘,.‘ g%gg(éé 1 _the weights for the con_5|dered criteria, re_presgwtthe
2l : UTS aLe | importance of a parameter in the decision algorithm

The available three RANs used in the simulatiomages,
are set based on the information from the experaheest-
bed networks, that is;: WLAN1 — No Load, Near AP; N2
— No Load, Far AP; WLAN3 — Load, Near AP; WLAN4 —
Load, Far AP; UMTS — eMobile network. It is alssamed
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S N . L that WLANSs can provide any of the five quality lé&vdthree
all L 1 quality levels in case of UMTS) of the multimedilesam
W stored at the server side without difficulties.
Time (sec) Lo Stream Piaying Duration . . .
Figure 13. Stream Playing Duration for different @id networks 1) Critical TeSt'Ca,lse Scena”o - LOV\,’ Battery Lifetime
The sub-scenario with Jack at point C where hethae
TABLE VII. ADAPT-OR-HANDOVER COMPARISON OFSTREAM PLAYING available networks to choose from is illustratedrigure 12.
DURATIONS Assuming that Jack is willing to pay any amounthivit his
WLANZ WLAN3 UMTS budget limits, in order to ensure a good qualitgrgy trade-
No Load, Far AP Load, Near AP e-Mobile Network off, the weights for the three parameters arewsett= 0.5, w,
Stream Playing  Stream Playing Stream Playing = 0.5, w, = 0. This section assumes a critical scenario in which
Duration [min:sec] Duration [min:sec] Duration [min:sec] Jack’s mobile device is running low on battery. Tdadtery
QL1 4:57 4:51 N/A lifetime of his device is just enough to play fivénutes of the
QL2 G152 Sk R ten-minute QL1 video clip stored on the server, ideal
gti g;ig g;?g g;gg network conditions (e.g., No Load, Near AP - frohet
QL5 10:16 051 6:27 experimental test-bed). In this situation the éfficy of the

- - - - Adapt-or-Handover mechanism is analyzed.
pharged his battery, gpd mstea.ld' his full travelhp@analyzed The first step is for the network selection mechani
in terms of energy efficient decisions for the devi. POFANS, to select the best network and quality lleVae

The proposed Adapt-of-Handover solution is comparg@gyits of the POFANS mechanism in comparison thiehLiu
against the solution provided by Liu et al. [19h€eTreason for ot a1 Cost Functiofor a choice of WLAN 2. WLAN 3 and
using Liu's et al. solution as the comparison iatth also UMTS, are listed in Table VI. ’

represents an energy dependent solution, and @ssiie A5 seen in Table VI, POFANS will select QL2 WLAN2
same main parameters: available bandwidth, monet@sy, \ynile Liu et al. Cost Function, will select QL1 WIN.

and the power consumption. This enables a fair @i  gecayse the solution provided by Liu et al. Coshdeon,
between the two schemes. Liu et al. propose theae&SAW  qoes not provide a dual adaptation approach (n&twor
function (Cost Functiol) given in equation (7). selection and video delivery adaptation), afterkibst network
C =wgln 1, w,InP+w_.Inc (7) is selected the session is transferred at the suoraling
B quality level (i.e. QL1).
where B represents the available bandwidkh represents helnb:ahsei Cﬁzﬁt OerI\D/ZIF Q‘r']\l dshgtnwrgflflc?(t)?‘:l)éiigzrorghe Sm?_?{
the consumed power, aedepresents the monetary cost. Not an dove? alggrithm kicks in by checking if, ‘!tlmm;)ttery
that when the monetary cost is zero (free netwtivéhln ¢ = N . ) X .
-o0. In order to allow forythe Cost Funf:timmputatiop:\ in the Lifetime of the mobile device will meet thstream Playing
' Duration. If the battery will not last at the current qipalievel,
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the energy conservation gets higher priority oherduality so
that the device’s battery lifetime will last longg@deally until
the end of the multimedia playout). The adaptiveleui

battery duration for play-out at QL1 near the AHRthwno
background traffic, is taken as a reference. Fig@dlustrates
the throughput (quality level) for each situatiomith the

delivery mechanism, SAMMy, is employed to reduce ththroughput falling to zero when the device runs aubattery.

current video quality level to a suitable qualityél which will
consume less battery power and offer the closetierpa
duration (preferably in excess of the stream platyeluration).
In the particular case of Jack's mobile having ofile
minutes battery charge left for a ten minute vidd@®am at
QL1, the Adapt-or-Handover mechanism will adaptdhality
level such that the Jack’s smartphone’s batteefitife will be
last for the full stream play-out duration, QL5tlvs case.
Figure 1 3 and Table XV illustrate the remainingtéry
lifetime for each of the quality levels in eachwetk. The
results are estimated based on the results obtdmetie
previously described real experimental test-bedates. The

The results show that Jack will be able to finishtahing the
multimedia stream only when transmitting at QL3NLAN2.
By employing the Liu et al. Cost Function the mukidia will
be streamed at QL1 on WLAN 2. As seen in Table Milthis
situation Jack’s mobile device battery lifetimelwihly last for
4:57 minutes, so Jack can watch less than halfeo€lip.

From Table VII it can be seen that, by employimg t
adaptation mechanism (SAMMy) in this situation, thaapt-
or-Handover solution, will more than double the téigt
lifetime of Jack’s mobile device in comparison wilte Liu et
al. Cost Function-based solution.
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TABLE VIII. ENERGY-QUALITY TRADE-OFFRESULTS COSTFUNCTION VS. POFANS

WLAN1 WLAN2 WLAN3 WLAN4 UMTS
No Load, Near AP No Load, Far AP Load, Near AP Load, Far AP e-Mobile Network
Cost — poraANs Cost POFANS (G POFANS Cost POFANS (Sle POFANS
Function Function Function Function Function

QL1 -0.4005 0.4706 -0.3929 0.4445  -0.3805 0.3968 -0.1950 0 N/A N/A
QL2 -0.2166 0.7103 -0.2088 0.7005 -0.1933 0.6804 -0.1375 0.5960 N/A N/A
QL3 0.023: 0.548( 0.031: 0.543: 0.049¢ 0.532: 0.103: 0.4957 0.2208 0.384"
QL4 0.306¢ 0.325: 0.3147 0.323( 0.334¢ 0.317¢ 0.358( 0.310¢ 0.528¢ 0.239¢
QL5 0.6180 0.1709 0.6264 0.1709 0.6474 0.1704 0.6805 0.1656 0.8544 0.1306

2) Regular Test-Case Scenario

Adapt-or-Handover mechanism will trigger POFANS, icth

This section analyzes the performance of the pmgboswill result in a handover to WLAN B (corresponditm QL2-

Adapt-or-Handover solution in terms of energy edficy,
over Jack’s full travel path (from Home to Officé).this case
the mobile battery is considered to be chargedvaitable to
last the journey. The Adapt-or-Handover solutiocasnpared
against the Liu et al. Cost Function-based soluttégure 14
and Figure 15 illustrate the received throughput te energy
consumption of Jack’s mobile device, respectivelhe
weights for the three parameters amge= 0.5, wy = 0.5, w,
0. A weight for quality of 0.5 will result in minimum
acceptable video quality above QLA4.

In both Figure 14 and Figure 15 WLAN A is not leald
whereas WLAN B is loaded. The results provided abl€
VIIl, considers the measurements from the testfbedll five
experimental network scenarios. For example, WLAN
incorporates WLAN2 (No Load, Far AP) when Jacloisated
far from the AP, and WLAN1 (No Load, Near AP) asduoes
towards the AP. The same applies for WLAN B (WLAN3
Load, Near AP and WLAN 4 — Load, Far AP). Thesecatp
were considered when computing the energy consomifioir
this scenario. The network conditions from the eixpental
test-bed for all five networks were modeled in tN&-2
simulator. In this scenario, initially Jack receswadeo at QL3
over the UMTS network, and as he walks furtherehiers the
coverage area of WLAN A (with no load).

The Liu et al. Cost Function performs a handoveNioAN

WLAN3) since Area 3 of WLAN A is not acceptableterms
of quality. Once Jack moves away from the WLAN B,AP
SAMMy will adapt the multimedia stream to a loweratjty
level (corresponding to QL3-WLAN4), and when leayirea

2 of WLAN B, PoFANS will decide to handover to tbTS
network (since QL4 in Area 3 of WLAN B is not a taable
option).

The Liu et al. Cost Function has three handoveisaet
points, when entering and leaving the coverage afea AP,
only. It does not take any adaptation decisiontesasmits the
highest video quality level at all times.

The average throughput and average energy consampti
for both Adapt-or-Handover solution and Liu et &ost
Aunction —base solution, in this scenario, aredish Table
IX. It can be seen how Jack, by using the Adapttandover
solution, can reduce the energy consumption ofnhidile
device by 31% in comparison with when the Liu eGast

Function is employed. Note that the cost of haedan
terms of energy consumption has been neglectedhig t
scenario. However it does not have any impact ia th
comparison of the methods as both methods havesghe
number of handover executions.

B. Energy-Quality-Cost Trade-off
In order to analyze the energy-quality-cost tratfeteo

A (corresponding to QL1 — WLAN2) whereas Adapt-oradditional scenarios were considered: iiigh budget user

Handover solution decides to stay in UMTS. Thibégause,
Jack would be located in an area with poor sigtr@ngth
within WLAN A (Area 3, far from AP), meaning thaA$IMy

could provide QL4 as the maximum QL in that arehictv is
not acceptable for Jack who prefers a video qualitgve or
equal to QL3. As soon as Jack enters Area 2 of WIAAkhe
maximum QL of SAMMy increases to QL3, and the Adapt

case- where Jack cares most about his quality andggner
usage and he is willing to pay a certain amountlewhi
maintaining a balance between the quality levdiisfreceived
content, and the resulting energy consumption. Thhs
weights for the three parameters are selected :tovbe 0.4,
w, = 0.4, and w= 0.2; (2)low budget user case where Jack
cares most about his budget and uses the followieight

Handover mechanism will handover. A smooth handawer distribution we = 0.1, wg = 0.1, and wc = 0.8.

WLAN A (corresponding to QL3- WLAN2) is assumed.

Consider Jack with the same choice of three netsvaik

Moving near the AP, SAMMy will adapt to the betterbefore: WLANZ — No Load, Far AP, WLAN3 — Load, Near

conditions available and stream at QL2. QL2 isrttaimum
quality level that Jack could receive as decidedPbyFANS
(see Table VIII).

AP, and UMTS. For testing, the network costs are ase
WLAN2 - 0.2 cents per unit of data, WLAN3 - freet4spot,
and UMTS — 0.9 cents per unit of data. The redaltshe two

When Jack leaves the Area 0-1 near the AP and esos§/Ser case scenarios are presented in Table X.

back into Area 2 of WLAN A, SAMMy will adopt a lowe
quality level (corresponding to QL3-WLANZ2). Noteattsince
WLAN B is loaded, Adapt-or-Handover will detectghiith
Area 3 and Area 2 on WLAN B having lower selectsmores
than the WLAN A areas 0-2. On leaving WLAN A AreatRe

For the first high budget user case, with PoOFANSbéd
on Jack’'s mobile device, he will end-up selecting2Qon
WLANZ2. If the Liu et al. Cost Function had beenuise, then
Jack would end-up with QL1 on WLANS3. It can be sd¢lest
the Liu et al. Cost Function selects the highestlijulevel



TABLE IX. REGULAR TEST-CASE SCENARIO— JACKS'FULL TRAVEL PATH

RESULTS
Average Average Energy
Solution Throughput  Consumption
[Kbps] [Joule]
AR 740 610
Handover
Liu et aI._ Cost 1710 891
Function

TABLE X. RESULTS COSTFUNCTION vS. POFANS

WLAN2 WLAN3 UMTS
No Load, Far AP Load, Near AP  e-Mobile Network
Cost porans _ €0t porans _ €Ot porans
Function Function Function
QL1 -0.6362 0.5119 -1.2244 0.4774 N/A N/A
- EQLZ -0.4889 0.7365 -1.0746 0.7349 N/A N/A
-é"‘gQL:% -0.296¢ 0.601( -0.880t  0.603¢ 0.155¢ 0.413:
aQL4 -0.0701 0.396¢ -0.652¢ 0.399! 0.4017 0.282%
QL5 0.1792 0.2382 -0.4021 0.2427 0.6625 0.1741
QL1 -1.3661 0.7816 -3.7561 0.8312 N/A N/A
. ‘SQLZ -1.329: 0.856( -3.7187  0.9259 N/A N/A
& ‘gQL3 -1.281: 0.813¢ -3.670. 0.881f -0.040: 0.512(
aQL4 -1.2246 0.7332 -3.6131 0.7949 0.0214 0.4657
QL5 -1.1623 0.6455 -3.5505 0.7019 0.0866 0.4126

(QL1), which in terms of energy conservation is tiest
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IX. CONCLUSION AND FUTURE WORK

With the rapid growth in the multimedia traffic, autive
multimedia streaming solutions have become commotiné
Internet video world in order to enable videos lmypsmoothly
as network bandwidth fluctuates. Moreover with itt@easing
number of mobile users and their bandwidth demametsyork
selection solutions will be part of the next-getiera of
wireless multimedia networks. This paper proposésytaid
multimedia delivery solution, Adapt-or-Handover wini
performs an energy-quality-cost trade-off by emjpigya
combined adaptive multimedia delivery mechanismkingy in
harmony with a network selection solution. The Asap
Handover solution makes use of user preferencestitm-
based and network related information in order &xide
whether to adapt multimedia delivery or handoveratoew
network.

The Adapt-or-Handover solution was analyzed in teph
energy efficiency and compared against anothertisaluhat
considers energy, proposed by Liu et al. [19] afdrred to as
Liu et al. Cost Function. Two sub-scenarios weres@tered:
(1) a critical test case scenario in which thedrgttifetime of
the mobile device is running low, and (2) a regué&st case
scenario that combines the use of POFANS and SAMIVig.
Adapt-or-Handover represents a dual-adaptationtiealdhat
makes use of POFANS and SAMMy, whereas the Liul.et a

power consuming, while POFANS selects QL2 (WLANZ}- ot Finction only performs network selection. Beeefit of

achieving a 30% decrease in energy consumptionapared
to QL1 (WLANL1).

In terms of the cost parameter, POFANS first chagc@L2
from the paid network (WLAN2) followed by QL2 fromhe
free loaded network (WLANS3). By selecting QL2 prded by
WLAN2 Jack achieves 5% energy savings, when condpar
with QL2 from WLANS. If Jack’s mobile device wasqred
to choose QL1, then the device would select thd patwork
over the free network. This is because for payingnall
amount (0.2 cents per unit of data) Jack will gebedter
received quality (over the free loaded network) amergy
savings (2.5%). For the lower quality levels (QLBEY Jack
willingness to pay is lower and thus POFANS willest the
free network for these levels. Looking at the ressprovided
by the Liu et al. Cost Function, QL1 is the firdtoice
followed by QL2-4 on the free network (WLAN3), QLlgh
WLAN?2 is the 6th choice. The Liu et al. selectiamdtion is
not willing to accept a small cost in order to sanergy and
improve the quality level, it is only when the qgtalevel is
really beyond QL4 that this selection function veiticept cost
and select QL1 on WLAN2.

In the low budget user case it can be seen thdtithet al.
Cost Function again selects the highest qualitgllen the free
WLANS3, whereas POFANS also takes the no cost optibn
WLANS3 but finds a trade-off between quality and mgyeby
selecting QL2. While both solutions select the frestwork,
the benefit that Jack gets by using POFANS vs.dtial. Cost

combining POFANS and SAMMy into the Adapt-or-Handov
solution has been analyzed. The results for the §icenario
have shown that the Adapt-or-Handover solution ioarease
the battery lifetime of the mobile device up to ¥22in
gomparison with Liu et al. Cost Function, when ¢desng a
critical scenario in which the battery lifetime as risk. In a
regular scenario the Adapt-or-Handover solutionladaoeach
up to 31% energy savings in comparison with the éfiLal.
Cost Function.

This paper demonstrates the efficiency of the psedo
combined mechanism and shows the necessity of such
solution in real world scenarios. Nowadays netwaplerators
consider that if they offer high throughput thattianslated
into satisfied users. However, as shown here exuell
perceived quality of service does not always refsaih a high
throughput especially when the battery is low, andjood
trade-off between quality and energy is neededriternoto
keep the user satisfied. Network operators neeihtagrate
adaptive mechanisms in order to cater for the peeferences
and enable a good balance between energy andyqualit

In terms of future work, additional parameters and
improvements could be integrated into the currehiten in
order to enhance the mobile user experience. Riftestudies
have shown that the overall user experience magfieeted
by a wide range of factors, such as: Operator -sidening

Function is a 26.6% decrease in energy consumptiéwfere”t pricing models for various class of seed, this can

(according to Table Il1), while still maintainingraExcellent’
guality level for the delivered content.

be achieved by predicting the economic behaviothefuser
[43] and by taking into account the user attituoeards risk
[43] while performing service delivery; Connectior



considering the impact of the connection environmen

service delivery and user satisfaction, e.g., teeup of the
connection, signal strength, reliability, coveragea, network
conditions [34], wireless technology [35] etc.; DevType —
considering the impact of the various access de\i¢g] on
service delivery and user satisfaction, e.g., vericanges of
operating systems, capabilities, battery level,ilfanty, etc.;

Application — considering the impact of differemintent, tasks
on service delivery and user satisfaction [46],evgleo call,
text/SMS, chat, online shopping, streaming, sdci@raction,
entertainment, etc.; Activity/Mobility — considegrthe impact
of different user locations and environments (nfgjsiet) on
the service delivery [47] e.g., airport, on theestr coffee
shop, office, at home, etc.
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