Energy Consumption Analysis of Video Streaming to

Android Mobile Devices

Ramona TrestidnArghir-Nicolae Moldovafi Olga Ormond Gabriel-Miro Munteah Member, |EEE

'performance Engineering Laboratory, School of Etett
Engineering, Dublin City University, Ireland
{ramona, ormondo, munteang}@eeng.dcu.ie

?School of Computing, National College of Ireland,
Dublin, Ireland
amoldovan@stundet.ncirl.ie

Abstract—Energy conservation has become a critical issue The Wi-Fi offload solution is already adopted byrpaervice

around the world. In smart phones, battery power apabilities
are not keeping up with the advances in other teclologies (e.g.,
processing and memory) and are rapidly becoming aoacern,
especially in view of the growth in usage of energiyungry mobile
multimedia streaming. The deficiency in battery pover and the
need for reduced energy consumption provides motiven for
researchers to develop energy efficient techniques order to
manage the power consumption in next-generation wéless
networks. As there is little analysis in the literture on the
relationship between the wireless environment andhe mobile
device energy consumption, this paper investigatebe impact of
network-related factors (e.g., network load and sigal quality
level) on the power consumption of the mobile dewcin the
context of video delivery. This paper analyzes theenergy
consumption of an Android device and the efficiencyof the
system in several scenarios while performing videdelivery (over
UDP or TCP) on an IEEE 802.11g network. The resultshow that
the network load and the signal quality level havea combined
significant impact on the energy consumption. Thisnalysis can
be further used when proposing energy efficient adsive
multimedia and handover mechanisms.

Keywords—mobile device energy consumption; multinaed
streaming; wireless networks.

. INTRODUCTION

providers, (e.g., Deutsche Telekom and iPass lathaNiFi
Mobilize'). This solution enables transfer of some traffinf
the core cellular network to WiFi at peak times.this way
users can avail of a wider service offering. Howeube
overall experience is still far from optimal as yding high
quality mobile video services with QoS (Quality $érvice)
provisioning over resource-constrained wirelesswaogkts
remains a challenge. Moreover user mobility, asl aelthe
heterogeneity of mobile devices (e.g., differenteraging
systems, display size, CPU capabilities, battenyitditions,
etc.), and the wide range of the video-centric iappibns (e.g.,
VoD (Video On Demand), video games, live video atning,
video conferences, surveillance, etc.) opens upl#meand for
user-centric  solutions that adapt the applicatian the
underlying network conditions and device charasties. In
this context, adaptive multimedia streaming reprsseone
possible solution. For example, Apple HTTP liveeatning,
Microsoft IIS server, Adobe Dynamic Streaming, aldamai
HD Video Streaming employ a stream-switching teghaiin
which a server stores the video content at diffeigurelity
levels and switches between the streams based ient cl
feedback (e.g., available bandwidth) dynamicallyimaéning
the user perceived quality at high levels.

Lately, smart mobile computing devices have become |n terms of energy conservation, ICT (Informationda

increasingly affordable and powerful, leading tgignificant
growth in both the number of advanced mobile userstheir
bandwidth demands. According to Cisco, the mobi&ad
traffic generated by these high-end devices is &®peto reach
6.3 exabytes per month by 2015, increasing 264fith the
2010 level of data use [1]. Driven by the growirapplarity of
websites and applications including video-sharing.g.(
YouTube, Vimeo, etc.), social networks (e.g. Faoého
Twitter, etc.), mobile IPTV, video-conferencingcetvideo-
based applications have seen the highest grow¢hafagny
application category. Video content is expecteddoount for
two-thirds of global mobile data traffic by 2015.[1

The continued growth of video content creates ehgks for
network service providers in ensuring a seamleskimadia
experience at high quality levels to the end-u€ere possible
solution to deal with this explosion of mobile bdband data is
to use Wi-Fi offload. WLAN networks have had an ortant
impact in the area of mobile communications and thee has
grown significantly in recent years (e.g., extendederage,
low-latency, power-efficient connection, reducedds, etc.).
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Communications Technologies) are seen as partdddhution
(e.g., video-conferencing) in order to reduce therban
footprints, but ICT itself needs to become more rgne
efficient. For example the EU Commission is pushimglCT
to reduce its own carbon footprint by 20% by 20Mis makes
the understanding of the power consumption to ke afnthe
key challenges in the next generation mobile muata
networks in order to provide efficient power mamagat. In
this context, the battery life of the mobile devisethe key
component that consumers and producers alike cargt m
about. Handsets are used as mobile work and dntedat
centres, for communications, listening to musidfradaking
photos, GPS services, playing games, using any hef t
available 500,000 mobile apgpon the market, and for
multimedia playback/streaming. This places addéiostrain
on a battery that users expect to last at leagtl ady without
recharging. Moreover, for the latest mobile devigeg. iPhone
4), which merely last for several hours of intensage such as
video streaming [2], the short battery life représeone of the
biggest factors contributing to users dissatistex{i3]. In the
absence of battery improvements suitable to meegtbwing
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demand for power-hungry applications, mobile usecuire
better power and battery management techniqueacteadse
their battery performance. These energy-efficiahhiques

The authors conclude that alternating availablearalailable
intervals can provide an efficient and basic poweawing
method. However, by doing this, extra power congionpwill

should manage and reduce power consumption whille stbe spent on activating and deactivating componeststhe

meeting user’s quality of experience expectations.

This paper investigates the relationship betweentineless
environment and the energy consumption of the raaévice
in the context of video delivery. It representsirdepth study
on how the wireless link quality and the networkddampact
the energy consumption of an Android device whi

number of mode changes needs to be kept low.

Li et al. in [6] propose joint optimization of videcoder
parameters, channel coder, and transmit power dkeroto
minimize the power consumption in video transmissibheir
results indicate that when transmitting over a slading

lewireless channel, the solution is very efficient aaffective in

performing on-demand streaming over an |IEEE 802.11¢erms of energy-efficiency. The consideration ofrenealistic

network. The study offers a better understanding trod
device’s energy consumption and demonstrates ttesaity of
considering network-related parameters (e.g., lokality,
network load) when designing energy-efficient wésd video
transmission schemes. It also highlights energingavenefits
brought by the use of an adaptive multimedia meshan

The increase in popularity of the new smart devarestheir
applications, has determined a trend towards mobders
demanding more interactive and personalized mutlime
services with high performance. It is known thaaldtéme
applications, and in particular the ones based aitinmedia,
have strict QoS requirements, but they are alsonibet power-
consumind. In this context, one of the main impediments
progress is the battery lifetime of the mobile devi

Energy conservation has become a critical issuenardhe
world and presents motivation for researchers tpgse and
develop energy efficient techniques in order to agenthe
power consumption in next-generation wireless mmddia
networks. Zhang et al. in [4] present a survey loa tecent
major advances in power-aware multimedia. The rfains of
the survey is on video coding and video deliverye Ruthors
identify the main challenges that come when desigenergy
efficient mobile multimedia communication devicess: 1)
real-time multimedia is delay-sensitive and bandkvidtense
making it also the most power consuming applicat®nthe
radio frequency environment is changing dynamicaller
time and space, 3) the diversity of mobile devieed their
capabilities, 4) the video quality does not presantinear
increase with the increase in complexity, and % ltattery
discharge behavior is nonlinear. The authors caecthat due

RELATED WORKS

to the dynamics involved, enabling power-aware meobi

multimedia is extremely challenging. Many tradeoffise
involved in the process, for example using high paession
techniques to reduce the amount of data to beritesl and
therefore the energy involved in data delivery, iigher
compression involves higher computation both atctleat and
the server, and therefore increased battery usage.

A state-of-the-art power management method for -next

generation wireless networks with a focus on opmranodes
(e.g., sleep, idle, etc.) is presented by Kim et[3]. The
authors provide a technical overview of power managnt in
IEEE 802.16m and 3GPP LTE. 802.16m provides advhn
power saving mechanisms based on enhanced version

legacy IEEE 802.16 sleep and idle modes. Whereag L

adopts a discontinuous reception mechanism for psesxng.

Swww.wallstreetandtech.com

channel models is part of their future work.
A study on the energy consumption of YouTube in ieob
devices was carried out by Xiao et al. [7]. Thehatd
measured the energy consumption of a Nokia S60 lenobi
phone for three different use cases (progressiweniad,
download-and-play, and local playback) and for tacress
network technologies (WCDMA and WLAN). Even thouble
results show that the WCDMA network consumes moergy
than WLAN, they do not consider the impact of flating
network bandwidth nor the quality of the video.
Perrucci et al. [8] investigate the energy consumnpof a
Nokia N95 while performing VolP. The authors propdbe
use of a lower energy consumption interface (&&M) as a
signaling channel to wake up the WLAN interface amad the
ofVoIP service. The authors argue that by using tla&eaup
signals the energy consumption can be reducediseymtly in
a VolP scenario. The use of sleep and wake-up st¢®eds
used by Namboodiri et al. [9] for energy savingingirvVolP
calls. The authors propose a GreenCall algoritrahkbeps the
WLAN interface of a laptop in sleep mode for sigraht
periods during the VolIP calls. The maximum delaat th user
can tolerate during a call is used to compute epsperiods.
Despite the amount of research done in the aremefgy

conservation, not much focus has been placed omibact of
the multimedia communication environment (e.gk lqquality,
location, technology, network load, etc.) on theergy
consumption. In this paper we conducted a measureme
analysis with the main goals:

» Understanding thenergy-quality tradeoff ;

» Understanding the impact of thmansport protocol (TCP or

UDP) on the energy consumption for VoD over WLAN;

« Understanding the impact of thiek quality on the energy
consumption for VoD over WLAN;

« Understanding the impact of thetwork load on the energy
consumption for VoD over WLAN,;

« Understanding the impact of badiimk quality and network
load on the energy consumption for VoD over WLAN,;

Ill.  EXPERIMENTAL TEST-BED SETUP

This section presents the measurement environretug,sas
illustrated in Fig. 1, consisting of: a Wirelessfuter, a
Traffic Generator, a Multimedia Server, a Networkritor, an
Android Mobile Device, and a Power Consumption Mamni

ce :
s A Wireless Network Environment

A Belkin N Wireless Router was configured for IEEE
802.11g mode, running on channel 6 (freq. 2.437GWith no

other local networks running on the same or adjackannel.



Wi-Spy DBx USB spectrum analyzer from MetaGeelgether
with the accompanying Chanalyzer 4 software (rugrn the
Network Monitor station), were used for monitorirthe
surrounding wireless networks and interferencel¢éeve
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Figure 1. Test-bed

To reduce interference, the tests were run in gseiment of
a building where a lower number of wireless netwowere
within range. Fig. 2 illustrates the 2.4 GHz bamd tivo
situations: when no traffic is generated in thesfTenetwork,
and when the network is loaded. As shown in Figh&,other
wireless networks in range are running on diffef@md non-
adjacent) channels, so interference is kept atamim.

(b)
Figure 2. Chanalyzer 4 screenshots illustratingnthieless environment:  (
no traffic generated in the test network; (b) th&t hetwork is loaded with 20
21 Mbps of background traffic.

In order to better understand what exactly is hapmein
the network, the traffic was captured with the helAirPcap
Nx (from MetaGeek) that includes WireShark 1.4.8 &nifi
Pilot 2.4 software (runing on the Network Monitdatson).
The goal of the network traffic analysis is: to ritonthe on-
demand video streaming (e.g. received
retransmissions vs. normal traffic, etc.), and tmlge-check
that the background traffic is generated propeylyHe virtual
stations created using the traffic generator.

B. Background Traffic Generation
Background traffic was generated in order to asshe

impact of network load on the mobile device energy.
consumption. The traffic generator used was a CT52

LANforge-WiFIRE 802.11a/b/g from Candela Technoksji
which enables creation of up to 32 virtual statiofitie

4 www.metageek.net
° www.candelatech.com

background traffic was selected based on the ¢raffi
estimations provided by Cisco in [1] and by Plum&dting

in a report for Ericsson and Qualcomm. Accordingthem,
over the next five years the ratio of downlink (Do) uplink
(UL) traffic will rise to 10:1, while the video tfic is
expected to reach 66% of the total mobile traffibus, the
choice on the background traffic is based on tredfi¢r
forecast for 2015 and is listed in Table I. In thigy we create
a more realistic environment and we can analyzet viha
expect in terms of network conditions over the riwe years.

In order to load the IEEE 802.11g network, we first
measured the available bandwidth using JperServer mode
at the Server side, together with Iperf for AndraidClient
mode on the mobile device. Iperf measures the aail
bandwidth between two end points by generating gitodiffic
into the network. In order to obtain accurate rssuwve took
ten Iperf readings at 30 — 50s intervals betweeaings and
computed the average available bandwidth which wake
range of 21-23Mbps. Based on these measurements we
selected the traffic load of the network in the garof 20-
21Mbps and the traffic type according to TableHeThumber
of wireless clients generating background trafféc im the
range of 25-28 clients, located near the AP with 8ignal
Strength (SS) between -25dBm and -35dBm. Video here
represents traditional video traffic over UDP wihta rates
0.25-2Mbps and a packet size of 1514bytes. Ther othffic
represents web-browsing/e-mail, and file sharing, & is
TCP traffic with data rates 0.25- 1Mbps and packee in the
range 300-1514bytes.

TABLE |I. BACKGROUND TRAFFIC

Type | % Traffic Cisco 2015/ % downlink |% uplink
Video 66% 98% 2%
Other 34% 76% 24%

The traffic generated by the Android Mobile Devicalls
into the downlink video traffic category. As ther@sponding
traffic data rate changes according to the videalityulevel,
we change the background traffic in order to mamnthe
same percentage (66%) in all scenarios.

C. Multimedia Encoding and Sreaming

The Blender Foundation’s 10 minute long Big BucknBy
animated clip was used for testing. A high qualigysion of
the clip was transcoded at five different qualitgvéls,
following recommendations for encoding clips for Itihu
bitrate adaptive streamihgrhe encoding characteristics of the
five test sequences are presented in Table Il. 4\Beg-4
AVC video compression and AAC audio compressionewer

throughputysed together with the mp4 format. The highestlutism was

selected as 800x448 pixels to fit the screen réisolof the
Android device (800x480 pixels), while maintainirte
original aspect ratio of the multimedia clip (16:9he video
frame rate was decreased from 30fps (QL1) to 10@s5).
The overall bitrate was decreased by half betwessecutive
quality levels starting from 1920 Kbps (QL1). Thestt

(s)equences were streamed to the Android devicebmtbrTCP

Swww.plumconsulting.co.uk
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and UDP transport protocols. Adobe Flash Media &e#/
was used for streaming the videos using the prigpgie

multimedia applications were followed as in [11]heT
Absolute Category Rating (ACR) [11] method was used

application level streaming protocols RTMP (TCP)dan where the subjects had to individually rate theliguaf each
RTMFP (UDP). The streams were embedded in web pagegquence on a 5-point scale (e.g., 1-Bad, 2-Poéqir3 4-

and were played back on the device using Adobe E@&gh
Player inside the Android native web browser. Thikewo play-
out is scaled to the device screen resolution.

TABLE Il. ENCODING SETTINGS FOR THEMULTIMEDIA TEST SEQUENCES

Quiality Video |Overall Bitrate | Resolution | Frame Rate| Audio
Level Codec [Kbps] [pixels] [fps] Codec
QL1 H.264/ 192( 800x44¢ 30 AAC
QL2 MPEG-4 96( 512x28t 25 o5
QL3 AVC 480 320x176 20 Kbps
QL4 Baseline 240 320x176 15 8 KHz
QL5 Profile 120 320x176 10

D. Objective Quality Assessement

Since video quality is an important aspect of rmailia
delivery, Peak Signal-to-Noise Ratio (PSNR), a-faference
objective metric, was measured in order to estirttaehuman
perceived visual quality offered by the five encaisettings
used. MSU Video Quality Measurement Tdaoftware was
used for computing the objective quality values.NRSis
measured by comparing the quality of the degradedians
(QL2 to QL5) with respect to that of the highestalify
sequence (QL1). Since this is done on a pixel-bglpbasis,
all the clips were scaled to the same video resmiuand
video frame rate. Although employing the scalinggass is
not ideal, by computing PSNR one gets a good idethe
human perceived quality levels for these video saqes.

E. Subjective Quality Assessement
Since objective metrics do not always correlatehvitie
subjective scores, a subjective study was also waiad in
order to assess how human subjects perceive thigyqpfahe
multimedia clip encoded at five quality levels gdomsly
selected (see Table Il). Four 20 seconds long seggewith
different spatial and temporal characteristics wexé&acted
from the original 10 minute long clip. Representatirames
of the four sequences are presented in Fig. 3.akse oof
sequence A the camera pans slowly over a natundstape
scene, thus the sequence presents a medium lewsgdatigl
information and a low level of temporal information
Sequence B is the most complex to encode. It ptedast
changing scenes with dynamic elements as well ascters,
thus having the highest levels of spatial and tealpo
complexity. Sequence C is especially difficult teede at low
resolutions due to the small moving details represkby the
closing credits. Sequence D presents two charactem
which only one is slowly moving across the scemeadstatic
background. Therefore the scene has the lowedtdégpatial
information. Each of the four sequences was encadetie
five quality levels, resulting in a total number @0 test
sequences for the subjective study. The test seqaewere
played locally in full screen on the Nexus One Andr
device, and displayed in a random order, maintgirsimilar
testing conditions for all the participants. Staida
recommendations for assessing the visual

10 Adobe Flash Media Server
1 MSU Video Quality Measurement Tool

quality of

Good, 5-Excellent). A number of 16 (M=10, F=6) rexpert
subjects with ages between 22 and 45 years old AYS,
STDEV=6) participated in the study. All the subgdtave
reported that they had normal vision or had coeecto
normal vision (they were wearing glasses).

> = o va
b) Sequence B

&
c) Sequence C d) Sequence D
Figure 3. Test Sequences Used for the SubjectivdySt

F. Energy Measurement

A HTC Google Nexus One smartphone running Android
2.3.4 was selected as the client Mobile Device. rAid
Mobile Devices have rapidly grown in popularity ovine
recent years, reaching nearly 50% of the globalrgrhane
market by the latest estimates [10]. As opposedodttwer
smartphones, in particular to iPhone, it has theaathge of a
user replaceable battery. Having access to therjgatbntacts,
the device power consumption can be measured using
hardware equipment, thus having more accurate tsethdn
using locally installed software.

An Arduino Duemilanove boatfiwas used for measuring
the battery voltage as well as the voltage dropaoshunt
resistor inserted in between the device and thetyain order
to determine the current (see Fig. 1). A Java apftn,
running on the Power Consumption Monitor statioaswsed
to compute the device power consumption based en
voltage values sent by the Arduino board. The \salwere
saved at 1Hz frequency.

th

IV. TESTSCENARIOS

In order to study how the signal quality (distaficen AP)
and network load impact on the power consumptioramf
Android Mobile Device, we considered four scenares
illustrated in Fig. 4 and described below. In ansidered
scenarios the Multimedia Server stores five tenetarclips,
each clip corresponding to a different quality leviéghe clips
are streamed sequentially to the Android Mobile iDewver
either of two transport protocols (UDP and TCP).

* Scenario 1 - considers the case of a mobile user, located
near the AP (approximately 1m away), without any
background traffic in the network. The SS variesvgen -

12 Arduino Duemilanove Board




48dBm and -52dBm.

(r = -0.846), thus the ratings across participséensl to have a

» Scenario 2 - the mobile user is located in a poor area withhigher variation, for the clips with lower perceivguality.

the SS varying between -78dBm and -82dBm. The test

were run without any background traffic in the netkin
order to study the impact of the link quality ore thnergy
consumption of the mobile device.

» Scenario 3 - similar to the first, except that background
traffic was added in order to load the network, ahely
the impact of the network load on the energy consion
of the mobile device. LANforge traffic generatorsvased
to create 25-28 virtual wireless stations, eachegging
traffic as previously explained in Section III.B.

Scenario 4 — similar to scenario 2 except that backgroun
traffic was added as in scenario 3, in order tal\stthe
impact of both poor link quality and network loam the
energy consumption of the mobile device.

Scenario 2 —No Load & Far from AP
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Figure 4. Considered Test Scenarios

V. RESULTS ANDANALYSIS

For each considered scenario and for each of tladityu
levels we repeated the test three times (a tothdbftests were
carried out) and computed the average values. TWedges are
further used throughout this paper for analysighef results
and discussions.

1) Impact of the Video Quality Levels on Human
Perceived Visual Quality with Local Video Playback

To assess the user perceived quality of the fivalityu
levels, the subjects were asked to view 20 testesezes and
rate their overall quality on a 1-5 scale (badxoedlent). For
each sequence, the mean value represented by tle M
Opinion Score (MOS), and the standard deviatiorD[ESY) of
the statistical distribution of the assessment ggadvere
computed. The results of the subjective study agsgnted in
Fig. 5. All the sequences corresponding to QL1-Qdred
above 4 (Good), with eight of them scoring abové 4.
(Excellent). Out of the eight test sequences cpomeding to

QL4 and QL5, four scored above 3.5 (Good) on awerag

while the other two below 3.5 but above 2.5 (Fair)average.
On average across the four test sequences, twiygleslels
scored Excellent (MOS_QL1=4.84 and MOS_QL2=4.68), t

scored Good (MOS_QL3=4.33 and MOS_QL4=3.70) and one 3) |mpact of the Video Quality Levels on
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Sequence | QL1| QL2| QL3 | QL4| QL5 Sequence| QL1| QL2| QL3| QL4| QL5
A 488 1469 |444 [3.38 |3.50 A 0.34 (0.48 |0.63 |1.02 |1.10
B 469 |4.75 |4.56 [3.81 |2.88 B 0.48 10.45 |0.51 [0.66 |1.02
C 494 14.69 14.06 |3.38 |3.25 C 0.25 [0.60 |0.77 | 0.81 |0.68
D 488 |4.38 |4.25 [4.25 |3.88 D 0.34 (0.81 [|0.68 |0.77 |0.81
AVG 484 |4.63 |4.33 [3.70 |3.38 AVG 0.35 |0.58 |0.65 [0.82 |0.90
a) MOS MDS STDEV
Figure 5. Subjective Assessment Results
2) Impact of the Video Quality Levels on Energy

Consumption of Local Playback

In order to study how much energy can be consebyed
changing the quality level of the video, we perfedrlocal
video playback of each quality level. All the testsre
performed with the same minimal background actsitbn the
mobile device, with all the wireless connectivitytarfaces
disabled (Airplane Mode) and the power save modeetlioff.
The results are illustrated in Table Ill. The battdischarge
and the battery life values were estimated usiegetijuations
as expressed below:
Discharge [mAh] = Avg. Energy[]] *1000 / (3.7[V]*3600/s])
Battery Life [hrs] = 1330[mAh] * 3.7[V] / Avg. Power/[mW]

where, 3.7V and 1330mAh represent the nominal hatte
voltage and battery capacity respectively. The ebgtt
discharge represents the total charge drawn frambtitery
during the clip playback. The Battery Life reprdseithe
amount of time the fully charged battery will takedischarge
while playing a certain quality level. For exampfegnly QL1
videos are played, the device has an estimatedridifie of 4
hours, while by choosing to play only QL5 videdse battery
life is doubled. The results show that by decreasire video
quality level we can achieve energy savings. Switclirom
QL4 to QL5 provides a low saving of 45% for a
corresponding MOS decrease from Good to Fair. Hewev
&witching from QL1 to QL3 provides a 44.8% energyisg
for a MOS decrease from Excellent to Good, whilswdich
from QL1 to QL2 offers 34% energy savings at nongfgin
MOS.

TABLE Ill. RESULTSFORLOCAL PLAYBACK
Quality | Avg. Energy | Avg. Power|Discharge| Battery Life |PSNR Subjective
Level [J] [mW] [mAh] [hrs] [dB] MOS
QL1 712 1196 53 411 - 4.84
QL2 470 788 35 6.24 47 4.63
QL3 393 658 29 7.48 41 4.33
QL4 374 627 28 7.85 36 3.70
QL5 357 598 27 8.23 31 3.38
Energy

Fair (MOS_QL5=3.38). The average standard deViatiO'?:onsumptionwhilePerformingVoD

values, shown in Fig. 5b increase as the video itgual

decreases (AVG_STDEV_QL1=0.35 to AVG_STDEV_QL5

=0.90). The Pearson correlation further indicates there is
decreasing relationship between the MOS and STD&Wes

Considering Scenario 1, with the mobile device tedanear
the AP and without background traffic, we measteednergy
consumption while performing VoD over UDP. The diince



between these results and the local playback gussan
overview of the energy consumption over the wirelestwork.
The impact of the wireless interface on the eneagsumption
is illustrated in Fig. 6 and Table IV. The resudtsow that by
decreasing the video quality level with VoD, we amhieve
energy savings from 6.7% (for a QL1 to QL2 drop) top
62.7% (for a QL1 to QL5 decrease) on the wireleserface
only. Because the link is good quality and enougahilable
bandwidth is provided for VoD, the playback is stioand un-
interrupted, maintaining the same user perceivealitguand
the same subjective MOS values as for local playbac
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Figure 6. Avg. Energy Consumption for VoD over UDP

4) Impact of the Transport Protocol
Consumption while Performing VoD

TCP was built for reliable data transport offerfagness to

on Energy

Wireshark and listed in Table IV. As seen, the nexgl
throughput for each quality level (Table Il) is pided.
e _ _Qwe_
:: — (R ied
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Figure 7. Scenario 1 - Average Energy Consumptiorttfe Wireless
Interface for UDP vs. TCP VoD

5) Impact of the Link Quality on Energy Consumption

In order to study the impact of the link quality the energy
consumption of the mobile device, we considerech&ce 1
and 2, when the user is located near the AP withd g8S (-48
to -53dBm) and when the user is located in a p&@ai®a (-78
to -82dBm). In both scenarios no background traffic
considered, so SS is the only varying factor. Tésults are
listed inTable IV and V. Fig. 8 illustrates the impact o fink
quality on energy consumption for both transpomt@cols
(UDP and TCP) by comparing the wireless interfacergy
consumption for Scenario 1 vs. Scenario 2.

TABLE V. SCENARIO2-UDPAND TCPVOD

users by dividing available resources in an almegtal
manner. As TCP congestion control mechanisms céactaf

video streaming, the traditional method of trantpgrvideo
was over UDP. However, nowadays the use of TCP hg
become ubiquitous for streaming video, and more mode
Service Providers have adopted it in combinatiorth wi

multimedia adaptive solutions (e.g., Apple HTTP eliv
streaming, Move Networks, etc.).
Considering Scenario 1, we run the same five qubditels,

keeping the same conditions and changing only rid@sport

protocol (UDP or TCP). The results illustrated iable IV
show TCP is more energy efficient than UDP. Figlustrates
the difference in terms of energy consumption. @b, 13%
energy savings can be achieved on the wirelessfanee by
transmitting over TCP rather than UDP. The reabah TCP
performs better is that its packet size distribuii® 1280-2559
bytes, meaning larger but fewer packets to be mnétesd. On
the other hand the UDP packet size distributiolovger, 640-
1279 bytes, meaning more packets to be transmitted.

TABLE IV. SCENARIO1-UDPvs. TCPVOD

Quality |Avg. Energy| Avg. Power | Discharge | Battery Life | Avg. Th.
Level [J] [mw] [mAh] [hrs] [Mbps]
QL1 862 1445 65 3.41 2.07
al QL2 610 1022 46 4.82 1.05
g QL3 503 841 38 5.85 0.52
QL4 459 764 34 6.44 0.26
QL5 413 699 31 7.04 0.14
QL1 842 1410 63 3.49 2.02
ol QL2 567 953 43 5.16 1.00
('._) QL3 475 799 36 6.16 0.51
QL4 434 726 33 6.78 0.26
QL5 398 666 30 7.39 0.14

The actual average throughput (Avg. Th.) receivgdhe
mobile device on the wireless network, was captunéith

Quality |Avg. Energy| Avg. Power | Discharge | Battery Life | Avg. Th.
Level [J] [mW] [mAh] [hrs] [Mbps]
QL1 875 1461 66 3.37 3.32
QL2 628 1052 47 4.68 1.57
l% QL3 512 857 38 5.74 0.59
QL4 463 777 35 6.34 0.26
QL5 420 704 32 6.99 0.13
QL1 86E 144¢ 65 3.4C 2.1F
o QL2 58€ 982 44 5.01 0.9¢
8 QL3 492 82% 37 5.9¢ 0.5
QL4 44€ 74€ 33 6.6( 0.32
QL5 414 692 31 7.11 0.1f
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Figure 8. Scenario 1 vs. Scenario 2 Average En€apsumption for the
Wireless Interface for UDP vs. TCP VoD

As shown a poor SS has a higher impact on the TigHess
interface energy consumption over UDP, with as tag28%
increase in energy usage for QL5 at the edge. €heedse in
SS has a lesser impact on UDP, with as low as 4%ase in
energy for QL4 at the edge, up to an 11% incre@de (and
QL5). However, even in these conditions, TCP remanore
energy efficient than UDP. The actual received ufhput
results meet the required throughput for each tuddivel
(Table II) meaning smooth uninterrupted playbackd an
maintained user perceived quality as for local ipdek.




6) Impact of the Network Load on Energy Consumption 7) Impact of Link Quality and Network Load on Energy
By comparing Scenario 1 and 3 we can determinépact  Consumption

of the network load on the energy consumption efriobile The impact of both link quality and network loadnche
device. Table Vipresents the energy information and networkstudied by comparing Scenario 1 (where the molelag is
related measurements captured by Wireshark. located near the AP without any background traffacjd
TABLE VI. SCENARIO3- UDP AND TCPVOD Scenario 4 (where the device is located furtheryafn@m AP
ouality | Avg. | A9 | pischarge| Baten | Ava. [ Avg. Ch. T Retr. with background traffic). In this case, both thek|quality
Level |Energy [J] Pomer [mAh] '—Afe MTbh- Th;l%ffic [%] and the competition with the background trafficlviihpact
R [T481 = gr;c] [2573] [24‘;‘? — the energy consumption. The Scenario 4 resultdistesl in
Lo | 657 1o |49 247 118 | 2512 | 798 Table VII. Even though there is a decrease in theral
sl QL3 53€ 89OE 40 55C | 068 | 2497 | 837 channel traffic, there still is an increased numbrertotal
QL4 46€ | 77¢ 35 6.3z | 0.3€ | 24.9C | 561 WLAN retransmissions.
QLS | 438 | 73t 33 671 | 016 | 248¢ | 5.9¢ An important parameter that needs to be mentionetthe
QL1 gig 11(‘)‘3?(;” 426 437-22 1?)609 2423646 47‘;-” Playout duration of the clip. Because of the cortiget
a QL2 : : : . background traffic and the poor link quality, thelie user
QL3 495 | 829 37 593 067 2484 528 ° . . ; . :
Fl oL 260 | 774 35 636 | 035 | 2418 | 91 will experience interruptions such as video fregzieading to
QL5 415 695 31 708| 030 2469 557 longer playback duration. This phenomenon has aemor

] impact on the QL1 multimedia stream, resulting ond
The average received throughput (Avg. Th.) morenthaperiods of buffer starvation and frequent 4-10siqosr of
meets the requested throughput for each qualitgll€this  video motion loss (the re-buffering periods repnésgimost

means that even though with the high network leaery user 0% of the playout duration), while QL4 and QL5 aret
receives their requested network resources. Thas@shown  sffected.

by the average value of the overall channel trgffieg. Ch. TABLE VII. SCENARIO4- UDP AND TCPVOD

Traffic). The paylo_ad of the overall netw_ork traffivas set as Quality Eﬁ\ég. F"‘X/%ér CE;?-eBitiiry Avg. Th.ATvgﬁih. Retr. Pclﬁ- Est.

20-21Mbps, but with network overhead it reache22Mbps Level [J]g ol |m Aﬁ] e | MOPS] | yiog | 81 | T oS

(according to Wireshark). N QLL | 1300] 1362 | 98| 3.62] 1.32] 2018 11B®58 | <3
Another important factor is the number of retrarssions | [QL2 | 826 | 1193 | 62 | 413 | 1.02 | 20.71 [10.35 695 [3.58

(Retr.) that occur in the network. This value shokesrelative (3| QL3 | 667 | 1015| 50| 48§ 045 20.15 9.01359 | 3.43

number of the overall packets that were retransuhitts. Qt;‘ Zég 87?303 3§5 56829 0-3014 19;;4888-(:)[81 723; 3373%
normal traffic, and is expressed as a percentage. tD the 8L1 o83 36c o5 362 1aal o1t siloas =3
high numbe_r_ of clients (26 in this case) that _shh_eenetvyor_k, QL2 [ 784 [ 1169 | 59 | 421 | 1.09 | 21.07 (1029 671 [3.63
the competition for the ne_,-twprk resources is high ¢his is QL3 | 596 | 966 | 45| 509 069 2131 10[4617 | 4.0
reflected by the retransmissions value. Fig. Ssiliates how QL4 | 518 | 867 | 39 | 5.68 | 0.26 | 19.48 [10.12] 597 [3.70

this affects the energy consumption. Looking at QL2 | QL5 | 456 | 763 | 34| 649 016 1997 9F%97 |3.3§

_transmissipn over UDP, it can be seen that wheméteork The impact of the re-buffering periods on the ysaceived
is loaded it consumes more or less the same eraergyL1. quality was assessed by the estimated MOS, whichedses

This is due to network contention, as the overallyiiy the increase in buffering percentage levelegsiained in
retransmissions double compared with QL1. Alsoaherage [12]. 15% buffering determines a quality decreagd MOS

channel traffic presents an increase of 3.2% refigcthe it and 60% buffering severely affects the qualitith a
increase in the resource competition. corresponding drop of more than 1.5 MOS units. dthithe

TCP

-
N
o

T T T T T T S ue witniona case of UDP and TCP, our QL1 MOS will drop belove th
20007 47— I e MOS of QL4 and QL5 (which maintain the same MOShey
%) oo [T TCPwithoutload . . .
5 TcP with load do not introduce any buffering periods).
160 i B
'E? 77777777777777777777777777777777777777 8) Impact of an Overloaded Network on Energy

Consumption
”””””” In order to study what is happening when the ndtwsr
e overloaded, we increase the overall traffic so thatnetwork
is used at its maximum capacity. First we foundrtteximum
capacity of this network by generating a UDP streafn
utimgdia 50Mbps (the maximum theoretical rate of an IEEE.808
i aut az  aw Qe qus Stream Level network is 54Mbps). The average throughput of ttream
Figure 9. Scenario 1 vs. Scenario 3 Avg. EnergysOoiption (UDP&TCP) reached 29-30Mbps. Based on this value we created
over the wireless interface - . .
background traffic using the mix from Table I. Wanr

Even though the network load affects energy consiomp Scenario 3 and 4 again, this time with 29-30Mbps of
for TCP video streaming (compared to Scenario JPTis  background traffic. The results for the two scevsriare
still more energy efficient than UDP. Also in tlisenario the presented in Table VIII.
user perceived quality is not affected by the netwoad, the It can be seen that even though the user is locwad the
playback being smooth without interruptions. AP he/she will experience interruptions with longripds of
buffering, which was not the case when the netwwds
loaded at 20-21Mbps. Moreover, when the user iatéut far

@
o

N
o

Average Energy Consumption [Joule]

I




from the AP, the QL1 streaming experience will beere
worse, as the playout duration will reach almosertiimes the
normal playout length. In both cases, QL4 and QL& the
most efficient in terms of playout duration and rgye
efficiency. In conclusion, in the case of an ovaded network,
adapting the video quality to a lower level provese more
efficient in terms of energy and user perceiveditjua

TABLE VIII. OVERLOADED NETWORK- UDP AND TCPVOD
) Avg. Avg. Dis- |Battery| Avg. |Avg. Ch.
Q&a\l/lgly Ene?gy Povger charge | Life Y Thg. Trgs\ffic T;Ot]r' Pl?;,]o ut
[J] [mW] | [mAh] | [hrs] [[Mbps]| [Mbps]
QL1 | 1308 | 1332 98 371 141 2598 585 993
ol QL2 906 | 1113 68 443 | 0.84 | 2494 | 5.17| 820
% QL3 689 989 52 5.000 049 2648 348 704
o QL4 518 866 39 5.68 | 0.34 | 26.50 | 3.43| 597
< QL5 461 774 35 6.3¢ | 0.1€ | 24.7¢ | 5.8¢ | 597
g QL1 | 122¢ | 135¢ 92 3.65 | 1.37 | 26.6f | 4.3 | 90¢
= o QL2 83% 1111 63 445 | 0€ | 2584 | 4.57 | 76E
© QL3 66€ 993 50 4.9€ | 0.4¢ | 246¢ | 7.97 | 671
QL4 49C 82% 37 5.9¢ | 0.3% | 26.52 | 4.6¢ | 597
QL5 434 7217 33 6.77 | 0.2¢ | 27.2¢ | 4.5 | 597
QL1 | 4251 | 823 319 | 598 | 0.17 | 21.46 [10.48| 5165
ol QL2 | 1631 910 122 541 034 2456 10}45793
% QL3 789 | 1022 59 4.82 | 044 | 2389 | 9.55| 773
a QL4 679 962 51 5.11] 0.32 2384 9.61 705
E QL5 562 874 42 5.63 | 0.19 | 23.34 | 8.67 | 643
2 QL1 | 403¢ | 80¢ 302 6.0¢ | 0.21 | 20.3¢ | 9.4¢ | 4987
w QL2 | 1471 | 901 11C 5.4€ | 04 | 22.7¢ | 8.4 | 163t
§ QL3 751 974 56 5.06 | 04 | 24.1¢ | 9.32 | 778
QL4 51¢ 867 39 5.7¢ | 0.31 | 24.7¢ | 9.8€ | 61¢
QL5 45€ 762 34 6.4¢ | 0.1€ | 24.2¢ | 8.8¢ | 611
9) User Perceived Impact of Video Buffering on

Multimedia Quality.

The subjective study did not aim to assess the dmph
video buffering on user perceived quality. Howevwemrder to
have an idea of the users’ perception of bufferithg test
subjects were asked to rate (on a 1-5 scale) Wegtdonsider
to be the MOS given different freeze periods (<3Dsin,
2min, 4min, and >6min) for a 10 minute high-qualitpbile
video clip. The results illustrated in Fig. 10 shthat, in order
for the clip to maintain a Good quality level, teffering time
should not exceed 1 minute. Looking at the ansvesrd
abstracting other factors that may occur in a steaming
scenario, an excellent video quality (e.g., QL1)l Wwave a
similar quality, as perceived by the user, with EA&ir), if the
buffering time is equal or higher than two minut8svitching
to a lower quality level reduces the probabilityrefbuffering
periods, thus avoiding the increase in playout titmaleading
to energy savings and increase in user perceivalityju

Quality Ratings vs. Buffering Time
5.0 0.93 1.0
1 AVG |
45 077 0.9
4.0 +— ~m-STDEV | 0.8
35 _70:,07,/ \ g
w 30 T \ 0.6 >
g 25 +— \0 0.5 e
20 +— -‘34 0.4 »n
1.5 4— 0.3
1.0 4+— —+ 0.2
0.5 1469 3.75 2.94 1.81 113 | 91
0.0 T T r T 0.0
<30sec 1min 2 min 4 min >6 min
Buffering Time

Figure 10. Users perception on video buffering ictjgan multimedia quality

VI. CONCLUSIONS

This paper presents and in-depth study on how iheess
environment (e.g., link quality, network load) campact the
energy consumption of a mobile device while periagnoD.
The tests were conducted on an Android Mobile Devit a
controlled wireless (IEEE 802.11g) environment mles to
better understand the impact of each parametehemrenergy
consumption. Five different quality levels of thaultmedia
stream were considered and their impact on the ggner
consumption was also analyzed. The results show liia
changing the quality level of the multimedia streidm® energy
can be greatly saved while the user perceived tyuael is
still acceptable. This demonstrates the benefitg tan be
obtained by using an adaptive multimedia mechaiistarms
of energy consumption. These mechanisms could kbefu
improved in order to consider the energy consumpticaking
them even more energy efficient. Another important
observation is the impact of the transport protdeay., UDP,
TCP) on the energy consumption. The results shaitEP is
more energy efficient than UDP in all situationfisTmay be
because TCP has a larger packet size distributieaning less
data to be transmitted.

Nowadays, user mobility can be highly predicted and
together with the users’ patterns of usage it capdssible to
forecast where and when some wireless resourcesbmay
high demand. Knowing the contextual informatiorg(elink
quality, network load, transport protocol, adaptimechanism)
and its impact on the energy consumption, can heing
more energy-efficient use of the wireless resourtésis, our
findings demonstrate the necessity of consideriegvork-
related parameters when designing energy-efficiginéless
video transmission schemes.
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