EMULSIoN: Environment Mtigation on
mULtimedia Strearmng Networks

Sean Hayes,* Enda FaIIon,* " Ronan FIynn,* Gabriel Muntean **, Niall Murray*

Software Research Institute,*
Athlone Institute of Technology,
Ireland.

Performance Engineering Laboratory, **
Dublin City University,

Ireland.

shayes@research.ait.ie efallon@ait.ie, nmurray@research.ait.ie, rflynn@ait.ie

Abstract— Handover algorithms typically operate by
assigning preconfigured threshold or weight valuesnto network
performance metrics such as delay, data loss andysial strength.
Such approaches are performance limited as they dwot consider
external factors that affect the network such as ta physical
environment and current weather conditions. Previos research
illustrates that foliage density combined with detimental weather
conditions can have degrading effects on wirelessnks. The
changes to these environmental factors over long hieular-based
mobile user sessions can lead to sub-optimal handovdecisions
and a negative impact on a user’'s Quality of Experigce during
mobile video streaming. There is need for a handovesipproach
that adapts to these factors and mitigates any netiee effects that
occur. This paper proposes a method for Environmentafactor
Mitigation on mULtimedia Streaming Networks (EMULSIoN).
EMULSIoN uses a perceptron artificial neural network approach
to mitigate the latency and delays caused by envinmental
factors. Using dynamic network performance metricsand with
known topographical data, the EMULSIoN directed learring
approach can learn from previous user sessions toitigate these
environmental effects. EMULSION further uses GPS and
topographical data to divide vehicular routes intosmall sub-areas
for optimal performance in varied terrain. Results illustrate that
EMULSIoN has significant video quality improvements n
comparison to pre-configured weight handover stratgies.

Keywords-- Artificial Neural Network; Feed Forward Learning;
Heterogeneous Networking; Vehicular Mobility; Multimedia

I INTRODUCTION

Environmental factors are difficult to properly cidter in
large scale heterogeneous topologies. Foliage physical
obstacle, but unlike other physical obstacles agbuildings,
the density of foliage is ever changing. This i€ da factors
such as time of year and wind speed. In vehicutanarios,
varied terrain types can cause fluctuations in &voe’s
Received Signal Strength (RSS). These fluctuatiaffect
handover decisions and their frequency,
subsequent effect on user
multimedia data. Handover strategies have beenogempto
optimize the Quality of Experience (QoE) for mohilsers [1],
but there has been a lack of work that considedelying
environmental factors [2][3][4]. Traditional apptes
towards maintaining network connectivity [1] appdither
static thresholds or pre-configured weights ontonagic
network performance metrics. This approach is ngable in
environments where varying amounts of interfererare

generated. Variable interference causes noticgmfermance
fluctuations and playback stalling during multimedireaming
sessions. Un-optimized handover decisions alsorheamore
common due to access points being in competiti@hcamising
a “Ping-Pong” effect to occur.

The EMULSIoN handover architecture is proposed to
address such issues. EMULSIoN is a performanceigtieual
based Artificial Neural Network (ANN) which is nadvén
comparison to existing mechanisms as it furthersicars
environmental factors. EMULSIoN is “pluggable” ascan be
reconfigured to measure overall performance usiffigrant
metrics, such as a calculated Mean Opinion Scor@3Mfor
video quality. Vehicular environments are ideal foaining
EMULSIoN’s ANN as the cyclical nature of vehicular
movement enables network performance prediction.

EMULSIoN has been evaluated across five simulated

environmental scenarios. Each scenario has diffexeather
conditions and foliage densities applied onto actdar route.
Performance evaluation shows that EMULSION outpenfo
pre-configured weight handover approaches in tevfssual
quality in streamed multimedia. Quality degradagiaraused
by interference are mitigated and a level of vidgality is
maintained throughout the user’s journey.

This paper is organized as follows: Section |l pre¢s a
literature review on handover strategies for opting the QoE
for mobile users as well as an analysis of the ceffeof
wind/foliage on network performance. Section llitalls the
experimental setup and software used to generataetults
data discussed in Section IV. The conclusions efrésults are
outlined in Section V.

II. RELATED WORK
Environmental factors can play a huge part in digna
degradation [2]-[6]. [2] Discusses Ricean k-factoasmd

which have wireless signals. It is explained how signal stthrig subject
experience when streamiiog significant interference as it passes througtysjual

obstacles on the transmission path, culminatingterference
when it reaches the receiver. Wind-blown foliageutlined as
a significant obstacle to signal propagation. Tharkwin [3]

analysed the effects of various wind speeds on r&legs
sensor network. It is shown that wind has a neglkgéeffect on
RSS; and only becomes a factor when dense folmgecsent.
The longitudinal studies conducted in [4] descriltieel effects
of wind-induced fading on wireless connections. i#



illustrated that the effect of wind and foliage aignal
transmission can vary immensely depending on factach as
time of year and wind velocity. The findings in [&ncur with
the conclusion reached by [4] in that wind directas well as
its speed determines the extent of fluctuations shavireless
signal experiences. A simulation model is also pemgl to
illustrate the effects of swaying vegetation omaigfading for
fixed network positioning in rural sub-urban aredhe k-
factor measurements in different environmental dants will
serve as inputs for the experiments presentedsnatbrk. The
work in [7] shows the results of several RSS measents
within a sub-urban environment. The notable conclugrom
this work is that while degradation is experiendadeach
signal path, one path had less severe fluctuatibuesto the
wind’s direction. The conclusion drawn from this swvéhat
wind direction can also mitigate degradations tigtoteducing
foliage density.

Handover strategies have also been a subject cfighion
in ensuring optimal QoE in mobile scenarios. Thesegchers
in [8] analysed the degradations that can occurideo quality
in pedestrian and train movement. Results presestiedved
that handover overhead increased along with dedraatkeo
quality for a train scenario compared against aepgthn
scenario. This work highlights the need for a Quftsgy for
high velocity scenarios. The work in [9] presentsietwork
selection algorithm that considers user locationwadl as
velocity when optimizing QoE. The work presented[10]
proposes a static threshold approach that minintiseslover

Il EMULSIoN ARCHITECTURE

This section describes the EMULSIoON handover
architecture. EMULSION uses a perceptron artifiaieural
network approach to mitigate quality degradationsd a
playback stalling caused by un-optimized handowgisions
due to environmental factors. The EMULSION architee
assigns different training weights for differenpég of network
traffic and can re-evaluate itself to a differerining set and
overall performance indicator when the primary ficabeing
received has changed. The algorithm considers tapbial
data, previous user experience as well as dynamteank
performance metrics when implementing a handoveisib.

The EMULSIoN architecture is deployed as an apfibca
on the mobile device. EMULSION uses Stream Control
Transmission Protocol (SCTP) to ensure a fastlsafdover.
This reduces overhead and latency experienced when
switching networks compared to using a traditiomerd
handover method. When deployed, EMULSION uses SETP’
multi-homing functionality to identify the most rost
connection in range. This is designated the “bgzk-u
connection, used when none of the high speed nkswior
range are considered suitable for streaming. Rglgin this
network comes with a cost to data speed and pateptE. At
intervals, the network topology is scanned to dea more
robust connection is available to serve as a fekba

EMULSIoN’s main features are its adaptive learning
different network environments and tolerance agathanges
occurring to the vehicular route. The algorithm sidersn

overhead when streaming by monitoring RSS and usimgtworks in range and a training set of weighis assigned to

scalable video coding in order to minimise intetiop. While
the results do show an improvement over traditidwaldovers,
its benefits may be mitigated in degrading envirental
scenarios due to its reliance on RSS. A solutitustilated in
[11] considers the primary data type being receiveten
initiating handover. The work uses fuzzy logic tatoh the
QoS and data rate requirements for a particulaa tigte. An
example of this is high speed connections for tigfinition
video streaming. Future work will consider mobikeufactors
such as distance and velocity. As such, it doescoasider
environmental based interference. The proposal i2] [
illustrates an extension on the Media Independemtiddver
(MIH) standard to include more QOE awareness, sessnl
mobility and data-type adaptation. This changeshifuiedover
strategy depending on the data stream. [13] An{l §te other
examples of QOE experience focused handover actiige
Their aim is to have multimedia users always coteteto the
most suitable network for best QoE. Test results thuf
proposed architectures so far have demonstratedirge |
improvement in performance over traditional apphesc

The major limitation of related work in this areathat the
potential interference in the user’s surroundingimmment is
not properly considered in handover decisions. liteeature
supports that weather and environment can affetivark
transmissions and can therefore affect handovatesgfies that
consider signal strength. The EMULSION architectaims to
mitigate these effects by considering the localggephy when
making a handover decision.

each networks performance metrics. On a secondebgnsl
basis, the designated performance metxidte be monitored
are taken in as inputs and each of their curreitegaare
normalized between 0 (an unacceptable value) ad (e
best possible value). These inputs are multipligd their
training weights to obtain that network’s dynamioie value

nSCORE g illustrated in Eqgn 1.
number of inputs

2.

i=1

nSCORE —

(wi * xi)

1)
The nSCORE representing each network’s suitability
compared against a defined threshold vaueA nS¢°kE that
exceed® has its network considered as a handover candidate
If more than one candidate excee@s the network with
highestnS¢9RE is chosen. If no network score exce@isthe
user falls back to a designated backup networkdmtain the
session. For this paper, performance metrics diected from
each network in one second intervals. At the entth@training
cycle, the overall performance is assessed anavélights are
modified to encourage better performance in layetes.

The extent of the weight modifications are decidsd
analyzing the linear regression of the overall genance
metric. This is done by calculating the slope of te for
performance for the five most recent training cgclehis slope
value is multiplied by a fixed learning rate anerihapplied
onto the weight set. The learning rggarameter controls the
size of weight changes during traininig.the rate is too small

is



or too high, the overall performance can be trappétin

local maxima, where performance reaches a peakcandot
go higher. The learning rate settled on for theststis 0.15;
tests showed this was an ideal value for machiamieg in a

A complication with vehicular routes is that a ussy not
necessarily traverse the entirety of that routewery journey.
This can disrupt the training phase with incorreaight
modifications. Another potential issue is thatrilag a median

steady mannerTo further avoid local maxima, weights areweight allocation to suit an entire route may retsub-optimal

further incremented by a random decimal value betw.2 to
0.2 every fifth cycle. Training is considered coetplwhen the
slope value reaches 0. This signifies that the ANN reached
an optimal weight allocation for that route.

//initiate Handover Deci sion
voi d get Handover Deci si on() {
Double metricl, metric2, nmetric3
int wei ghtedsum

for each(Networks) {

int wei ghtedSum = 0;

wei ght edSum +=
(metricl*wl)+(metric2*w2)+(nmetric3*w3)

i f (wei ght edSum > net wor kThr eshol d)

candi dat eNet wor k. add( net wor k)

i f (candi dat eNet work. si ze == 0)

handover To( backup)

network favourite
for each(candi dat eNet wor k)
i f (candi dateNetwork > favourite)
favourite = candi dat eNet wor k
handover To(favourite)

//Train ANN at end of a cycle
void initiateTraining() {
doubl e slope = slopedLineCal c(historicResults)
doubl e correction = slope * |earningRate
if(correction == 0)
training = fal se
el se
for each (weights)
wei ght s+=correction
if(cycleNum %5 == 0)
for each(wei ghts)
wei ght s+= RandNunt - , )
}
//Plan out Route
String route =
. get Current Posi ti on. get Rout eNane()

sl eep( )
i f (GPS. hasChanged())
subRoute.inTransit = true
i f (GPS. get Coordi nates() is NOT inside sub-
route area)
i f(new sub-route is existing sub-route)

performance due to the weight allocation not coerand) the
variation in fluctuations caused by changing terrdio avoid
this, EMULSIoN uses GPS and topographical dataviole an
overall route into “sub-routes” as illustrated iig 2. Each sub-
route is defined based on its overall terrain peadind are each
trained with their own separate training sets. Wizemniser
traverses one sub-route and enters another, thehtvei
allocation is then dynamically re-configured to therrent
training set for the now-current sub-route.

No Foliage Dense Foliage

Environment Sparse Foliage

Environment

Environment

Fig 2: Example of a route being divided into subtes
based on terrain profile

An example of video training is described in Tallehe
Mean Opinion Score (MOS) as the overall performametric.
The user is being streamed a media file from theriet in an
environment with no foliage present. The first eyof training
with randomized starting weights results in a M@8rs of 2.8,
indicating below average video quality. The slogethen
multiplied by the defined learning rate and retuansalue of
0.42. This correction is added onto the weightstfa next
cycle increasing the likelihood of handing overtte high
speed networks during the next training cycle. Tduatinues
until the slope value reaches 0 and training pegiudks.

TABLE 1: Example of video training for EMULSIoN i
“No Foliage” scenario

wei ghts = subRout e. get %i ght s() MOS Slope Correction Learning Rate
el se 01| 015 | 28 2.8 0.42 0.15
Look up new Sub-route and add to
subRout es array 0.52| 0.57 3.44 1.72 0.258 0.15
Wi | e(Route.inTransit == true) 0.778| 0.828 3.4 0.3 0.045 0.15
get Handover Deci si on() _ 0.823| 0.873 | 3.4 | 0.176 0.0264 0.15
sl eep( ) //run on second by second basis
overrall Thr oughput += get MBRecei ved() 0.899( 0.809 3.36 0.108 0.0162 0.15
i f (Rout e. get EndPoi nt () ==
0.915( 0.825 | 3.36 -0.02 -0.003 0.15
GPS. get Current Pos())
Route.inTransit = fal se 0.912( 0.822 | 3.36 -0.012 -0.018 0.15
hi stori cResul ts. add(overal | Thr oughput)
i nitiateTraining() 091 0.820 | 3.36 | -0.008 -0.0012 0.15
Fig 1: Pseudo-code for EMULSIoN algorithm 0.909( 0.819 | 3.36 0 0 0.15




V. RESULTS

A. Smulation

The network environment is created using the N&8vark 2.

simulation framework. The simulation landscapeesnsn Fig
3 is a recreation of the M50 motorway outside ofbln
Ireland. This route is a varied terrain environmaith areas of
dense foliage present along the route that vatiedifierent
times of the year. Three high-speed WiMax access#p(AP)
are placed at designated points along the staddlmiand end
of the route. The high speed networks will be getlifferently
in two different sets of simulations. One set wiive the high
speed networks use QAM64 modulation (54 Mbps) drel t
other tests will use QAM16 (27.65 Mbps). A robustB-
connection broadcasting at QPSK modulation (13.&p$) is
designated as the backup connection by EMULSIoNvath
cases. This connection’s performance is inferiomfithe high-
speed WiMax but is less susceptible to interferathee to its
lower data rate. Its effective coverage area coteeswhole
simulation area. Using this connection exclusivesults in a
stable performance but makes high quality videednible for
streaming due to the low data rate and traffic. Ttheal
solution is to use high-speed connections wherdéngheir
effective coverage range and defer to the morestobackup
connection otherwise. A comparison will be drawnweaen
EMULSIoN's effectiveness in both modulation sceoatri
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Fig 3: Points B, C and D are high-speed base-statidile A
represents the starting point

For streaming video, the Evalvid [16] module wagdis
This NS-3 extension allows for streaming video filever
simulated networks. Evalvid calculates the Peakn&@igo
Noise Ratio (PSNR) for the streamed video file. Aality
comparison is done between the received videodamthyinal
file on a frame by frame basis. This is done Hgulating the
PSNR for the original video. This is the refere@NR used
as a benchmark for video quality. Evalvid generdigsp files
upon successful streaming at the receiver; thesmsgruct the
streamed video file along with any degradation’atthave
occurred. The file is then converted back to raglewi data and
its PSNR is compared to the benchmark PSNR to ganer
MOS score. Although Evalvid is an objective methadure
work shall be done using subjective analysis. Basfdof
degradation estimations presented in [5], EMULSIsMained
under five different test cases:

4.

1. No foliage present on the path and no wind. There is a clear
Line-of-Sight (LOS) component for the duration.

Soarse foliage with a low wind velocity. There is an
increase in obstacles present in the environment.

Dense foliage along the route with a low wind velocity. The
foliage obstructions are much denser with LOS amhen
the user is in close proximity to the AP.

Dense foliage with a strong wind velocity. All signals that
reach the receiver are diffused and interferenbégis.
Varied terrain profile. The foliage density and weather
experienced changes during travel. Alternates batvi®©S

and NLOS

3.

5.

The Environmental conditions are simulated using th
Nakagami-m propagation loss model [15]. The modeteal
for simulating transmission signals travelling tigh foliated
terrain [3] [4] [5].

B. Wind Data

The wind speed and foliage data used for these &&stbased
off of wireless k-factor estimates presented in. [g] is
illustrated that k-factor decreases as wind speegtases. The
calculation of the wireless k-factor is describedegn 2 [5].

__ Power in constant part

Power in random part

2
The shape parameterof the Nakagami model re[grz:‘sents
potential maximum fade depth in interference geeeray the
surrounding environment as illustrated by Edqd 3].
m=(K?+2K+1)/2K + 1)

(3)

C. Result Data

This section presents EMULSIoN for multimedia stnég.
The algorithm was tested for QAM16 and QAM64 modala
strategies across four uniform terrain scenarios. fifth
environmental test with a varied terrain profileaiso defined
to test EMULSIoN’s dynamic weight re-allocation both
modulations. The metrics used as inputs were wislwg =
RSS and w3 = Jitter. The results presented in RgTable 2
demonstrate how EMULSIoON outperforms a pre-confgur
strategy in terms of throughput. It can be seeh tthaughput
increased in every uniform environment test case.
TABLE 2: Throughput comparison for Test Cases 1 - 4

| QAme4 | | QAM16 |
Case‘ C';:%'g ‘ EMULSION ‘ Cz:ﬁi'g ‘ EMULSION
No Foliage 2542 1900 1981
?&?532 2021 1800 1980
,E’c)‘?gzz 1558 1750 1980
Foligggﬁ\iﬁnd 1310 1640 1776

Table 2 illustrates how the EMULSION algorithm has
mitigated worst-case environmental interferencee Teight
allocation learned by EMULSION balances the usagboth



the high-speed and robust netwovkish consideration for th
scenario’s terrain profileThe ability to switch directly t
robust networks when Wikk network performance decrea
means there is also a heaeguction in periods of no servi
and heavy datéoss. The user is guarantethe best possible
QoS throughout their journefeMULSION is still effective
even in scenarios weraore robust data rates are used as
be seen in Table 2.

MOS Comparison

B QAM64 Pre-config

QAM64 EMULSION
B QAM16 Pre-config
B QAM16 EMULSION

No Foliage

Fig 4: MOS comparisofor all strategies and scenat

Sparse Foliage

Dense Foliage ~ Dense Foliage/Wind

For the uniform environment test cases, a ten raitatg
clip was streamed for the entirety of tie® minute journeyA
more robustransmission may result in a seamless exper
but the results seen in Fig 4 & TablesBow EMULSION is
capable of mitigating the largeegradationthat can occur to
streamed video on higher rates. This improvemenhigher
data rates means that Idandwidth; high quality video code
such as HEVC can be used withdear of major quality
degradationlt can be seen in dense foliage environmentsa
pre-configured approach produces powerall videoquality.
A MOS rank of 2 or lower indicatdbe received video woul
exhibit traits such as frame loss ahidh amounts olvideo
artefacts. Even in the worst possiklevironmentaconditions,
EMULSIoN returns a video quality close tank 3, indicating
a watchable videwith slight visible errors prese.

TABLE 3: MOS comparison of uniform scenar
QAM64 QAM16

Pre- Pre-

config =B e config

EMULSIoN

No Foliage

Sparse Foliage

Dense Foliage

Dense
Foliage/Wind

Fig 5 details EMULSIoN’sperformanc for the varied
terrain scenario, in which thenvironmer is composed of
three different terrain profilesdivided into su-routes. A
median weight allocation that attempis optimize for the
entire route across all three sub-routeay be detrimental
towards overall QoS/QoOE. The journaythis scenari starts
with no surrounding foliage, and themters a dense forest
area with no LOS componertefore stopping in a spar
foliage area. The weights for each sobite were assigned tl
weights of their corresponding uniform scenario

comparison. ltcan be seen that performance of the QA!
links remains stable throughout the simulation witttle to no
degradation occurringn this casefalling back to the backup
link at the edge of cell covera has allowed EMULSION to
overshadow a pre-configuregproach. FOQAM64 data rates,
the resultis significantly different. Th increased fluctuations
in the environment in combination with the smaklewverage
areas of the high-speeatktworkscan cause long periods of
latency in a pre-configuredpproachEMULSION avoids this
problem by instead making use of designated fall-back
networkat these points instead. With this approach theadi
potential throughputas raised significan.

—Fre-config QAMBA Pre-confiz UAM1b —Emulsion QAMBA —EmulsionQAM16
200
e Extemely Dense Sparse Foliage =
Foliage and Bad _—
No Foliage wind conditions —
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Fig 5 Throughput performance in the varied Environr
scenari

Fig 6 & 7 shows the resudtf video streaming through the
varied terrain environmenin this scenari, a one minute long
clip is streamed at eve§0 second:«along the route with the
MOS score for each instance being calculated upon
journeys completionusing Evalvi. This showcases how
changing terrain profiles caaffect videc quality. For these
tests, the weight allocation was dynamically shift® the
optimal weight allocatiomeached by the ANN in its respecti
uniform scenario. In practiceghe weight are changed from
high weights for theno foliage portion to low weights for the
bad weather/dense foliagend to mid-high weights for the
sparse foliage terraiWith this methodvideo quality remains
at an adequate standard for theation of the journe.

Video Streaming on QAM64
—QAME4 = QAM64 pre-config
5
4
w 3 T~ I
g 2 ——_\\ ~
1 —
0
1 2 3 4 5 6 7 8 9 10
Minutes

Fig 6: MOS performance on a minute by minute bfor
QAM64

In Fig 6, video qualitystarts offhigh but decreases as the user
approaches the edge of the high speed coverag. This
signifies fallbacks to the backup network becdng more
frequent over time When the user enters the worst ¢
environment at the halfway marthe MOS score drops to



around 1. This is due tthe video stream experienc high

levels of loss occurringAs the user enters ttsparser foliage
area, more time is spent again on hiigh speed networks ai
video quality increasesAt no point in the scenario does |
MOS score drop below 3, indicating the video wilvays be
of adequate quality.

Video Streaming on QAM16
=——Q0AM16 === QAM16 pre-config
5
T
=]
B
1
0
1 2 3 4 5 6 7 8 9 10
Minutes

Fig 7. MOS performance on a minute by minute basis
QAM16

For the QAM16 scenaridlustrated in Fig 7, performanc
is generally the sae but with more fluctuation. The la
weight values mean there is more competition betwine
WIMAX networks and the backup networks. Handovers
frequent especially in the worst case conditionshe
fluctuating loss rate means video quality nevetlestin a
certain range. These potential fluctuations camdidressed i
future work, where factors such as video qualitgsédtion car
be considered. The QAM1éxperiences similar quality dro
to the AM64 scenarios and returns a below average v
quality for each minute of the simulation.

V. CONCLUSIONS

This paper describes the EMULSION, a plugga
configurable and extensible handover architect@sighed tc
mitigate for environmental conditions feehicular scenario:
It maintains adequate levels ofultimedic quality across
different topographical scenarios. It operates Isgigning
configurable synaptic weights onto network perfonge
metrics. In response to the overall performancesggpced n
a user’s journey, it reonfigures these weight allocations
encourage better performance for future journeysr ahat
route. It also further considers the topographiold over &
certain vehicular route and divides it into -routes based off
of their terrain. Each sulmute is trained with its own set
weights. This defends against sudden shifts inofacsuch a
foliage density and terrain type during the usgogarney.
Results presented show thBMULSION outperforms pre-
configured weight gproaches in both potential throughput :
video quality. Future work will involve further ceideration
for different weather patterns. This will involvedding a
separate neural network to the algorithm that ifieatwhich
weather patterns would have tdeental effects ol
environmental factors and makesemporary weigh
adjustments to mitigatperformance fluctuatio.. Other work
will involve an analysis of how EMULSIoN can supp
layered video coding (SVC, HEVC) distribution inffdrent
vehicular scenarios. Subjective tests walso be done to

further highlight EMULSION capability in vehic-based
multimedia streamingcenario
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