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Abstract—Energy consumption has been a critical factor
for video services on mobile devices. Existing ergyr-aware
video delivery solutions focus on reducing the engy
consumption at either networks or mobile devices, tathe
expense of decreasing video quality. This articlerpposes
E-Mesh, an energy-aware wireless routing algorithmvhich
balances the need for energy saving with that of
maintaining good quality of video content. E-Mesh g
deployed at the network layer and works in conjundbn
with an innovative energy-aware MAC-layer duty cyce
management scheme. Both simulation and perceptual
testing were performed investigating the performane of
E-Mesh. In particular, the impact of E-Mesh on conént
delivery data rate, network topology scale and deue
mobility were studied. Results demonstrate that E-Msh
obtains up to 23% energy savings at roughly the saen
content delivery quality level, in comparison with the
state-of-the-art IEEE 802.11s routing protocol.

Index Terms—energy consumption, routing protocols,
multimedia communication, perceptual testing

|I. INTRODUCTION

OVER the past decades, the demand for supporting data
communications has increased significantly. Witle th

advances in wireless network technologies, usageireless
devices has also increased rapidly, accompaniegtdoyth in
the data traffic associated with rich network sessj such as
video-related application services on mobile devittigh user
Quality of Service/Experience (QoS/QOoE) for suctvises is
considered essential for their further developmeotvever it
is challenging to provide high quality video wirsdeservices,
as the network resources involved are often consila
Energy consumption is another important issue,f&h ahere
are limited power budgets while performing complend
energy-consuming application tasks. It
energy-saving in the network and at the level obileadevices
is needed for offering the ability to maintain higbality video
wireless delivery services. There is a need to §oldtions to
achieve energy-effectiveness while also maintaingapd
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QoS/QoE levels for the wireless video services ifergnt
network layers [1-3].

This article introduces an energy-aware wirelessting
algorithm E-Mesh [4] which works on top of the d&sOLSR
[5] protocol and makes use of a novel multiplicatlmsed
utility function when determining the best router fmaffic
delivery. This function combines utility componenthich
reflect remaining energy level, transmission distarand
network load. E-Mesh works in conjunction with AQQAC
[6], an energy-aware router duty cycle managememrae in
order to manage the sleep-periods of the netwovicedg in a
smarter way based on link-state communication ¢mmdand
to reduce the energy consumption of routers bynehieg their
sleep-periods. E-Mesh is illustrated and tested
guality-oriented energy-aware video deliveries owéreless
mesh networks.

This article is organized as follows. Section Itraduces
several state-of-the-art related works on enerfjgient
routing protocols. Section Il presents the ardtitee of
E-Mesh. Section IV and V introduces the simulatiamd
perceptual test bed settings, respectively. Sedfilopresents
and analyzes the simulation and perceptual teglise3 he last
section concludes our work and presents future ytais.

for

Routing protocols for mesh networks can be impleegtn
with various technologies, among which the IEEE .8082
routing protocol [7] is of particular interest. dtefines the
Hybrid Wireless Mesh Protocol (HWMP) as the keythog
algorithm, employed by mobile devices to commurgoaith
each other in a mesh manner and get access tatsideof the
mesh network through gateway devices. It provides
hierarchical schemes for data forwarding via a-likeelogical
structure in mesh networks and on-demand routihgrses for
addressing mobility.

RELATED WORKS

is clear t tha Several research efforts have put in the desigadeinced

routing mechanisms with the goal to either incredskvery
performance or encourage energy saving.

SOAR [8] is a proactive link-state-based routingtpcol
proposed for explicitly supporting multi-flow in wless mesh
networks. It attempts to improve the network thigugt and
fairness by introducing the following mechanismdagtively
selecting forwarding paths to leverage path ditersind
reducing duplicate transmissions; determining ogkim
forwarding nodes in terms of priority timer; lodaés recovery
to handle dropped packet detection and retransonissi
adaptively controlling data sending rate accordimgetwork
conditions. With these mechanisms, SOAR offers ebett
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Fig.1. Wireless mesh network topology
tolerance on the instability of wireless networkdioen with
the hop-by-hop data forwarding in comparison witiditional
shortest-path routing protocols. The performanc&ORAR is
evaluated through simulations and real test-beérxgnts for
single-flow and multi-flow scenarios with varioustwork
topologies.
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Fig.2. E-Mesh architecture
considers QoS trust value, energy level of sensdes and
correlation between sensor nodes. Simulation eshibw that

Route Selection

Results show the SOAR achieves high&EQAR performs high efficiency on network lifetirmad QoS

improvement on the network throughput under symimetrin wireless multimedia sensor network.

losses than asymmetric losses with single-flow ades, and
significant improvement on the flow index fairnessth
multi-flow scenarios.

The multi-flow joint optimization routing algorithm
proposed in [9] works as the key part of a crogefa
cross-overlay architecture. It provides fast infation
exchange during cross-layer parameter update irrotd
enable proactive traffic performance optimizatising a mesh
internetworking system with network centric compgti The
routing algorithm gathers link-state information mwiultiple
traffic flows from a global database deployed i thnesh
internetworking system and makes a joint optim@ato meet
the constraint of every flow. Factors utilized ihet joint
optimization for route decision differ accordingdonstraints
of different flows. Examples of such factors inautie end trip
time over the link (for applications with stricteéto-end delay
constraints) and the effective throughput of thewfl(for
applications with significant bandwidth demand doaists).
The preferred routing choice is decided indepengdayteach
flow based on the result of the joint optimizatiasing
extensions of the Dijkstra’s algorithm.

The authors of [10] present an enhanced versitimeafiewly
proposed IPv6-based routing protocol RPL [11] fensor
devices with constrained resources. The enhancédoRers
QoS-aware support for multimedia services overioaigRPL
networks in terms of delay, and also minimizes gyer
consumption and carbon footprint emissions. Iteabs this by
replacing the parent sensor node selection meahainishe
original RPL implementation with a new set of netkvmetrics,
such as delay constraint, battery consumption demiil
parent nodes and type of root node energy sources.

EEQAR [12] is proposed as an energy-efficient Quiing
mechanism for wireless multimedia sensor netwdlksed on
cluster hierarchy of the network, EEQAR balancesrgy
consumption of sensors by re-arranging the positodrsensors

in the same cluster to change network structured asharing

establishing routing with an optimization factobl& which

A routing metric based on an optimized queuing rhdteket
considers data rates, interference and packefdossulti-hop
wireless network is proposed in [13]. Cross-laydoimation
from different OSI layers is considered, so théuiefice from
interference is minimized. Nodes with higher capeare with
higher priority during routing so that load balargicould be
optimized and streaming quality could be ensured.

ADHORP [14] is proposed as a routing algorithm wliblv
overhead, which is adaptable to wireless mesh rmswti uses
heuristic information metrics to support routingd@ns based
on residual energy demands. The network traffid loathe
network is balanced among nodes using the energyicme
without compromising communication. Each node inHDP
network stores certain amounts of message betweelf and
other nodes in the network. Any changes in the adtwwill be
broadcasted by the nodes with adequate resourckallathe
other nodes update their local message. As a réisaltouting
table is updated efficiently.

An energy-aware routing protocol for self-powereideless
mesh networks LPR is proposed in [15]. A novel gpdtow
model is introduced in LPR, which is based on mtdon of
communication and energy harvesting equipment harelw
specification, high  resolution, time-varying weathe
information. LPR balances the available energy btidgross
all the nodes in the network so that power failuge
distributed among all participating parties.

In [16], a QoS-aware backup routing algorithmiisgosed
to work with an available bandwidth estimation mesgsm to
accommodate stable QoS for multimedia flows in rfeobi
wireless mesh networks. The bandwidth estimaticengfnode
in a network is based on the effective channel cigpand the
total occupied bandwidth of this node and its neahnodes
that share a common channel. The backup routingrittign
includes such information of the node into routécwdation
information packets to be broadcasted to neighboriades
the same channel for
Meanwhile, to reduce overhead caused by frequeuntero

bandwidth estimation.
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discovery in mobile wireless mesh networks withtabke link  routers move with a random velocity within the rargf this
guality, a backup piggybacked path (whose availablkgrcular area while others remain fixed. The md&ntny.; is
bandwidth is the second maximal among all the paihs moving with constant velocity when mobile, with itstial
selected apart from the primary path when routstablished position at the edge of the circular area consttierke location
after exchange of route request/reply messagesbatnodes, of the mesh data sourngis fixed at the center of a circular area
in order to provide more reliable connectivity. Muledia ©Of consideration, as shown in Figure 1.

stream are transmitted via the primary path bywetmless it~ While the video content is being streamed fromréiTaote

is disconnected, in which case the backup patbtisaed for ~SErVer to the user device, the video data paclass fhrough
transmission. Simulation-based results have prabhen the mu_ItlpIe routers in th.e wireless mesh n.et.work alane
backup routing algorithm successfully shortened tbete delivery route. Depending on the traffic conditi@msl network

establishment and re-built time, which is beneficfar topology variation in the wireless mesh networks thelivery
route may change. The network operators of meskem®u

real-time multimedia communications. . desire to reduce the energy consumption on theivorg,

Recent researchlworks focus. more on allocating memile ensuring the QoS provisioning of the videteaming
network resources in a more efficient way. [17]SBr®S a genices. To achieve this, the network operators aeploy
SPEA-based routing algorithm which considers sisoppath, E-Mesh, which offers an innovative way to balanoergy

energy consumption, free-space loss and restrictiondelay  consumption, network load and connectivity for mestiters
and network bandwidth. The algorithm works in aridisited during the video streaming service.

and multi-objective way as each mesh node in therdthm is )

able to select any other nodes on its routing padthe B. E-Mesh Architecture

complexity of the algorithm is independent from thember of ~ E-Mesh is based on the following assumptions:

mesh nodes so that it is suitable for large-scalstnmetworks. ®  The maximum communication ranges of the mesh

Also, the algorithm is capable to handle both usticand nodes (i.e. mesh router, mesh data source and mesh
multicast schemes. client) are the same (definedkas
Despite of these and other research efforts, natienl ~ ® Each mesh node has the capability to determine its
balances well both energy saving and performanceevess. position in terms of coordinat;(Y;) and to measure its
remaining energy leve; and traffic load.;.
IIl. ARCHITECTURES OFE-MESH ® The time for the client to get the information frahe

routers (such as their position and remaining gnerg
level) is very short in comparison with data
A. General Network Topology transmission time and the client movement timeescal
Consider a wireless mesh network topology illusiain The block architecture of E-Mesh is illustratedFigure 2
Figure 1, in which the remote video server is ajlsiresh and contains the following three modules:
source noden,. There aredN mesh routersng to ny) for data 1) Route Information Collector: obtains router
forwarding and at least one end user smartphorteeamesh information such as remaining energy on each rputer
clientny.1. The position of each of thebkrouters is randomly instant traffic load on each router and distanasiors
distributed in a circular area with radiBs Some of the mesh between routers.

This section presents proposed E-Mesh'’s architectur
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TABLE 1 CoMMON PARAMETERSUSED INE-MESHTESTING
Symbol DESCRIPTION Value (unit)

Din Minimum distance between the mesh client and eaathmoute 0 (meter

Dima Maximum distance between the mesh client and eaxsh moute 150 (meters

Ema Maximum amount of remaining energy of each meskerou 100 (Joule)

Lmin Minimum network traffic load of each mesh rot 0 (Mbps

Lima Maximum network traffic load passing each mesheput 2 (Mbps)
N Number of mesh route 2C
T The overall simulation tirr 20C(s)

2) Energy-Load-Distance-based  Utility =~ Function: In the wireless mesh network topology shown in Fegl,
computes the utility function for all the mesh rengt each mesh routey; considers the following three key criteria
based on the information from the Route Informatioffor utility calculation: its local position in tersnof the K, Y))
Collector module. coordinates, its current network traffic loadand its remaining

3) Route Selection: establishes the best route for trafficenergyE;. The remaining energy and network traffic load for

delivery based on a sequence of energy-load-distaneach mesh router are updated periodically durirggilleo

-aware utility values provided by the utility furar.

B-1 Route Information Collector

streaming traffic delivery. Hence for each meshteoun;, the
Energy-Load-Distance-based utility function is skhovin
equation (4). It relies on the following componessdescribed

This module is in charge of collecting network/, equations (1), (2) and (3):

device-condition-based information from the meshitecs,
including the remaining energy levels at each mesher,
current traffic load amount and distance betweeshmeuters,
calculated using the position of each router. Tiiermation is
used when computing by the utility function to ass¢he
general condition of all the nodes in the wirelessh network,
in order to select the most suitable route forficafelivery in
terms of the least energy consumption on the mesters,
optimal traffic load amount on the mesh routers distlance
between routers within their maximum communicatiange.

The information is collected from the headers & &TIM
[7] packets sent by the PHY layer and forwardedheyMAC
layer. The messages are stored and updated inbal glmute
information table in which the utility function abhs the
information as it needs. The process of the infdiona
collection is illustrated in Figure 3. The inforruat of
remaining energy and current network load of eaebhnouter
is included in the ATIM packets by the PHY layedasent to
the MAC layer. After the MAC layer receives the kets, the
information of ¥, Y) position of each mesh router is added
the headers and the packets are forwarded to thvrelayer
where E-Mesh obtains such information and storesitim the
global route information table.

The duty cycle of each mesh router is controllethwine
MAC-layer solution AOC-MAC, which periodically obses
the communication states of the mesh routers irdud the
ATIM packets from E-Mesh and adjusts the lengtthefactive
periods of the mesh router in the duty cycle adogrdo the
communication states.

B-2 Energy-Load-Distance-based Utility Function

The responsibility of the Energy-Load-Distance itil
Function module is to calculate the utility for banesh router
to enable choosing the next hop for the trafficrfrine neighbor
mesh routers of the current mesh router. The neightesh
router with the optimal utility value will be seted as the next
hop of the traffic and it will search for its nelxop with the
utility values of all its neighbor routes recaldelc.

1) Remaining energy scofgn):

E(n) = 7 (1)
2) Distance scor®(n):

D(ny) = 5 ()
3) Load scord.(n):

L(ny) = i 3)

Lmax — Lmin
In these functiong, D andL represent the current remaining

energy, distance to the mesh client and traffid lofroutem;,
which are obtained by the Router Information CdthecE sy
Dmax and Lax represent the maximum value of remaining
energy, distance to the mesh client and traffid loroutem;,
while Dpin andL i represent the minimum distance to the mesh
client and traffic load of router, .

L)W+ D(njVd .
C(ny) = % (1 <=i<=N) (4)

In equation (4W,, Wy andW, are adaptive weight factors for
the utilities, respectively. The weights repregbetimportance
of the different utilities in the route selectidrhe values of the
weights are decided by the network operators ofitbgh nodes
in the wireless mesh network, depending on diffepassible
demands on various situations. For example, theevad\W\, is
set higher in the case that the energy consumjgticonsidered
more important. On the other hand, if the netwoperator
cares more about network load, the values\pfcan be set
higher. As already mentioned,represents the total number of
mesh routers in the wireless mesh network.

B-3 Route Selection

Based on the utility calculation results provided tie
Energy-Load-Distance Utility Function module, theou®e
Selection module is responsible for picking the mesuters
with the optimal utility values hop by hop, stagifrom the
router closest to the remote server and endindatrouter
closest to the mesh client, to build the optimaffic delivery
route balancing the energy-load-distance criteribhe
utility-optimal route is updated periodically byighmodule,



according to the change of network conditions amgtimg The energy model used in both scenarios is an sixtemf

device characteristics. the energy model provided by NS-3, which measuirepower
When no neighboring mesh routers are detected gitine@ of mesh devices by multiplying two main factors:

routing process, a disconnection announcement genmathe 1) Voltage: The voltage is set in the initializaticage of

form of a 0-1 bit message (0 represents no disadimmeand 1 the topology with a fixed value 3.0 V.
represents disconnection) and sent to the Routaniation 2) Radio current intensity: NS-3 supports five differe
Collector module. After receiving the disconnection working states of each mesh device in the phytagat.
announcement, the Route Information Collector medtbres In each of them the mesh device has associated
the 0-1 bit announcement message into the OSPFp&et different current intensities. Our extended energy
headers before sending the OSPF packets to the MNps. model includes an additional SLEEP state, relet@ant
The disconnection announcement is then used by the our research:
MAC-layer protocol as the link state informatiorhig process a) |IDLE: the device is idle (current intensity | =
is illustrated in Figure 3. 42601A)

b) CCA_BUSY: the device has sensed the medium

IV. SIMULATION TESTBED SETUP busy through the CCA mechanism (I = 42§

c) TX:the device is sending a packet (I = 17.4mA)
d) RX: the device is receiving a packet (I = 19.7mA)

This section presents the detailed settings for the e) SWITCHING: the device is switching to another
simulation-based testing. Modeling and simulatiorasw channel if it is multi-channel (I = 428\)

performed using Network Simulator 3 (NS-3) [19]sien 13, f) SLEEP: the device is off (I = 20uA)

enhanced with an AOC-MAC model [6]. _ B The transmission quality is estimated in termshef PSNR

~ The wireless mesh network topology used in the Bititn | .),0 of the received data stream, which transtaeeffect of

is illustrated in Figure 1, containing the followicomponents: i o+« and loss on user perceived quality acogrdo the
® Nmesh routersr, n, ...ny for data forwarding. formula [21] presented in equation (5). The relaship
® Two mesh clientsn, and ny., No is used as the peyyeen various PSNR values and the correspondiey u

user-required video source, i.e., the sender,iad  orceived quality levels is illustrated as assedidty the ITU T.
works as the end user device, i.e., the receiver. P.800 standard [22]

The positions of th&l mesh routers are randomly distributed _ MAX _Bitrate
in a circular area with radil’ PSNR = 20log:o( frn—crr mr?) ®)
. . In equation (5)MAX_Bitrateis the average bit rate of the
B. Slrn_ulatlorl Test Bed Setup for E-Mesh ) ) data stream transmitte@XP_Thris the average throughput
In simulations the videos were transmitted using a@xpected to be obtained a@RT_Thris the actual measured
extension of the EvalVid model [20], a tool-set disr 4yerage throughput. According to the parameteringstt

measuring video quality during transmission througl-time  resented in Table 1, the valuedAX_BitrateandEXP_Thrin
or simulation networks. In order to avoid unneces$@MP equation (4) is 2 Mbps during simulation.

A. Simulation Topology for E-Mesh

traffic during transmission, EvalVid obtains vidiedormation The following test scenarios are designed for EfMes

by parsing the trace file of the video frames which generated @  gcenario Bithe traffic load weight\ is set as 1.0, 2.0,
by the mp4trace tool inside. After transmission, SQo 3.0 and 4.0.

parameters such as frame loss rate, end-to-endy,dela @ gcenario B2the remaining energy weigh\, is set as
cumulative jitter and several video quality measuat 1.0. 2.0. 3.0 and 4.0.

matrices are generated as output for user-perceiweeo ® Scenario B3the mesh router distance weighj is set

quality evaluation. as 1.0, 2.0, 3.0 and 4.0.

To study the performance of E-Mesh within different por each E-Mesh scenario, testing was based on the
wireless mesh network environments, separate Gestasios following two settings of mesh router mobility case

were performed to study the impact of different giefactor ® Case 1 All the N mesh routers iy, m, ...} were

settings in the E-Mesh utility function [4] and fdifent settings allocated with fixed positions, which were unifogml
of mesh router mobility. Each scenario includespacgic distributed in the range of [0zRwith in the circular
experimental setup based on the topology illustraté-igure 1. area. The position of mesh cliemwas at the center of
The performance of E-Mesh is evaluated in termsthef the circular area, remaining fixed. The mesh clignt
following parameters on each mesh router, in comparwith moves from the boundary of the circular area toward
the performance of the IEEE 802.11s routing prdtoco no, With a constant speed 2.0 m/s.

® Average energy consumption rate ® Case 2 The mesh routers were allocated with an initial

® QoS parameters such as video packet loss rate and random pause period between [0, 2] (seconds), a

ngtwork thYOUthUt random movement direction value between [f],ghd
® Video quality assessment parameters a random speed value between [1.0, 2.0] (m/s) tdsvar
Tests are initialized with the parameters listedable 1. this direction until it reaches the boundary of thesh

network with rangdR, as shown in Figure 1. The mesh



(a) Source video frame
Fig.6. An example of the quality of the originabameceived video clips (images frofB&ck to the Future’Courtesy of Universal Studios Licensing LLC)

Fig.4. Experimental real-life test-bed topologyrineiple

client ny+; was allocated with a constant speed 2.0 m/s
from at the boundary towards the mesh cligibcated
and fixed at the center of the circular area.

(b) Received viftame
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Fig.5. Experimental real-life test-bed topologydis®eployment

V. PERCEPTUALTESTBED SETUP which the NS-3 server node in the simulation togglas

The simulation-based tests described in the predeations
have provided performance evaluation for E-Mesteims of
energy consumption rate, transmission QoS paraméteg.
loss rate, delay) and estimated transmission gualithough
PSNR was used in the simulation-based tests tmatsiuser
perceived quality, quality evaluation based on actu
measurements and perceptual testing were perfommexier

connected with the multimedia server host and tBe3N\tlient
node in the simulation topology is connected whkb tlient
host, using the Tap Bridge module. This ensures thea
solution implementation has impact on the traffitivery from
the multimedia server host to the client host. Fagbi further
presents the photo of the test-bed based on thelomp
illustrated in Figure 4.

to confirm the simulation results. For this purpoaeeal-life B. Equipment and Software Specifications

test-bed with an E-Mesh prototype has been set-up.

Several video clips were transmitted for perforneanc ¢
evaluation. The delivered video clips were savethatmesh
client device and were evaluated using objectivesarbjective
video quality assessment metrics.

A. General Topology

Prototyping of E-Mesh was done using the NS-3 Tagdge
[23] mechanism, provided as a particular NS-3 medtihis i
enables the integration of real-life Internet host® NS-3
simulations. The experimental test-bed topologillustrated
in Figure 5, and consists of a multimedia serverliant
machine and a “Bridge” host set in between the eseand L4
client. The multimedia server and client are insthwith one

The hardware equipment involved in the tests isdidelow:

Multimedia server host: a desktop with Ubuntu 12.04
Intel Core i7-3770 at 3.48GHz and NetXtreme
BCM5722 Gigabit Ethernet PC card

Client host: a desktop with Ubuntu 12.04, Intel €or
i7-3770 at 3.48GHz and NetXtreme BCM5722 Gigabit
Ethernet PC card

“Bridge” host: a desktop with Ubuntu 12.04, Inteiré
i7-3770 at 3.48GHz and two Ethernet cards:

- NetXtreme BCM5722 Gigabit Ethernet PC

- 82579LM Gigabit Network Connection

2 KRONE PremisNET CATEGORY b5e Ethernet
cables

single Ethernet card. The “Bridge” is installed lwitwo The software used in the tests is listed below:

Ethernet card€th0 and Ethl, connected to the multimedia @
server and client using Ethernet cables, respdgtiVee NS-3
implementation of E-Mesh is deployed at the “Britigest, in

Video LAN Client (VLC) [24]: an open-source video
player supporting multiple operating systems andtmo
of the existing codecs. VLC is deployed at both the
multimedia server host and the client host, used fo



TABLE 2 ENERGY CONSUMPTIONRATES, TRAFFIC LOSSRATES AND PSNRV ALUES WITH DIFFERENTSETS OF THETHREEUTILITIES FOR802.115 AND E-MESH

Energy Consumption Rate
E-Mesh Utility Function Weight (Joulels) Loss Rate (%) PSNR (dB)

Factor 802.11s E-Mesh 802.11s E-Mesh 802.11s E-Mesh

Sta Mov Sta Mov Sta Mov Sta Mov | Sta | Mov Sta Mov
1.0 | 23.98 24.9 20.71| 2214 2.984 3.113 4.057 4.386 B@®6.14| 27.84] 27.1¢
Traffic Load 2.0 | 23.98 24.9 21.55| 2288 2.984 3.2P1 4.057 4.467 B®8.84| 27.84] 26.9¢
3.0 | 23.98 24.9 22.07| 2336 2.984 3.3p6 4.057 4.514 B®@9.61| 27.84] 26.91

4.C | 23.9¢ 24.9 | 224C | 23.7¢ | 2.98¢ | 3.357 | 4.057 | 4.54¢ | 30.E | 29.4¢ | 27.84 | 26.8¢
1.0 | 23.98 24.9 20.71| 2214 2.984 3.113 4.057 4.386 B®B.14| 27.84] 27.16
Remaining Energy 2.0 | 23.98 24.9 1953 2066 2.984 3.261 4.057 4.496 B®9.76| 27.84] 26.94
3.0 | 23.98 24.9 17.78 18.4| 2.984 3.362 4.057 4.572 3®8.47| 27.84] 26.7¢
4.0 | 23.98 24.9 15.12 16.66 2.984 3.449 4.057 4.527 B@8.24| 27.84] 26.6¢

1.C | 23.9¢ 24.8 | 20.71 | 21.6€ | 2.98¢ | 3.11% | 4.057 | 4.38¢ | 30.E | 30.1¢ | 27.84 | 27.1¢€
Mesh Router Distance 2.0 | 23.98 24.9 20.56] 2149 2,984 3.2p7 4.057 4.502 B@8.64| 27.84] 26.93
3.0 | 23.98 24.9 20.45| 2135 2.984 3.426 4.057 4.587 B0X®.3 | 27.84| 26.77
4.0 | 23.98 24.9 20.38| 21.28 2.984 3.5p3 4.057 4.633 B®@8.11| 27.84] 26.68

video traffic sending and receiving. multimedia server host to the client host.

® MSU Video Quality Measurement Tool [25]: an corresponding NS-3 E-Mesh scenaBi®is deployed and
objective video quality assessment software which  simulated on the “Bridge” host, with different segs of
supports most of the objective video quality assess the mesh router distance weight and the mesh router
metrics such as PSNR, MSE, VQM and MSSSIM. It  mobility set to as follows:
requires the original video and the delivered vittebe -  Static: mesh routers have fixed positions.
simultaneous inputs of the video quality assessment -  Randomly Moving: mesh routers are moving with
metrics. uniformly distributed speeds and directions.

C. Video Clip E. Objective Quality Assessment

The video clip selected for transmission is a segadrom
the “Back to the Future” with the following parareet: size:
250 MB, duration: 25 minutes and 29 seconds, emgochdec:
MPEG-4, bit rate: 1339 Kbps, resolution: 1280x 7#28&me rate:
23.976 fps and color space: YUV. lllustrations @fnfies from
the source and received video clips, respectiviehypaesented
in Figure 6.

D. Experimental Scenarios

To investigate the video transmission quality d¥iEsh, the
following test cases are designed:
)

Despite the fact that PSNR [26] is not a standdodos
quality metric and has some limitations in termgo#accuracy,
as it is widely used for subjective video qualitgsassment,
PSNR was selected as the objective video qualdgsssnent
metric for the delivered video quality measurenddriE-Mesh.
This makes the comparison between the results reddie
delivered video quality is affected by QoS paramseseich as
packet loss and end-to-end delay. In general, higtadfic
throughput and lower loss indicate better receiiddo quality.
Figure 6 illustrates the quality of the originaldareceived
videos affected by the QoS parameters.

Case B1 The video clips are delivered from theF. Subjective Quality Assessment

multimedia server host to the client host. The pPSNR was used for measuring the received videdtgial

corresponding NS-3 E-Mesh scenaBibis deployed and
simulated on the “Bridge” host, with different segs of

the traffic load weight and the mesh router mop#iet to

as follows:

Static: mesh routers have fixed positions.

uniformly distributed speeds and directions.

the real-life experimental tests, as there are rtepihat the
PSNR-based objective video quality assessment dats
correlate perfectly with the user perceived qudlibyn human
vision, which behaves non-linearly. This sectioesents the
investigation of the performance of E-Mesh usingjsctive

Randomly Moving: mesh routers are moving withvideo quality assessment. MOS [22] was selectedhas

subjective video quality metric. The MOS qualityakis from

The

Case B2 The video clips are delivered from thel to 5, where a value of 1 indicates “bad” quadityl a value of
multimedia server host to the client host. Thé& indicates “excellent” quality. Test video sequescare
corresponding NS-3 E-Mesh scenaBidis deployed and transmitted from the multimedia server host to ¢hent host,

simulated on the “Bridge” host, with different segs of
the remaining energy and the mesh router mobiétyte
as follows:

Static: mesh routers have fixed positions.

uniformly distributed speeds and directions.

over the “Bridge” host where the prototyping of Eesh is
deployed within NS-3. The delivered video clips al#ained
based on the same test cases described in theiobjecleo
guality assessment in section VI B.

Randomly Moving: mesh routers are moving with The subjective tests were done in a separate roinouwy

any disturbance from outside. 20 users (12 mald8damales)

Case B3 The video clips are delivered from thewere invited to watch the video clips receivedhia test cases.



The age of users was distributed between 24 toeé®syold.
The occupations of the users include techniciansjests,
business people, engineers, etc. The users wathkeddeo
clips in different order and after watching eacthed clip, they
rated clip’s perceived quality based on the MOSrimdiy
filing a questionnaire presented on paper. Duritige
subjective test, any video clip presented to a uskrnever
repeat to the same user, in order to prevent usszdbm
according to the ITU-T Rec. P.913 [27].

VI.

A. E-Mesh Simulation Test Result Analysis

The network traffic load and remaining energy o tinesh
routers and the distance between mesh routerseinmiish
network are considered as the three key paramétetke
E-Mesh routing utility function. This section stedihow the
E-Mesh performance is affected by these parameters.

In the simulation-based tests, the weight of thewoek
traffic load, remaining energy and router distarinethe
E-Mesh utility function are controlled by the weidhctorW,,

RESULTANALYSIS

decrease along with the increase of the valus| déér E-Mesh,

as higher value o\ indicates higher chance of packet drop
and results in transmission quality decline. Witiffedent
values of W, the transmission quality of E-Mesh remains
roughly the same level in comparison with the IBER.11s
routing protocol, with approximately 0.4dB, 0.7dB9dB and
1.0 dB decrease.

It is clear that with static mesh routers, E-Meshiaves
considerable energy savings in comparison with BEE
802.11s routing protocol, while maintaining roughe same
quality level with different values df\i. The energy saving
benefit of E-Mesh decreases along with the incredsthe
value ofW, but still remains at a good level. When the insge
of W, exceeds a certain limit, the energy saving bedegs not
overcome the quality decrease any more.

When considering the influence rmaining energywhich
indicates energy consumption rate, the average ggner
consumption rates of the IEEE 802.11s routing matcemain
fixed. The average energy consumption rates of EHVe
slightly decrease along with the increase of tHaevaf\W,, as
higher value ofW, indicates deviations of selecting mesh
routers with more remaining energy during routimggess.

W, and W, respectively. The influence of each parameter WaRith the value oM\, set to 1.0, 2.0, 3.0 and 4.0, E-Mesh has

tested separately with various values varied frothtt 4.0,
representing the exponentially growth of the imance of the
weight in the E-Mesh routing utility function. Ftests of each
parameter, the values of the other two parameters et to
1.0 by default and remained fixed.

Note the energy consumption rates in the tests axgeage
rates of all the mesh routers in the considerediant not just
the ones along the selected path, as the pathyamically
vary during testing.

The test results for the three parameters were suined in
Table 2 and analyzed as follows.

Static Mesh Routers
As shown in Table 2, when considering the influente

achieved approximately 13.64%, 18.56%, 25.85% &n8436
energy savings in comparison with the IEEE 802 rbliting
protocol, respectively.

The frame loss rates of E-Mesh increase along with
increase of the value ®¥.. With the value of\, set to 1.0, 2.0,
3.0 and 4.0, E-Mesh has experienced approximat&g%4,
8.95%, 12.67% and 15.58% increase of the averageeftoss
rate in comparison with the IEEE 802.11s routingtgcol,
respectively. The PSNR values decrease along with t
increase of the value 8%, for E-Mesh while the PSNR values
of the 802.11s routing protocol remain the sameh\tfifferent
values ofW,, the transmission quality of E-Mesh decrease for
0.4dB, 0.8dB, 1.0dB and 1.3dB in comparison with tBEE
802.11s routing protocol.

network traffic load, the average energy consumption rates of Itis clear that with the static mesh routers,ghergy saving

the IEEE 802.11s routing protocol remain the saasd;lWMP
is used as the default protocol without the infeeefrom the
E-Mesh utility function. On the other hand, the mgye
consumption rates of E-Mesh slightly increase alaith the

increase ofW,, which results in deviations of selecting thet

active neighboring mesh routers with higher tralfiad during
the routing process, regardless of the remainitigglyaenergy

benefit of E-Mesh increases along with the increditiee value
of W,, as energy is considered with higher weight dutimey
routing process. In this case, E-Mesh achievesiderable
energy savings in comparison with the IEEE 802.tsle the
ransmission quality level remains approximately same.

When considering the influence distance between mesh
routers, the average energy consumption rates of the IEEE

on those routers. With the valueWfset to 1.0, 2.0, 3.0 and 4'0802.113 routing protocol do not change while therage

E-Mesh has achieved approximately 13.64%, 10.1396%

and 6.59% energy savings in comparison with theEEE

802.11s routing protocol, respectively.

The frame loss rates slightly increase along withihcrease
of the value ofW, as higher value of\j indicates higher
importance of traffic load during mesh router sttet and
results in higher chance of traffic overloading sadket drop.

With the value ofW, set to 1.0, 2.0, 3.0 and 4.0, E-Mesh haﬁmrease of the value o

experienced approximately 4.32%, 7.94%, 10.79%l12n86%
increase of the average frame loss rate in comgransth the
IEEE 802.11s routing protocol, respectively. Thé&NRS/alues

energy consumption rates of E-Mesh decrease aladtigtine
increase of the value &f/;, as higher value of\y indicates
lower transmission power. With the valueWidf set to 1.0, 2.0,
3.0 and 4.0, E-Mesh has achieved approximately 4%8,6
14.26%, 14.72% and 15.01% energy savings in cosgari
with the IEEE 802.11s routing protocol, respectvelhe
frame loss rates of E-Mesh slightly increase alorith the
while the frame loss rates of the
IEEE 802.11s routing protocol stay in the samellé¥ith the
value ofWy setto 1.0, 2.0, 3.0 and 4.0, E-Mesh has expeztenc
approximately 4.32%, 10.49%, 14.81% and 17.39%emse of
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Fig.7.PSNR achieved using 802.11s and E-Mesh with variakights on
traffic load when the mesh routers are static

the average frame loss rate in comparison with IEEE
802.11s routing protocol, respectively.
The PSNR values of E-Mesh slightly decrease aldtiytive
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Fig.8. PSNR achieved using 802.11s and E-Mesh with variakights on
traffic load when the mesh routers are moving

consumption rates of E-Mesh decrease along witlintrease
of the value of\;, while the average energy consumption rates
of IEEE 802.11s routing protocol remain fixed. Witte value

increase of the value 9, but roughly remain at a stable level.of W, set to 1.0, 2.0, 3.0 and 4.0, E-Mesh has achieved
With the value ofW, set to 1.0, 2.0, 3.0 and 4.0, theapproximately 11.01%, 17.03%, 25.11% and 33.09%gsne

transmission quality of E-Mesh remains roughlyshme level
in comparison with the IEEE 802.11s routing protpeath
approximately 0.4dB, 0.8dB, 1.2dB and 1.4dB de@eas

It is clear that with static mesh routers, E-Meshiaves
better energy savings in comparison with the IEER.81s
routing protocol, which increases along with theré@ase of the

savings in comparison with the IEEE 802.11s roufingocol,
respectively. The frame loss rates of E-Mesh dljgintcrease
along with the increase of the valuevidf. With the value of\,

set to 1.0, 2.0, 3.0 and 4.0, E-Mesh has experience
approximately 8.11%, 10.82%, 12.69% and 14.05%emse of
the average frame loss rate in comparison with IEE€E

value of Wy, while maintaining roughly the same transmissio®02.11s routing protocol, respectively. The PSNRies of

quality levels.
Moving Mesh Routers
As shown in Table 2, when considering the infllend

E-Mesh decrease along with the increase of theevafiw, and
the PSNR values of the IEEE 802.11s routing prdtcamain
the same. With different values b&, the transmission quality

network traffic load, the average energy consumption rates aff E-Mesh was approximately 1 dB lower than the EEE

the IEEE 802.11s routing protocol still remain thame,
without the influence from the E-Mesh utility furan. The
energy consumption rates of E-Mesh slightly inceeakng
with the increase of the value \0f. With the value o\, set to
1.0, 2.0, 3.0 and 4.0, E-Mesh has achieved appeairiymn
11.01%, 8.11%, 6.18% and 4.66% energy savings
comparison with the IEEE 802.11s
respectively. The frame loss rates of E-Mesh dijginicrease
along with the increase of the valueVigf With the value o\

802.11s routing protocol.

Note that E-Mesh achieves significant energy saviing
comparison with the IEEE 802.11s routing protooegardless
of the mesh router mobility. The energy saving ffiens
E-Mesh increases along with the increase of thaevafW,,
while the QoS level of E-Mesh decreases with movimesh

routing protocolrouters in comparison with static mesh routersskliremains

at a good level.
When considering the influence distance between mesh

set to 1.0, 2.0, 3.0 and 4.0, E-Mesh has expernienceouters, the average energy consumption rates of the IEEE

approximately 8.11%, 10.14%, 11.26% and 12.05%e&=e of
the average frame loss rate in comparison with |EHEE
802.11s routing protocol, respectively. The PSNRies of
E-Mesh decrease along with the increase of theevafu\,.

802.11s routing protocol remain the same while ¢hergy
consumption rates of E-Mesh slightly decrease alwitlg the
increase of the value o¥;. With the value of\; setto 1, 2, 3
and 4, E-Mesh has achieved approximately 13.01%G9%3,

With different values of\, the transmission quality of E-Mesh 14.26% and 14.54% energy savings in comparison thigh

remains roughly at the same level in comparisoh thie IEEE
802.11s routing protocol, recording approximately @B,
0.8dB, 0.9dB and 1.0dB decreases, respectively.

It is noted that with moving mesh routers, the gpesaving
benefit of E-Mesh in comparison with the IEEE 8021
routing protocol is less obvious than with statiesim routers,
and decreases along with the increase of the g

When considering the influencer@imaining energywhich
indicates energy consumption

IEEE 802.11s routing protocol, respectively. Thanfe loss
rates of E-Mesh slightly increase along with theréase of the
value ofWy. With the value ofV; set to 1.0, 2.0, 3.0 and 4.0,
E-Mesh has experienced approximately 7.51%, 10.906%
and 14.19% increase of the average frame loss irate
comparison with the IEEE 802.11s routing protocol,
respectively. The PSNR values of E-Mesh decreas®akith
the increase of the value ;. With the value of\; set to 1.0,

rate, the average ggnei2.0, 3.0 and 4.0, the transmission quality of E-Mesmains
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Fig.9. PSNR achieved using 802.11s and E-Mesh with variaights on
remaining energy when the mesh routers are static
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Fig.11.PSNR achieved using 802.11s an¥Esh with variable weights
mesh router distance when the mesh routers aie stat

roughly the same level in comparison with the IEER.11s
routing protocol, with approximately 0.7dB, 0.9dB1dB and
1.2dB decrease.

Note that with moving mesh routers, the energy reavi
benefit of E-Mesh in comparison with the IEEE 8021
routing protocol is roughly the same with than wkatic mesh
routers are considered, regardless of the valy&,of

B. Objective Test Result Analysis

Figure 7 and Figure 8 illustrate the measured P&$RIts of
the received videos for the E-Mesh experimentadldase B-1
with different weights on the traffic load, whenethmesh
routers are static and moving, respectively. Irurég7, when
the mesh routers are static, the PSNR of the redeiideo
slightly decreases along with the increase of th#it¢ load
weight factor value, but in general it remains stable level. In
this case, the PSNR of the received video usingeShvhas
decreased approximately 1.9%, 1.95%, 1.85% and2\0&h
the traffic load weight factor value 1.0, 2.0, 36d 4.0,
respectively, in comparison with IEEE 802.11s.

In Figure 8, when the mesh routers are movingPtBNR of
the received video again slight decreases along Wit
increase of the traffic load weight factor valuethis case, the
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Fig.12.PSNR achieved using 802.11s and E-Mesh with variaights
on mesh router distance when the mesh routers aringn

comparison with the IEEE 802.11s routing protobogeneral,
the average PSNR of the received video is lowemwthe mesh
routers are moving, in comparison with when thelmesiters
are static, as the mobility of mesh routers deaz#we stability
of the network connectivity. With the traffic loakight factor
value 1.0, 2.0, 3.0 and 4.0, the PSNR of the reckiideo
using the IEEE 802.11s routing protocol is roughl21%,
2.1%, 1.56% and 1.08% lower when the mesh routers a
moving, while the PSNR of the received video udtAlflesh is
roughly 1.76%, 2.32%, 2.68% and 2.39% lower whemtlesh
routers are moving.

Figure 9 and Figure 10 illustrate the measured P8#$RIts
of the received videos for the E-Mesh experimetdst case
B-2 with different weights on the remaining enefymesh
routers, when the mesh routers are static and mpvin
respectively. In Figure 9, when the mesh routegsséatic, the
PSNR of the received video slightly decreases alsitlg the
increase of the remaining energy weight factor @alwt in
general it remains at a stable level. In this csePSNR of the
received video using E-Mesh has decreased apprtelyna
1.9%, 2.32%, 2.46% and 2.89% with the remainingrggne
weight factor value 1.0, 2.0, 3.0 and 4.0, respebtj in

PSNR of the received video using E-Mesh has deedeaLOMparison with the IEEE 802.11s routing protocol.

approximately 2.4%, 2.17%, 2.96% and 3.35% withtthic
load weight factor value 1.0, 2.0, 3.0 and 4.0peesively, in

In Figure 10, when the mesh routers are movingPBER
of the received video again slight decreases alwitly the
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TABLE 3PSNRVALUES WITH 802.1%5 AND E-MESH
PSNR (dB)
E-Mesh Test Cases 802.11: E-Mesh
Static Moving Static Moving
1.0 2887 2842 28.21 2775
Traffic Load 2.0 28.44 27.82 27.89 27.24
3.0 28.01 27.54 27.47 26.69
4.0 27.6% 27.2¢ 26.9¢ 26.37
- 1.0 28.87 28.42 28.31 27.75
Fin'\(";ﬁsz \L/J\}('e'i';yht Remaining 2. 28.4° 27.6¢ 27.74 26.5¢
Factor Energy 3.0 27.91 27.45 27.19 26.44
4.0 27.58 27.35 26.73 26.26
1.0 28.87 28.42 28.31 27.75
Mesh Router 2.0 28.59 28.02 28.04 27.41
Distance 3.C 28.4: 27.8¢ 27.8:2 27.3¢
4.0 28.27 27.72 27.79 27.37
5.0 5.0
= 802.11s mmm 802.11s
il == E-Mesh 45 I E-Mesh
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Fig.13.MOS achieved using 802.11s andviEesh with variable weights on traf
load when the mesh routers are static

increase of the remaining energy weight factor @ala this

Weight Factor - Traffic Load
Fig.14.MOS achieved using 802.11s andEésh with variable weights on traf
load when the mesh routers are moving

are moving, the PSNR of the received video agaighsl

case, the PSNR of the received video using E-Meash hdecreases along with the increase of the meshrrdigince

decreased approximately 2.4%, 3.84%, 3.83% and/3\8i2h
the remaining energy w eight factor value 1.0, 3.0,and 4.0,
respectively, i n comparison with the IEEE 802.1asting
protocol. In general, the average PSNR of the vecevideo is
lower when the mesh routers are moving, in comparisith
when the mesh routers are static. With the remgieimergy
weight factor value 1.0, 2.0, 3.0 and 4.0, the PSMNRhe
received video using the IEEE 802.11s routing protds
roughly 1.21%, 2.59%, 1.46% and 0.79% lower whemtlesh
routers are moving, while the PSNR of the receixiddo using

weight factor value. In this case, the PSNR of itheeived
video using E-Mesh has decreased approximately,242%%,
1.89% and 1.45% with the mesh router distance wéagttor
value 1.0, 2.0, 3.0 and 4.0, respectively, in catispa with the
IEEE 802.11s routing protocol. In general, the agerPSNR
of the received video is lower when the mesh reuime
moving, in comparison with when the mesh routeesstatic.
With the mesh router distance weight factor valig 2.0, 3.0
and 4.0, the PSNR of the received video using tBEE!
802.11s routing protocol is roughly 1.21%, 1.88%9% and

E-Mesh is roughly 1.76%, 4.08%, 2.85% and 1.75%elow 1.9% lower when the mesh routers are moving, wh#ePSNR

when the mesh routers are moving.

Figure 11 and Figure 12 illustrate the measuredmP&isults
of the received videos for the E-Mesh experimetgat case
B-3 with different weights on the mesh router dis® when
the mesh routers are static and moving, respegtilrelFigure
11, when the mesh routers are static, the PSNReofetceived
video slight decreases along with the increasehef mesh
router distance weight factor value, but in geniénsmains at
a stable level. In this case, the PSNR of the vedevideo using
E-Mesh has decreased approximately 1.9%, 1.88%%d &hd
1.76% with the mesh router distance weight factdue 1.0,
2.0, 3.0 and 4.0, respectively, in comparison wita IEEE
802.11s routing protocol. In Figure 12, when thesmemuters

of the received video using E-Mesh is roughly 1.7@%27%,
1.82% and 1.61% lower when the mesh routers aréngov

The measured PSNR values of the received videos for

E-Mesh test cases are concluded in Table 3. Althoing
PSNR values demonstrate the decrease of receivdeb vi
quality when E-Mesh is deployed, good level of ggesaving
is achieved in comparison with the IEEE 802.11stingu
protocol, according to the simulation test respltssented in
section VI A.

C. Subjective Test Result Analysis

Figure 13 and Figure 14 illustrate the measured M&38lts
of the received videos for the E-Mesh experimetetsti case B1
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Fig.17.MOS achieved using 802.11s and E-Mesh with varialglights on
mesh router distance when the mesh routers aie stat

with different weights on the traffic load, whenethmesh
routers are static and moving, respectively. IruFégl3, when
the mesh routers are static, the MOS of the redeiidgeo slight
decreases along with the increase of the traffad laveight
factor value, but in general it remains at a stédbel. In this
case, the MOS of the received video using E-Mesh h
decreased approximately 2.58%, 2.62%, 2.68% ar¥3wWith
the traffic load weight factor value 1.0, 2.0, Z6d 4.0,
respectively, in comparison with the IEEE 802.1bsiting
protocol. In Figure 14, when the mesh routers aoging, the
MOS of the received video again slight decreasesgatvith
the increase of the traffic load weight factor \alln this case,
the MOS of the received video using E-Mesh has essad
approximately 3.5%, 3%, 3.96% and 4.63% with tredfitr
load weight factor values of 1.0, 2.0, 3.0 and #e8pectively,
in comparison with IEEE 802.11s. In general, therage MOS
of the received video is lower when the mesh reutare
moving, in comparison with when the mesh routeesstatic,
as the mobility of mesh routers decreases theligyabf the
network connectivity. With the traffic load weidfatctor values
of 1.0, 2.0, 3.0 and 4.0, the MOS of the receiveldo using
IEEE 802.11s is roughly 1.72%, 2.92%, 2.38% and®%.5
lower when the mesh routers are moving, while tl@3\bf the
received video using E-Mesh is roughly 2.65%, 3.29%7%
and 3.13% lower when the mesh routers are moving.
Figure 15 and Figure 16 illustrate the measured M&8Its
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16.MOS achieved using 802.11s and E-Mesh with variafelights on
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Fig.18.MOS achieved using 802.11s and E-Mesh with variallights on
mesh router distance when the mesh routers arengiovi

of the received videos for the E-Mesh experimetetsti case B2
with different weights on the remaining energy a&gh routers,
when the mesh routers are static and moving, résphc In
Figure 15, when the mesh routers are static, thesMOthe
received video slight decreases along with theemee of the
gemaining energy weight factor value, but in gehier@mains
at a stable level. In this case, the MOS of theiwed video
using E-Mesh has decreased approximately 2.58%4,%3.2
3.29% and 4.26% with the remaining energy weiglttdia
value 1.0, 2.0, 3.0 and 4.0 , respectively, in cangon with
IEEE 802.11s. In Figure 16, when the mesh routersmving,
the MOS of the received video slight decreasesnaghking
with the increase of the remaining energy weightdavalue.
In this case, the MOS of the received video usiAgdsh has
decreased approximately 3.5%, 5.44%, 5.2% and 5itbo
the remaining energy weight factor values of 1.0, 3.0 and
4.0, respectively, in comparison with IEEE 802.1hgyeneral,
the average MOS of the received video is lower whermmesh
routers are moving, in comparison with when thetemiare
static. With the remaining energy weight factorned 1.0, 2.0,
3.0 and 4.0, the MOS of the received video usirg IEEE
802.11s routing protocol is roughly 1.72%, 3.5%19%2.and
1.22% lower when the mesh routers are moving, witike
MOS of the received video using E-Mesh is roughl§5%,
5.72%, 4.02% and 2.54% lower when the routers anéng.
Figure 17 and Figure 18 illustrate the measured M&38lts
of the received videos for the E-Mesh experimetetsti case B3
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TABLE 4 MOSVALUES WITH 802.115 AND E-MESH
MOS (1-5)
E-Mesh Test Cases 802.11s E-Mesh

Static Moving Static Moving
1.0 3.49 3.43 3.40 3.31
) 2.0 3.43 3.33 3.34 3.23

Traffic Load 30 3.3€ 3.2¢ 3.27 315
4.0 3.29 3.24 3.19 3.09

. 1.C 3.4¢ 3.4: 3.4C 3.31
E'“éﬁf]rc‘ﬂ%tr']"ty Remaining 2.0 3.43 3.31 3.32 3.13
Weight Factor Energy 3.0 3.34 3.27 3.23 3.10

4.C 3.2¢ 3.2¢ 3.1F 3.07
1.0 3.49 3.43 3.40 3.31

Mesh Router 2.C 3.4¢€ 3.37 3.37 3.2¢
Distance 3.0 3.43 3.34 3.34 3.25

4.C 3.41 3.3z 3.3¢ 3.2F

with different weights on the mesh router distansben the
mesh routers are static and moving, respectivelfigure 17,
when the mesh routers are static, the MOS of tteived video
slight decreases along with the increase of thehnmeater
distance weight factor value, but in general itaém at a stable
level. In this case, the MOS of the received vidsing E-Mesh
has decreased approximately 2.58%, 2.6%, 2.62%2 840
with the mesh router distance weight factor valiie 2.0, 3.0
and 4.0, respectively, in comparison with the |[E&R.11s
routing protocol. In Figure 18, when the mesh romutare
moving, the MOS of the received video again sliditreases
along with the increase of the mesh router distaneght
factor value. In this case, the MOS of the receividéo using
E-Mesh has decreased approximately 3.5%, 3.26%%2d&hd
2.21% with the mesh router distance weight factdue 1.0,
2.0, 3.0 and 4.0, respectively, in comparison wita IEEE
802.11s routing protocol. In general, the averageS\vof the
received video is lower when the mesh routers areimg, in
comparison with when the mesh routers are statith e
mesh router distance weight factor value 1.0, 2.0,and 4.0,
the MOS of the received video using the IEEE 802 rbliting
protocol is roughly 1.72%, 2.6%, 2.62% and 2.64%dowhen
the mesh routers are moving, while the MOS of #eeived
video using E-Mesh is roughly 2.65%, 3.26%, 2.69% 2.4%
lower when the mesh routers are moving.

E-Mesh was analyzed in terms of energy consumptite
QoS and video-related transmission quality. Congpariwas
made between an IEEE 802.11s multi-router mesh arktw
with E-Mesh deployed and another mesh network \ilit
same parameter settings but without E-Mesh. Pedboe
analysis was investigated with the impact of vagisattings of
the traffic load, remaining energy and mesh roulistance
weight factors in the E-Mesh utility function inthaced.

Simulation-based test results of E-Mesh show themthe
mesh routers are static, E-Mesh achieves up tarafisant
22.9% energy saving, in return of a 9.65% incredsssiand a
0.7-dB decreased PSNR, in comparison with the IBEE11s
routing protocol, with various settings of traffoad, remaining
energy and mesh router distance weight factors.rtheemesh
routers are moving, E-Mesh achieves up to 19.8%ggne
saving, in return of a 13% increased loss and B fletreased
PSNR, in comparison with the IEEE 802.11s routingqxol,
with various settings of traffic load, remainingeegy and mesh
router distance weight factors. Experimental testuits of
E-Mesh show that approximately the same video tigson
quality level is achieved in comparison with th&EE802.11s
routing protocol, but while achieving important egyesaving.

As for all algorithms E-Mesh has an overhead, ésfigén
terms of energy consumption, data proces sing &omhge;
however this overhead is distributed equally acrlssnesh

The measured MOS values of the received videos faetwork nodes and therefore when selecting oneathar path

E-Mesh test cases are concluded in Table 4. Altholig MOS
values demonstrate the decrease of received vigadygwhen
E-Mesh is deployed, good level of energy saviractsieved in
comparison with the IEEE 802.11s routing protoackording
to the simulation test results presented in sedtioB.

VII. CONCLUSIONS ANDFUTURE WORK

This paper presents an energy-aware network-layging
algorithm E-Mesh for the purpose of energy savingl a
maintaining good application service quality levieisdevices
in wireless mesh networks. The performance analgdis
E-Mesh was performed via simulations using NS-3 al
real-life experimental tests using objective andjactive
guality assessment metrics. Simulation models aotbtypes
for E-Mesh were developed and used for testing.

in terms of E-Mesh’s utility, this overhead will nmfluence
the algorithm behavior.

Future work will include extension of E-Mesh to aiwe
application layer and as part of the evaluationgarisons with
existing adaptive energy aware solutions [2, 28]l Wwe
performed. E-Mesh’s scalability issues will alsodoasidered.
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