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ABSTRACT

In this paper a performance evaluation &folP over ad hoc
networks in emeyencyscenarios ipreented. Inthesescenarios
ememgencyworkersneed to act and canunicate with each other
in disaster areaghat $gnificantly differ fromthe usual scenarios
found in the literature. Obstaclptaced in the network area pose
limitations to nodes'mobility and signal propagation with
considerable ipact on the voice qualitySimulations basedon
the Hunan Obstacle Mobility model (HUMO) have been
performed in order to quantifihe performance degradation due
to the presnce of obcles In doing so, network performance
metrics and human perceptionetrics based on the extended E-
model have been used. It shown how diferent voice codecs
behavein different obstacle coverage andolmlity scenarios.
Furthermore, MOS distribidh is approximated. Results
underline the importance of nsulation environment to the
derivation of realistic results concerni¥glP quality.

Categories and Subject Descriptors
C.2.1 [Network Architecture and Design]: Wireless
communication, C.2.2Network Protocols]: Applications

General Terms
Measirenent, Rerformance.

Keywords
VoIP evaluation, emrgencycommunications, ad-hoaetworks,
human nobility model

1 INTRODUCTION

Emergencycommunications is a fiélthat hasgainedparticular
attention lately since it is a vital part of advanced emgency
managenent systems. The sicces and the effectivenasof
response to dailyas long as extreme emergencysituations
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dependsn the extent critical information regarding the incidents
is gathered, procead and diseminated accordingo certain
chains of hierarchies and authoriti€3ivil protection agencies
worldwide pay continuous efforts to improve their
telecommunication infrastructuresd adopt the latest advances
ICT industry can offer. Coordination of uitiple types of
emergency workers (policeren, firenen, pararedics etc.) is
strongly affected bythe available networking capabilities. It is a
common belief that in case of emergencthe best possible
response cannot be achieved without secure egldble
communications. Furthermore etlemergencyesponse plans are
desgned according to what the availablelecormunication
infragructure can offer. Emergencyconmunicationsplay a key
role to the management of resources and provide agenitles
crucial information that affects decision making.

The preent work focuss on extrene emergency situations in
which groups of emergenayorkersneed to act on-site. In cases
like these (earthquakefipods, fires etc.) there is need for real-
time peer-to-peer wirelessomnunication among individuals of
either the samm or of different groups, authorities ategree.
Communication must be reliable and error-resilient. Camn
practice has shown that voice communication is the most
preferable slution becaus it is quick, direct and effective,
especiallywhen officers give orders to personneivhenworkers
needto report the current conditis or ask for reinforcements.
Although still widely used, analog wirelessquipnent tendsto
becomeobsoleteand digital communication solutions are adopted
from emergencyesponse groupsike amateur radio groups that
use D-Star technologyVithin thecontext of IP networks, Voice
over IP (VolIP) is the most up-to-date solution for voice
conmmunicationin the examned enarios Thus given the ad hoc
nature of the way eemgency workersictandcommunicate VolP
performance over ad hoc emerggneetworks is an important
issue that need® be invetigated.

The majority of works on VolP performance ovesireless
networks does not take into account constraints ohtba such
as obstacles and ahility speed. Obstacles are akh always
preent in digster areasvhere emargency workers are called
act. Obgacleshave a deep ipact on wireles conmunication
between workersas apart from the ignal attenuation they
introduce, theyalso affect the resulting network topologgd the
way workersmove. The aim of the present workto evaluate
thesephenonenaand theirimpact on voice qualitypy means of
simulation. Objective perforance netrics and subjective dtrics



based on huan perception of speech quality have been uHeel.
basis of the simlations is a human ability model that
incorporateghe effect of obsclesbriefly described before. It is
shownthat without taking into a@unt the effect of the obstacles
placed in the network area,tapistic results are produced.

The rest of the paper is orgaed as follows: In Section 2,
previouswork on performance evaluation of VolP over wireless
networks is presenteth Secton 3, the huran nobility model is
described. Simulation results eapresented and discussed in
Section 4. FinallySecton 5 concludes the paper.

2. PREVIOUSWORK

VolIP Transnission over ad-hoc networkbas received particular
attention in the last gars. The initial developemt of 802.11
family of protocolswasmainly cormbined with wireles acces to
the internet and TCP traffic. Dgisensitive applications such as
real-time audio/video transssion posed new challenges that
motivated scientific community to provide solutions ainly based
on MAC layer mechanism which sometimes led in protocol
amendments. As 802.1%tandard are dominant in ad hoc
networking and given the fact that peer-to-peer VolP
communication in such networkss a primary application,
performance evaluation isnportant. There are any worksin the
literature that try to capture theay intrinsic characteristics of ad
hoc conmunication and involved protocotfect speechyuality.
The authorsn [1] exanine the inpactof ad-hoc routing protocols
(AODV, OLSR) on the perceived voicguality. In [2] a joint
approach is proposed in order t@magevariability of network
topology and channel behavior by jointly selecting the
transmission and adjustirige playout delay while [3] presents a
power-aware ad-hoc routing protd@nd exarimesits impacton
the voice quality. The aforerantioned works highlight the
sensitivity of VolP perfornrance in network-lagr-related
impairments.

The dependence on wiresashannel charactetiss such asfading

is evaluated in [4] The distributions of PER and MOS under
different fading conditions are derve&ia simulation. In [S]there

is a calculationof an upper bound for capacity. It is concluded
that although G.711 codec is designed for better vqicaity,
G.729a can offer higher capacitZapacity proves tobe very
sensitive under the strict delagonstraints required irvoice
transmission.

Protocol capabilities that efficientlyrandle VolP traffic have
always been a field of research. In [@ signal-based methdd
evaluate the impact of background traffic in VoOWLAN is
presented. EDCA method is used a strong candidate to DCF
and PCF. Moreover, there isn@ethodfor improved detection of
critical conditions. Authors in [7] suggest a techniquéor
measuring one-waydelay and they investigate how EDCA
parameters affect delayA dual-queie systemwith strict priority
queuingis appliedin [8]. Finally in [9], authors show that a
packet multiplexing-multicasting sytem combined with header
conpresson can alleviate the twmajor challengesn VoWLAN:
low capacityandlow performance in the pr&nce of other traffic

types.
Unlike the previous studies, owudy exanines MANETS in

emergency scenarios where an emergencworking team (e.g.
police, firebrigade) movesto an area in order to anage the
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emergencyevent. In this scenar, the nodes have the abilitg
bypas the obsaclesthat can be presit in the area. Ephass is
given on the impactof the obstacle coverage and thehitity of
the MANET nodeson both user and network level performance
for different voice codecs by calculating MOS through the
extended E-Model.

3. THE HUMAN MOBILITY MODEL

The Human Mobility Obstacle (HUMO) radel targetsto
realistically simulate nobile ad hometworks that are consistetl
human-operated nodes deployed areas where obstacles are
preent. Rimary exanples of such scenariosare energency
situationslike earthquakes, fie etc, and fiitary operations,
where the nodes consisting thlmeobile ad hoc network are
firemen, medics policenen, ®ldiers etc, operating in an area
where obtaclesare indipensble part of the senery

In the HUMO model the nodes move theiay around the
obdaclesin the network deplayent areaaccordingto a natural
and realistic way If there is an unobstructetine of sight
connecting the current nodedosition with its destination, the
node follows this direct line tget to the desired destination. If
there is an obstacle in the wa the node sets as its next
intermediatedestination thevertex of the obstacle’s edge directly
visible that is closest to théestination and repeats the same
process all over again with starting pointiitgtial positionand
destination the chosen vertexthis is repeated until an
unobstructed direct line until thercant destination is found. The
whole process is recursivelgxecuted until the destination is
reached. Aparfrom restricting the node avenent, obstacles in
the HUMO nodel also posémitations in the signal propagation.
A complete description of the HUMOnobility model can be
found in [10]

4, SIMULATION RESULTS

In this part, the performance auation of VolP communication

in emergencyad hoc wireless netwks is presented. Givethe
fact that generic network performanoeetricsdo not precisely
depict the performnce of the ystem in accordancewith the
users' perception of qualitpf speech,metrics that represent
subjective human criteriaaremore appropriate. Emphasis is given
on how three different voice cats, namel\G.711, G.729A and
G.723.1, perform under different obstacle configurations and
mobility scenarios.

Simulations were conducted ngithe network simulator ns-2
[11]. The HUMO nodel that is irpplemented in ns-2 was uséaf
simulating nodesmovement in th presence of obstacles. It is
worth mentioning that in the absenmfeobstacledHUMO reduces
in the Random Wayint (RWP) model. The VolP module
available at [12}was usedor simulating VoIP functionalities in
ns-2.It incorporates miltiple voice codecs, framaggregation and
a nodel for simulating MOS as user's perceived qualitly also
hasintegrated feature®er data collection and anag [13].

Nodeswereplaced in an area of 500x500.rlodes operate using
the IEEE 802.11standardandtheir range is set at 250.rh0 tcp
connections of about 5 kbps each, have hesdasbackground
traffic. AODV was the routing algorithm imuse. In order to
evaluatethe inpact of obtaclesin the VolP communication



between nodes, obstacles were plagedhe simulation area Node nobility is also an irportantcharacteristic ofhe examned
covering 10%, 30%, 50%, 70% and 90% of the it. Results weread hoc network. As seen in figgs 4 and 5, VolPerformancen
also compared witbnobstructedommunication scenario. Nodes' obstructed scenario is worse tharthe unobstructed one in terms
speed varies between 1 and 20 m/sec in order to include bothof MOS for everynode speed. The ondifferenceis thatin the

pedesian and vehicular peeds since energency workersnay absnce of obtaclesthe behavior of all the three codésslmost
either move on foot or byehicles. The simulatiosetting is the same as speed increases.nsimes nobility helps network
summarized in Table 1. performance and this justifies tlabserved variations in MOS.

Table 1. Vol P Simulation Parameters

Simulation Parameters Frame delay
Number of nodes 50
Network area 500x500 M T—
Node range 250 m o
Routing agorithm AODV 767231
Voice codecs G711, G729A, G723.1
Obstacle coverage 0%, 10%, 30%, 50%, 70%, 90%  _
Maximum node speed 1, 2,5, 10, 20 r'sec §
Figure 1 kows the impact of obtacleson average @S per
talkspurt for three differat voice codecs Performance
degradation is evident when compared to the unobstructed
communication senario even when otaglescoveronly 10% of
the smulation area. The variatiorebserved when obstacles cover Obstacle coverage
between 10% and 70% of the simulation aregexplainedby the
fact that the presence of obstadleseases node densiydthus Figure 2. Frame delay ver sus obstacle cover age
assist neighboring nodes and route discaveny the other hand,
the interference is asincreased causg packet los and higher Frame delivery ratio
delay. This is whyfurtherperfamance degradation is observed in 12
the cas 90% of obtacle coverage.
MOS
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/G Obstacle coverage

05 -+-G.729

o i Figure 3. Frame delivery ratio versus obstacle cover age

. Pa 107% 3 80Fa TP a0

Obstacle coverage

Figure 1. MOS versus obstacle cover age

Figures2 and 3 present pycal network performance metrics.
Figure 2 shows frame delaywerais obstacle coverage. Delay
variations are observetbr the reasons described previously
G.711 seems to be the most obstacle-pomuecsinceafter 50%

of obgacle coverage delagiramatically increags In Figure 3,
frame deliveryratio versus obatle coverage isdepicted. The
number of lost frames incress with obgacle coverage,
especiallyin the case of 90%bstacle coverage. Both G.729A
andG.723.1 perform better comparenlG.711 in terms of frame
deliveryratio.
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Figure 4. MOS versus node speed for unobstructed Figure 6. MOSdistribution for G711 codec over a Vol P
communication session
The onlydifference is that in G.723.1 higher transitiorigeel 1
So far perfornance netrics bagd on averagedvalues were is observed. Both codecsare characterized bghe fact that the
presented. However, when it cesno real-time delaysensitive majority of sanples are concentrated in lev&l Spikesto level 1

communicationsuch as VolP, the performance on session basisare more rare than in G.711 case. dsesult, despitethe high
through time is crucial. Averagl metrics sometimes fail to  concentration of samples at lévd and 5 in G711, variance due
describe actual systesnbehavor. Distribution of MOS over a to spikes is increased and €0711 sometimes performs worse
VolP session is more indicatived further highlights differences  than the other two codeas ters of averaged valuetn general,
between the three codecs conmmunication in the premnce of obcles realts in MOS
distributions shifted towards lower level of perceived speech
MOS quality.
Obstacle coverage=50%
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Figure 5. MOS ver sus node speed in obstructed Lovel 1 Lovel2 Lol Lovel Lovers
communication
Figures 6-8 depict MOS drdbution for obstructed and
unobstructed scenarios for G711, G729And G723.1 Figure 7. MOS distribution for G729A codec over a Vol P
regectively. 50% obgacle coverage waschoen for the session

obstructed case. As shown in figure 6, G711 can achieve high
quality VoIP conmunication, higher than G729A ai@l723.1for
almost 80% of the duration @ session. However, it is more
prone to spikes that litnquality to level 1 in terms ofMOS. The

basc impact of obtaclesis thatthe number of thosepikesis
doubled.G729A and G723.1 performmore all less the same in
the preence of obtacles
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MQOS Distribution
G.723.1
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Figure 8. MOSdistribution for G723.1 codec over a Vol P
session

The derivations of the previous distributions are depicted in
Figure 9 in which MOS performage versus time for a randomly
selected VolPsession in the preence of obaclesis preented.
Indeed,G711achieves higher MOS for certain time periods and it
also suffers from spikes. Using G.729A lower MOS is observed
while at the ame time MOS variance issignificantly decreasd
which is in accordance with figure 1.723.1 achieveseven
lower values of instantaneous MO&mbined with higher
variance. Spikes are not so oftas in G711 case-which is also
verified througha comparison between figures 6 and 8- but they
contribute to the performance deterioration.

MQOS versus time
Obstacle coverage=50%

45

e
i
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=

—GTN
—GT22A
G7231

time

Figure 9. MOS versustime over a Vol P session

5. CONCLUSIONS

In this work, a VolP perforrance evaluation over eargencyad
hoc networks was presented. Theimaharacterisc of the &t of

simulations performed is the adoption of the Human Obstacle[7] |I.

Mobility Model which is suitable for sintating hodemovenent
in geographicallyredrictedareasn the presnce of obscles The
model is ideal for simlating emergencyad hoc communication
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networks as it incorporates tlmmpact of obstacles on ability
patterns, network topologgnd radio propagation.

The performance evaluation wasmainly bagd on the obiscle
coverage, i.e. the percentage of network area covered by
obstacles. Three different voicedecs (G.711, G.72943.723.1)
have been used and the effect of node speed was alsoiritken
account. Apart from usual networketrics such as frame delay
and frame delivery ratio, user-level matrics like MOS were also
used. It was shown that VolBuality decreases asbstacle
coverage increas A remarkable difference in delagerformance

is observed in the use of G.7Xbdec, especiallyin highly
obstructed scenarios. The rfsgmance degradation du¢o
obstacleds also obvious in diffeent nobility cases, despite the
variations between differerdodecs observed in the obstructed
casecontraryto the free-space cada. addition, the distributions
of MOS samples for the set of useddecswere produced.
Although G.711seens to performworse an average, it can reach
higher values of MOS whicheems impossible for G.723.1 and
G.729a. A time-basedvaluationverifies these results, as higher
performance of G.711 is alleviated byorefrequentand deeper
spikes conpared to other codecs
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