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Abstract- Mobile ad hoc networks (MANETS) are becoming
more essential to wireless communications due to growing
popularity of mobile devices. However, MANETS do not seem to
effectively support multimedia applications and especially video
transmission. This paper presents a cross-layer mechanism for
efficient video transmission over this type of networks. The
proposed mechanism consists of a priority-scheduling algorithm,
at the network layer, and the use of the |EEE 802.11e standard at
the MAC layer. The priority-scheduling algorithm takes into
account the frame type of the MPEG-4 video file in order to
provide different priorities to the most important video packets.
At the MAC layer, the |IEEE 802.11e protocol assigns the highest
priority to video applications to reduce delay and packets losses
due to other competing traffic. This design is easily implemented
in any ad hoc wireless network as an extension on the AODV
MANET routing protocol. Simulation results conducted with the
network simulator ns-2 show the advantages of the proposed
design.

l. INTRODUCTION

at creating a wireless environment in which, dedagmission
can be achieved at higher bit rates and longearists while
meeting the QoS criteria posed by applications widtay
constrains, like multimedia transmission.

A second major issue in wireless ad hoc networksléted
to efficient routing in an environment in which thetwork
topology dynamically changes over time. Over ttst {gears,
a sufficient number of routing protocols have bdemeloped
by the research community. Each protocol has it3 owting
strategy and its performance varies depending dwank
conditions like the density of nodes in a specifiea, their
speed and direction. Most of these protocols dotak into
account the limitations and the special requiresy@atsed by
the served applications.

In [2], the effects of various mobility models omet
performance of Dynamic Source Routing (DSR) [3] &
Hoc On-Demand Distance Vector (AODV) [4] routing

Mobile Ad hoc NETworks (MANETS) are becoming more protocols are studied. The experimental resultstilate that

essential
popularity of mobile devices. A node in MANETS cdualct as
a router while having also the possibility of beithg sender
or receiver of information. The ability of MANETs be self-
configured and form a mobile mesh network by usifrgless
links make them very suitable for a number of cakasother
type of networks cannot operate. Although, nodeilitplis a
very useful feature for users, it results in a vegnamic
topology in which routing can become a very congid task.
An important usage scenario of MANETSs could be saster
area or any kind of emergency, in which the fixe
infrastructure has been destroyed or is very lithite

However, one major key issue related to multimedi

applications is how to guarantee an acceptablé tf\v@uality
of Service (QoS) to the end users. In MANETS, thallenges
are even higher due to known limitations of the eldss
medium and the frequent link failures, as mobildesmove
independently.

Over the last few years, new protocols were desicarad
standardized in an effort to increase the transamsstes of
the wireless medium. The IEEE 802.11e protocol ith
QoS enhancements is an international standardstizdteady
implemented in MAC chipsets by a number of venddise
efforts for the enhancements of the IEEE 802.110ga aim

to wireless communications due to growinéhe performance of a routing protocol varies acdifferent

mobility models, node densities and the length athdaths.
Another
MANET routing protocols (Destination-Sequenced Bigte
Vector DSDV [5], AODV and DSR) with respect to gpoand
entity mobility models is presented in [6]. Simidat results
indicate also that the relative ranking of routprgtocols may
vary, depending on the mobility model.
In [7], a QoS-aware self-configured adaptive frarmswis
presented to provide video-streaming services MANETS.

gThe routing algorithm periodically updates a set paths,

classifies them according to a set of metrics, amdnges a

gnultipath-forwarding scheme. This proposal operatesa

different way under highly dynamic states than unchere
static situations, seeking to decrease the prababil having
broken links and improving the service performanabijle
using lower signaling overhead.

Matin et al. [8] addresses the use of multi-hop aas
alternative to conventional single hop transmissioorder to
increase the quality of real time video streamingero
MANETS. The use of the IEEE 802.11e Enhanced bisted

Channel Access (EDCA) function improves the overall

performance of the high priority traffic in MANETby using
the access control mechanisms of the MAC layer.

performance evaluation of three widely used



In [9], priority assignment mechanisms are congideior
implementing priority treatment of packets in a MBN using
the DSR routing protocol based on a modified IEER.81
MAC layer operating in the distributed mode. Thechranism
includes priority queuing and several methods farvigling
important messages an advantage in contenting Hanrel
access. In [10] an integrated cross-layer optirionat
algorithm is proposed in order to maximize the diecbvideo
quality in a multi-hop wireless mesh network witho®)
guarantees. Finally, it is investigated in [11] Wiex or not the
operating conditions in a city are likely to permitdeo
streaming. It is found that AODV outperforms DSRepthe
Manhattan grid model.

In this paper, we focus on
communication in MANETs by supporting
multimedia transmission. The main idea is to explbie
multimedia coding information from the applicatitayer and
use a scheduling policy, so that the most importadeo
packets enjoy the highest priority. At the MAC laytaffic
classes are treated in a different way based on QitSia.
The proposed cross-layer mechanism
modifications at the procedures of the AODV quelsggtem.
AODYV uses a simple First Input First Output (FIF§d)eue for
all incoming packets from the upper layer. Therefoall
packets are treated with the same way regardlesgsof
importance or delay related constrains.

The applicability of our design can be found in laggiions
with bandwidth, delay and jitter constraints, whikeping at a
minimum level the requirements imposed by interragdi
stations. The main contribution of this work is tress-layer
mechanism that combines the features of the IEEE18@
protocol with a video-based priority-scheduling althm.
The novelty is also supported by choosing the M#aha
mobility model. Another important contribution iset mixture
of network and video-centric metrics in an effoot lhetter
assess the video quality at the end user. The aiionlresults
show that the proposed design improves QoS whermpamd
with the performance of the legacy IEEE 802.11¢qual.

The rest of the paper is organized as follows:hie hext
section, we present the overall architecture of gheposed
cross-layer mechanism. Section Ill discusses thaulstion
environment and presents the evaluation resultscévielude
the paper with notes for future work in Section IV.

Il. PROPOSEDCROSSLAYER MECHANISM

improving peer-to-peer
real-time

introduces some

This design (Fig. 1) is based on the attributesaite and
video streaming applications, which are characterizy
different tolerance in terms of end-to-end delays lobvious
that a real time service, like video transmissiaquires much
less delay than a file transfer application. A vaymaximize
network performance is to prioritize traffic depergl on
traffic classes.
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Figure 1. Cross-layer design

That means that a packet with higher priority stdobé
treated completely differently from a packet witiwl priority
in order to be delivered first. In highly loaded METs that
usually consist of a large number of nodes, or whisn
bandwidth is limited, there is a significant podgip for the
transmitted packets to be dropped from the queuoethe
mobile nodes.

Priority Scheduling is a popular method for implentieg
priority queues. Each traffic class has its ownugyén which
packets are ordered. This ordering affects dirgtyway that
packets are served and removed from the queubeloase of
a queue that contains video packets the orderirdpige by
utilizing the frame type information and the assidmpriority.

We consider the transmission of video files endobg a
MPEG-4 video encoder that generates three typegdafo
frames. I|-frames are the least compressed and inonta
information from encoding a still image. P-framas anore
compressed than I-frames and encoded from thequrg\ior
P-frames. B-frames are the least important in thdeos
sequence and use information from previous and doitw

In this section, we describe the proposed Crossrlay f,mes
mechanism for video transmission over MANETs. Wea ca The following algorithm describes the above idewmtdad

distinguish two main areas in which, we prioritimaffic,
depending on the importance of the transmitted gigck
« At the network layer, we apply a scheduling poliay

of using a first-in first-out queue (FIFO) at theAR layer, we
insert the packets in the queue by taking into actdhe
importance of the frame. The most important franaes

which, each incoming packet from the upper layer,jaced in the top positions in the queue, whileeothacket
receives different priority depending on the videoy g are placed in the tail. The processing okeiadis based

frame type.

At the MAC layer, we differentiate the access of th

various applications, based on QoS criteria.

on the rule that the packet in the head of the gu®s to be
served first. If the queue exceeds the size limdt aeeds to
drop a packet, then it always drops the one irdte



enque(packet) {
if(packet.isVideo() ) {
while(nextPacket.isVideo() AND nextPacket.priorityx
packet.priority ) {
position=position+1;

insertToQueue(packete, position)
}else {

insertToQueue(packete, tail)
}

if(queue.size() > limit ) {
dropTail()

Algorithm 1. Enqueue function

The IP datagrams are also marked based on thelyinder
application type. This is a simpler task in mestwoeks than
in wired with fixed infrastructure, in which diffent
administrative domains may exist in a path betweileo
sender and receiver(s). Ad hoc networks provides thi
flexibility as every node in the network acts aésorouter. The
main function for providing QoS support in IEEE 80Pe
protocol is the Enhanced Distributed Coordinatiamétion
(EDCF). This function is responsible for managinge t
wireless medium in the Contention Period (CP) amthaces
the Distributed Coordination Function (DCF) functiof the
legacy IEEE 802.11 protocol. Therefore, we impletriear
different data Traffic Classes (TCs) and video firafis
assigned with the highest priority amongst othgsliaptions
that operate in the wireless network.

. PERFORMANCEEVALUATION

Most of the related work has been evaluated throug
simulations conducted with the ns-2 [12] netwongiator.
These evaluations are mainly based on “classicivowt
metrics (throughput, delay, packet losses, etc). &@aluation
combines both network and media-centric metrics. tfhe
purpose of this work, we use the Peak Signal tes®®latio
(PSNR) to assess the quality of the received videat the
end user. PSNR is a derivative of Signal to NoiaddR[SNR)
and computes the maximum possible signal energyhéo
noise energy, which results in a higher correlatigth the
subjective quality perception than the conventi@idR.

Equation (1) gives the definition of the PSNR o$aurce
image s and destination image d [13]:

_ V e ;
PSNR(s,d) = 20Iogm indB
where
Ve =2 =1,k bit color depth
MSE(s,d) = mean square error ef adc

(1)

In order to conduct a number of realistic experitaamith
real video files, we use the Evalvid [14] tool-sét
conjunction with ns-2. For our simulations, we aséUV raw
video, which consists of 7319 frames and has duratf 365
seconds. The network topology simulates the Maahagtid
mobility model, which is based on the Manhattay aitodel

with uniform sized building blocks. The Manhattamidg
mobility model can be considered as an ideal madel
represent the conditions of a big city. The sinialatarea is
2000x2000 meters in a 4x4 grid. Inside this arfeere are 300
mobile nodes representing moving vehicles thateateally
the transmitters and receivers of the video filae Tmoving
speed varies from O to 20m/sec, having a mean vafue
15m/sec. The video transmission is based on thé-tRea
Transport Protocol (RTP) [15] that is designed dadio and
video delivery over IP networks. Table | summarizbs
simulation parameters.

TABLE |
SIMULATION PARAMETERS

AODV

Routing Protocols

Mobility model Manhattan Grid Model

Simulation duration | 365 seconds

Number of nodes 300

Simulation area 2000 x 2000m

Node speed
MAC

0 — 20 m/sec (random)

802.11e

In order to evaluate the performance of our mecmnive
perform two simulation scenarios. The first scamddcuses
on the performance evaluation of the schedulingritym
without any background traffic in order to verifyet“enhance
protection” to the most important I-frames. The msut
evaluation scenario focuses on the performance hef
r§cheduling algorithm with background traffic in erdto
evaluate the implemented priority queue to higlnity video
packets.

A. Performance of the Stheduling Algorithm without any
background traffic
In this simulation, it is assumed that there isyomhe active
video transmission in the network, without any otliata
traffic. Thus, transmitted packets are either videaouting
packets. We run two different simulation scenariagth
802.11g and 802.11e protocols, respectively. The @i this
simulation it to evaluate the mechanism which pdesi
enhance protection to I-frames. The comparison shoaw
the adaptation on the packet queues affects vid@srission.
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Figure 2.Video frame loss without background traffi
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TABLE I
SIMULATION RESULTSWITHOUT BACKGROUND TRAFFIC

802.11g | 802.11e

Overall packet delivery ratio 69.7% 75.2%

Averageend to end delay (all packets) | 499ms 343ms

As Fig. 2 indicates, the implemented adapted queselts
to a significant reduction of the losses of |-framat the cost
of a slight increase of P and B-frame losses. Intrest,
packet losses remain almost the same for everydjpéeo
packets when using the normal FIFO queue.

The metrics for overall packet losses and end-thb-dglay
are mostly related to the network conditions and aot
affected by the adaptations of the scheduling nmasha for
video packets. In addition, when using the 802.Afaocol,
the routing packets are transmitted with the highperity
improving the AODV performance. Apart from the abov
network metrics, we use PSNR to evaluate the efiy of
the proposed mechanism. Fig. 3 shows that the mmaied
adapted queue leads to a significant improvemerPSRN
measurements both on the 802.11g and 802.11e riestwis
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Figure 4. Video frame loss with background traffic

PSNR with background traffic

36
355

35
345
34
3.5
33
325

32
315

PSNR (db
@b) o

adapted queue

normal queue
802.11g

802.11e

Figure 5. PSNR with background traffic

TABLE llI
SIMULATION RESULTSWITH BACKGROUND TRAFFIC

802.11g | 802.11e

Overall packet delivery ratio 80.8% 89.8%

Average end to end delay (all packets) | 351ms 217ms

According to Fig. 4, the losses of video framesehaeen
increased in contrast to the overall packet lossHss

expected, the 802.1le network provides better t®sulpenavior can be explained if we consider the amatirthe

compared to 802.11g due to 802.11e QoS featurdsthal
above improvements increase the end user experience

B. Performance of the Scheduling Algorithm with background
traffic

In this scenario, we use the same video transmmissith
the previous simulation. However, this time there 20 TCP
connections in the network. The amount of data¢hah node
transfers during the simulation lifetime is aboli®%ilobytes.
In addition, we run two different simulation sceoarwith
802.11g and 802.11e networks, respectively. Oueative is
to evaluate the implemented priority queue whicbvjates
high priority to video packets. The packet typedhis case
are falling under the following categories; routinvgdeo and
background data packets.

transmitted background (about 50000) and video qtack
(about 13000). In addition, the size of the videacket is
much greater than the size of all other packetsttaae been
transmitted. As a result, the possibility of trafmssion failure
of a video packet is much greater than in any offaket.
However, the background traffic packet deliveryiaahas
greater effect on the overall ratio.

In this simulation, the implemented adapted queue

prioritizes the video packets and we notice an ingyd

improvement in the loss ratio of I-frames (the ioy@ment is
multiple compared to the previous simulation scenaithout

background traffic). The cost we pay for the immgd\packet
loss ratio of I-frames is the increase of P anddwnke packet
loss. However, this cost is not very important weemparing
with the benefit of better packet delivery ratiol-gfames.



Fig. 5 shows that the implemented adapted queus leaa

Our future work includes the comparison of the sHd

significant improvement of PSRN measurements bath idesign with other priority schemes for MANETs artk t

802.11g and 802.11e networks. It is important totine that
the resulting end user experience does not det¢eidry the
background traffic as indicated by the PSNR values.

Finally, we show the impact of traffic prioritizati to the
reception rate. The cases of adaptations on thaingeystem
are omitted since any changes to the schedulirigypdb not
affect the real transmission rate.
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Figure 6. Cumulative receiver rate for video traissmon

The utilization of 802.11e traffic classes is emiady
efficient (Fig 6). The reception rate of 802.11ersrio with
background traffic reaches the rate of a transomssising
802.11g protocol without any background traffic.

V. CONCLUSIONS ANDFUTURE WORK

In this paper, we focused on improving video traission
over MANETs. The main idea was to exploit the nmé#dia
coding information from the application layer irder to use a
scheduling policy at the network layer so that tinest
important video packets could enjoy the highesorisi. In
order to evaluate the performance of the proposesksdayer
mechanism we conducted a number of simulations ti¢h
network simulator ns-2. Our findings were very amaging
and indicated the efficient operation of the addpmjaeue on
providing high priority to video packets.

The utilization of the 802.11e Traffic Classes (J@gs
proved very efficient in environments in which wvide
transmission competed for network resources wittk@@und
TCP traffic. The easiness of setting and utilizthg 802.11e
QoS features to MANETSs in which all nodes act asters
made that protocol an indispensable network featdrany
MANET implementation.

evaluation of the proposed mechanism under
complicated MANETs and simulation scenarios. Anpthe
important area which left for future work is to inde the
transport layer in the cross-layer design in aoreffo adapt
the video transmission rates based on the netwanmiitons.
We believe that this will further increase the Qtffat is
finally offered to the end user.
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