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INTRODUCTION

Mobile Ad hoc Networks (MANETS) are becoming
more essential to wireless communications due to grow-
ing popularity of mobile devices. A node in MANETS
could act as arouter while having also the possibility of
being the sender or receiver of information. MANETS
offer the freedom to use mobile devices and move
independently of the location of base stations (and
outside their coverage) with the help of other network
devices. The ability of MANETS to be self-configured
and form a mobile mesh network, by using wireless
links, make them very suitable for a number of cases
that other type of networks cannot operate. In addition,
MANETSs donotrequire vasttechnological investments.

Anideal application area for the utilization of MA-
NET technology is for instance any disaster scenario
in which the fixed infrastructure is incapacitated or
non-existent. In this case it is important to ensure that
asuitable communication solution is established within
the very first critical hours of an incident, considering
national or cross-border emergency incidents.

What is missing, however, from this type of net-
works is the so called a “’killer application” that could
boost its utilizations in the real world. Real time multi-
media applications have the potential to turn MANETS
into a very attractive solution in wireless networks
taking into account its unique characteristics.

Our motivation for this article is to present the short-
comings and the current state of the artin MANETS in
regards to the transmission of multimedia data, which
is a promising application area.

DOI: 10.4018/978-1-4666-5888-2.ch614

BACKGROUND

Wireless Local Area Networks (WLANSs) are one of
the most popular and ubiquitous forms of wireless con-
nectivity between different types of equipment. WLAN
interfaces are embedded in many common electronic
devices: laptops, PDAs, smart phones etc. IEEE 802.11
(IEEE, 2007) is the dominant standard for WLANS.
Networks can be deployed using available COTS (Com-
mercial Off-The-Shelf) equipment supporting 802.11
for both home and enterprise scenarios. There is also a
multitude of available hardware and software tools for
many OS platforms, making them easy to administer.
Furthermore, WLANSs provide mobility, high-speed
transmission, and distributed topologies.

The mostcommon topology of [IEEE 802.11 WLAN
is infrastructure mode. Stations (STA) connect to an
Access Point (AP) using a radio link. The AP is con-
nected to the external network through a wired link
(Ethernet being most common). This is a centralized
approach, however, more robust topologies can be
found in the 802.11 standard.

In ad-hoc mode presented in Figure 1, there is
no central station (STA). All STA within range can
communicate directly; otherwise a multi-hop packet-
forwarding connection is used. This approach provides
reliability and robustness to the connection. There isno
single point of failure (provided there are multiple paths
in the network) which makes them a feasible choice
for ad-hoc networks deployments. For ad-hoc mode
networks the IEEE 802.11 standard defines physical
layer (PHY) and medium access layer (MAC) while
network layer with routing protocols are defined mainly
by the International Engineering Task Force (IETF).

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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Figure 1. IEEE 802.11 ad-hoc network

802.11 Independent BSS

MANETS are based on ad-hoc technology. However,
current MANETS built with IEEE 802.11 technology
lack scalability and Quality of Service (QoS). Mobil-
ity is a unique feature but it results in a very dynamic
topology in which routing can become a very com-
plicated task. There is also a need for fast scanning
and fast roaming to support real-time applications.
The scanning process must consume as little energy
as possible. Fast mobility must be supported to serve
traffic in MANETS. During handoffs, except for QoS,
security is of crucial importance. The routing protocols
that have been designed for wireless ad-hoc networks
directly affect the performance of the serving applica-
tions. Each protocol has its own routing strategy that
is used in order to discover a routing path between two
ends. The performance varies, depending on network
conditions like the density of nodes in a specific area,
their speed and direction. Itis obvious that the selection
of the proper routing protocol for a specific network
topology plays a critical role.

On the other hand, multimedia applications and
especially video streaming is characterized by three
main attributes: a) high bandwidth requirements, b)
delay-constraint applications with c¢) tolerance to small
packet losses (usually less than 1%). A major key issue
is therefore how to guarantee an acceptable level of
QoS tothe end users. Therefore, under these conditions
there should be implemented additional mechanisms
in order to support the utilization of multimedia ap-
plications in MANETs.

To this end, over the last few years, new protocols
were designed and standardized in an effort to increase
the transmission rates of the wireless medium. The IEEE
802.11e (IEEE, 2005) protocol with QoS enhancements
isaninternational standard thatis already implemented
in MAC chipsets by a number of vendors. The efforts
for the enhancements of the IEEE 802.11 protocol
aim at creating a wireless environment in which, data

6240

transmission can be achieved at higher bit rates and
longer distances while meeting the QoS criteria posed
by applications with delay constrains, like multimedia
transmission.

MAIN FOCUS OF THE ARTICLE
Routing in MANETSs

Routing protocols for ad hoc networks can be classi-
fied into three main categories. In Proactive schemes,
every node in the network has one or more routes to
any possible destination in its routing table at any
given time. Reactive routing protocols obtain a route
to a destination on a demand fashion. When the upper
transport layer has data to send, the protocol initiates
a route discovery process, if such a route does not
already exist, in order to find a path to the destination.
In Hybrid routing protocols, every node acts reactively
in the region close to its proximity and proactively
outside of that region, or zone. Hybrid protocols take
advantage of both reactive and proactive protocols,
but may require additional hardware, such as GPS
devices, separated or integrated into the communica-
tion device. Table 1 provides more details on existed
routing schemes with associated protocols that are
under research and development.

Various solutions have been presented for MANETSs
routing that rely on the three more dominant routing
protocols, namely: Optimized Link State Routing
Protocol (OLSR) (Clausen & Jacquet., 2003), Ad hoc
On-Demand Distance Vector (AODV) (Perkins &
Belding-Royer, 2003) and Dynamic Source Routing
Protocol (DSR) (Johnson et al., 2003).

OLSR is a proactive protocol that is based on the
link state algorithm. OLSR has been modified and
optimized to efficiently operate MANET routing. The
main concept of the protocol is to adapt the changes of
the network without creating control messages overhead
due to the protocol flooding nature. Thus, the designers
of OSLR decided to have only a subset of nodes, named
Multipoint Relays (MPRs), in the network responsible
for broadcasting control messages and generating link
state information. A second optimization is that every
MPR may choose to broadcast link state information
only between itself and the nodes that have selected
it as an MPR.
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Table 1. Ad-hoc routing protocols

(table-driven)

Type Examples
OLSR (Optimized Link State Routing Protocol) (Clausen & Jacquet., 2003)
Pro-active DSDV (Highly Dynamic Destination-Sequenced Distance Vector routing protocol) (Perkins et al., 2004)

OSPF-MANET (Open Shortest Path First for Mobile Ad-hoc Networks) (Bacelli et al., 2008)
MPR-OSPF (Multi Point-Relay OSPF) (Bacelli et al., 2007)

Reactive
(on-demand)

AODV (Ad hoc On-Demand Distance Vector) (Perkins & Belding-Royer, 2003)
DSR (Dynamic Source Routing) (Johnson et al., 2003)

Flow-oriented

VRR (Vehicular Reactive Routing protocol) (Koubek et al., 2008)

TORA (Temporally-ordered routing algorithm routing protocol) (Park & Corson, 2001)

Hybrid HWMP (Hybrid Wireless Mesh Protocol) (IEEE802115)
Hierarchical CEDAR (Core Extraction Distributed Ad hoc Routing) (Sinha et al., 2009)
Geographic DREAM (Distance Routing Effect Algorithm for Mobility) (Bacelli et al., 2008)

LAR (Location-Aided Routing) (Ko & Vaidya et al., 2000)

Power-aware

DSRPA (Dynamic Source Routing Power-Aware) (IEEE, 2012)
PAMAS (Power Aware Multi-Access Protocol with Signalling) (Igartua & Frias, 2010)

Multicast

AMRoute (Ad hoc Multicast Routing protocol) (Xie et al., 2002)

ODMRP (On-Demand Multicast Routing Protocol) (Yi et al., 2002)

AMRIS (Ad hoc Multicast Routing protocol utilizing Increasing id-numberS) (Wu & Tay, 1999)
CAMP (Core-Assisted Mesh Protocol) (Garcia-Luna-Aceves & Madruga, 1999)

AODYV is a reactive routing protocol that is based
onthe Bellman-Form algorithm. AODV uses originator
and destination sequence numbers to avoid both “loops”
and the “count to infinity” problems that may occur
during the routing calculation process. AODV, as a
reactive routing protocol, does not explicitly maintain
a route for any possible destination in the network.
However, its routing table maintains routing informa-
tion for any route that has been recently used, so that
a node is able to send data packets to any destination
that exists in its routing table without flooding the
network with new Route Request messages.

DSR is a reactive protocol that is based on two
main mechanisms: route discovery and route main-
tenance. Both mechanisms are implemented in an ad
hoc fashion and in the absence of any kind of periodic
control messages. The main concept of the protocol is
“source routing,” in which nodes place in the header
of a packet the route that the packet must follow from
a source to a destination. Each node “caches” the
routes to any destination that has recently used, or
discovered by overhearing its neighbors’ transmission.
When there is no such route, a route discovery process
is initiated. The protocol is designed for a MANET
of up to two hundreds nodes with high mobility rates
and is loop-free.

The experimental results illustrate that the per-
formance of a routing protocol varies across different
mobility models, node densities and the length of data
paths. A performance evaluation of DSDV, AODV and
DSR withrespectto group and entity mobility modelsis
presentedin Divecha, 2006. Simulation results indicate
also that the relative ranking of routing protocols may
vary, depending on the mobility model.

In Igartua and Frias (2010), a QoS-aware self-
configured adaptive framework is presented to provide
video-streaming services over MANETSs. The routing
algorithm periodically updates a set of paths, classi-
fies them according to a set of metrics, and arranges
a multipath-forwarding scheme. This proposal oper-
ates in a different way under highly dynamic states
than under more static situations, seeking to decrease
the probability of having broken links and improving
the service performance, while using lower signaling
overhead.

Matin addresses the use of multi-hop as an alterna-
tive to conventional single hop transmission in order
to increase the quality of real time video streaming
over MANETSs (Matin & Naaji, 2010). The use of the
IEEE 802.11e Enhanced Distributed Channel Access
(EDCA) function improves the overall performance
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of the high priority traffic in MANETS, by using the
access control mechanisms of the MAC layer.

In Pallot and Miller (2001), priority assignment
mechanisms are considered for implementing priority
treatment of packets in a MANET using the DSR rout-
ing protocol based on a modified IEEE 802.11 MAC
layer operating in the distributed mode. The mechanism
includes priority queuing and several methods for pro-
viding important messages an advantage in contenting
for channel access. In Andreopoulos, 2006 an integrated
cross-layer optimization algorithm is proposed in order
to maximize the decoded video quality in a multi-hop
wireless mesh network with QoS guarantees. It is
investigated in Qadri et al., 2009 whether or not the
operating conditions in a city are likely to permit video
streaming. It is found that AODV outperforms DSR
over the Manhattan grid model.

Finally, a large variety of research has been
conducted regarding the usefulness of the wireless
medium-related metrics. Zhang et al. (2008) present a
systematically measurement-based study on the capa-
bility of to characterize the channel quality. Although
it is confirmed that SNR is a good indicator for chan-
nel quality, there are also several practical challenges.

Multimedia Transmission in MANETs

With the increase in the bandwidth of wireless chan-
nels and the computational power of mobile device,
multimedia transmission over MANETS is very ap-
pealing. The multimedia transmission over MANETS
facing many challenges mainly due to the following
characteristics of the MANETSs: Dynamic topology,
transmission errors, node failures, link quality varia-
tions and link failures etc. Multimedia applications
on the other hand are characterized by three main
properties: the demand for high data transmission rate
(bandwidth-consuming applications), the sensitiveness
to packet delays (latency and jitter) and the tolerance to
packet losses (packet-loss tolerant applications). The
above characteristics introduce a number of technical
challenges that have to be addressed. Therefore, under
these conditions there should be in place additional
mechanisms to improve multimedia transmission in
MANETs. Such mechanisms may incorporate:
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° Priority of multimedia packets against other
data packets.

° Implementation of congestion and flow control
mechanism for the multimedia transmission
application.

° Enhances routing operation with addition-
al wireless medium-related metrics in or-
der to improve the multimedia transmission
performance.

The Real Time Protocol (RTP) (Shculzrinne et
al., 2003) and the associated RTP Control Protocol
(RTCP) protocols constitute the de facto standard for
multimedia data transmission. RTP is areal time trans-
port protocol that is used usually on top of the UDP
protocol (also other transport protocols are supported).
The combination of the RTP/RTCP seems to be an
appealing solution also for multimedia transmission
over MANETS. The use of UDP in video streaming
real-time applications is an obvious solution to avoid
latency caused by the retransmission and congestion
control mechanisms of TCP. However, UDP may
cause two major problems. The first one has to do with
possible bandwidth limitations in which uncontrolled
transmission of video packets without any congestion
or flow control will cause high rates of packet losses.
The second issue relates to TCP-friendliness. Under
some conditions, uncontrolled video transmission may
lead to possible starvation of TCP-based applications
running in the same network.

The research community in order to address
congestion control came with new proposals that are
already successfully implemented in TCP. However,
the proposed congestion control schemes are mainly
designed for use in wired networks, in which packet
losses primarily occur due to congested links. In wire-
less networks the cause of packet losses is mainly due
to interference in the wireless medium. Therefore, one
needs to differentiate congestion packets losses against
random packet losses (Vazaoetal.,2008). To this direc-
tion a number of various versions of TCP have been
proposed including TCP Veno (Cheng, 2003), TCP New
Jersey (Xu et al., 2005) and TCP NCE (Sreekumari &
Chung, 2011). In another work (Shagufta, 2009), the
impactof TCP variants on the performance in MANETSs
routing protocols is investigated.



The most well-known congestion control mecha-
nism thatcan be used on top of other transport protocols,
such as UDP, is TFRC (Floyd et al., 2003), which is
already an international standard. However, even TFRC
isfacing some limitations in wireless environments and
especiallyin MANETSs. In Chen & Nahrstedt,2004 these
limitations are studied and itis shown that TFRC canbe
used in MANETS only when strict throughput fairness
is not a major concern. Moreover, they analyze several
factors contributing to TFRC’s conservative behavior,
many of which are inherent to the MANET network.
While their study reveals the limitations of applying
TFRC to MANETS, they address the open problem of
multimedia streaming in these networks and propose
an alternative scheme based on router’s explicit rate
signaling and application’s adaptation policies. In or-
der to overcome the above limitations an algorithm is
proposed in Li et al. (2004), which is termed as Rate
Estimation (RE) TFRC, and it is designed to enhance
TFRC performance in wireless Ad hoc networks.

In the area of video coding several solutions have
been proposed. These solutions include:

° Use of Scalable Video Coding (SVC) (Schier et
al., 2007): Scalability has always been a desir-
able feature of a media bit stream for a wide
range of services. This is especially the case
for transport over best-effort networks that are
not provisioned to provide suitable QoS and
especially suffer from significantly varying
throughput. A strong advantage of a video bit
rate adaptation method relying on a scalable
representation is the drastically reduced com-
putational requirements in network elements
compared to approaches that require video re-
encoding or transcoding.

° Use of multi-stream coding and multi path
transport (Mao et al., 2010): As we have al-
ready mentioned multimedia transmission over
MANETs is a challenge, even more challenging
than multimedia transmission over other wire-
less networks. However, the mesh topology
of MANETSs makes possible to establish mul-
tiple paths between a source and a destination.
Indeed, multipath transport provides an extra
degree of freedom in designing error resilient
video coding and transport schemes.

Category: Networking and Telecommunications

Quality of Service (QoS)

Routing protocols described above do not support QoS.
To guarantee quality of transmission in IEEE 802.11
networks additional mechanisms should be applied.
WLANS are susceptible to fluctuations in the radio
channel. As a result such factors as fading or interfer-
ences may lead to high “bit error rates” (BER). PHY
should quickly respond in such situations to prevent
high “frame error rate” (FER) at the Data Link Layer.

A wireless device can utilize high transmission rates
ifthereceived signal is greater than a predefined thresh-
old dependent on receiver sensitivity. The decision on
the rate used is left to the transmission rate selection
algorithm. This decision is based on the current radio
channel conditions. Modern wireless standards do not
specify the method of automatic rate selection in the
presence of multi-rate capable devices. Therefore, a
number of different solutions were proposed in the
literature (Natkaniec et al., 2010). As a result, devices
of different vendors do not interoperate properly (Kosek
et al., 2008).

EDCA isthebasic functionimplemented in WLAN
devices. Itdefines the concept of Access Category (AC).
Each node may use up to four ACs, which represent four
priority levels for data transmission: background (BK),
best effort (BE), video (Vi) and voice (Vo). Since voice
and video traffic are more sensitive to jitter, delay and
packet loss ratio, their priorities are higher than those
related to BE and BK. In EDCA traffic scheduling is
done with the use of four hardware priority queues,
each associated with an appropriate AC (Table 2) and
several different channel access parameters (Table 3).

EDCA can be used in ad-hoc, infrastructure and
mesh networks. However, because of the problem of
hidden nodes, the Mesh Deterministic Access (MDA)
coordination function is proposed for use in the case of
multi-hop mesh networks. MDA permits contention-
free access, which, however, is prone to malicious
attacks in which rogue stations can prevent legitimate
stations from communicating (Glass et al., 2008).

In MANETS the network topology changes un-
predictably. Therefore, appropriate routing protocols
need to quickly adjust to these changes. Additionally,
a proper signaling protocol must be provided. It has to
be responsible for admission control, resource reser-
vation, reaction to congestion and negotiation of QoS
parameters (Natkaniec et al., 2010b).
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Table 2. Mapping of the traffic types to the access categories and user priorities (IEEE, 2005)

Priority User Priority Access Category Informative Designation
Lowest 1 AC_BK Background
2 AC_BK Background
0 AC_BE Best Effort
3 AC_BE Best Effort
)
4 AC_Vi Video
5 AC_Vi Video
6 AC_Vo Voice
Highest 7 AC_Vo Voice
Table 3. Parameters of 802.11e access categories (IEEE, 2005)

AC CWmin CWmax AIFSN TXOPLimit
AC_BK aCW,,, aCW,, 7 0
AC_BE aCW,,, aCW,, 3 0

CW._ +1
AC_Vi 0 ) — aCW,_ 2 6.016 ms/3.008 ms/0
2
CW _ +1 CW  +1
AC_Vo %J’) - (aOWo +1) 2 3.264 ms/1.504 ms/0
2

Therefore, the main goals of QoS routing protocols
should be the following:

° Network capacity estimation,

° Satisfaction of QoS constraints (e.g., jitter, de-
lay, bandwidth, power consumption) of flows,

° Resource reservation,

° Route maintenance,

° Reliable route selection.

SOLUTIONS AND
RECOMMENDATIONS

The possible solutions for MANETSs include the follow-
ing three aspects: Hardware, Software and Networking
technologies.

The hardware technologies that support imple-
mentation of MANETS include in general low power/
power aware hardware and implementation of memory,
processor, and other peripherals in small scale. The
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evolution of hardware design and implementation of-
fers today many solutions for the implementation of
MANET: including smart sensors (Smart Dust, 2012)
and systems on chip in very low cost (Raspberry, 2012).
In addition, the evolution on battery technologies al-
lows the implementation of MANETS nodes with very
long operation time.

The software technologies that supportimplementa-
tion of MANETS include Java (Java, 2012), Universal
Plug and Play (UPnP) (UPnP, 2012) and Peer-to-Peer
(P2P) Computing (Open P2P Project, 2012). Java
is a programming framework which offers many
technologies and API for the support of MANETS
software implementation including Platform/protocol
independence, Remote method invocation and others.
Universal Plug and Play is architecture for smart home
networking and pervasive peer-to-peer connectivity
of intelligent appliances like wireless devices, smart-
phones, etc. Peer-to-peeris a paradigm used for sharing
of computing resources and services by direct exchange
between peer systems.



The network technologies that supportimplementa-
tion of MANETS technologies varying from Bluetooth
(in small distances) to WiMAX (802.16) (WiMax,
2012) (forlong distances) with WI-FI(802.11) (Wi-Fi,
2012) to be the most common technology.

FUTURE RESEARCH DIRECTIONS

To make concrete progress in multimedia transmis-
sion over MANETS in the future, researchers need to
look beyond existing design paradigms and evaluation
methodologies. In the following text we provide some
research directions:

° Routing: Since the topology of the network is
constantly changing, the issue of routing pack-
ets is a constant challenge.

° Security and Reliability: In addition to the
common vulnerabilities of wireless connection
MANETSs have particular security problems
due to its nature.

° Quality of Service (QoS): Providing different
quality of service levels in a constantly chang-
ing environment will be a challenge.

° Power Consumption: Most of MANETS nodes
depend on batteries for their power.

° Multicast: Multicast is desirable to support
multimedia transmission. Since the multicast
tree is no longer static, the multicast routing
protocol must be able to cope with mobility.

° Location-Aided Routing: Location-aided
routing uses positioning information to assist
routing.

CONCLUSION

Multimedia applications have enjoyed the global inter-
estover the last few years. The multimedia transmission
over MANETS facing many challenges mainly due to
the following characteristics of the MANETS: Dynamic
topology, transmission errors, node failures, link quality
variations and link failures etc. This article presents in
detail and analyzes the current state of the art in the
area of multimedia data transmission over MANETSs
which is a promising application area.

Category: Networking and Telecommunications

REFERENCES

Andreopoulos, Y., Mastronarde, N., & Van der Schaar,
M. (2006). Cross-Layer Optimized Video Streaming
Over Wireless Multihop Mesh Networks. /EEE Jour-
nal on Selected Areas in Communications, 24(11),

2104-2115. doi:10.1109/JSAC.2006.881614

Bacelli, E. (2007). Integrating VANETS in the Internet
Core with OSPF: the MPR-OSPF Approach. In Pro-
ceedings of the 7th International conference on Intel-
ligent Transport Systems Telecommunications (pp. 1-5).

Bacelli, E., Jacquet, P., & Nquyen, D. (2008). OSPF
MPR Extension for Ad Hoc Networks. draft-ietf-ospf-
manet-mpr-00.

Basagni, S., Chlamtac, I., Syrotiuk, V.R., & Woodward,
B. A. (1998). A distance routing effect algorithm for
mobility (DREAM). In Proceedings of The Fourth An-
nual ACM/IEEE International Conference on Mobile
Computing and Networking (pp. 76-84).

Chen, K., & Nahrstedt, K. (2004). Limitations of
Equation-Based Congestion Control in Mobile Ad Hoc
Networks. In Proceedings of the 24th International
Conference on Distributed Computing Systems Work-
shops - W7: EC (ICDCSW’04) (Vol. 7, pp. 756-761).
Washington, DC, USA.

Cheng, P., & Fu, L. S. C. (2003). TCP Veno: TCP
enhancement for transmission over wireless access net-
works. IEEE Journal on Selected Areas in Communica-
tions,21(2),216-228.doi:10.1109/JSAC.2002.807336

Clausen, T., & Jacquet, P. (2003). RFC 3626: Opti-
mized Link State Routing Protocol (OLSR). Internet
Engineering Task Force.

Divecha, B., Abraham, A., Grosan, C., & Sanya, C.
(2007), Impact of Node Mobility on MANET Rout-
ing Protocols Models. Journal of Digital Information
Management.

Djenouri, D., & Badache, N. (2006). New power-aware
routing protocol for mobile ad hoc networks. Interna-

tional Journal of Ad Hoc and Ubiquitous. Computing,
1(3), 126-136.

Floyd, S.(2003). RFC 3458: TCP Friendly Rate Control
(TFRC): Protocol Specification. Internet Engineering
Task Force.

6245



Mobile Ad Hoc Networks (MANETSs) for Multimedia Transmission

Garcia-Luna-Aceves, J. J., & Madruga, E. L. (1999).
The core-assisted mesh protocol. IEEE Journal on
Selected Areas in Communications, 17(8),1380-1394.
doi:10.1109/49.779921

Glass, S., Portmann, M., & Muthukkumarasamy, V.
(2008). Securing Wireless Mesh Networks. [). [EEE.].
Internet Computing, 12(4), 30-36. doi:10.1109/
MIC.2008.85

IEEE. (2005). IEEE Standard for Information technol-
ogy, 802.11e-2005, Local and metropolitan area net-
works-- Specific requirements-- Part 1 1: Wireless LAN
Medium Access Control (MAC) and Physical Layer
(PHY) Specifications - Amendment: Medium Access
Method (MAC) Quality of Service Enhancements.

IEEE. (2012). IEEE Standard for Information
technology-Telecommunications and information ex-
change between systems-Local and metropolitan area
networks-Specific requirements — Part 11: Wireless
LAN Medium Access Control (MAC) and Physical
Layer (PHY) Specifications, IEEE Std 802.11-2012
(Revision of IEEE Std 802.11-2007), pp. C1-2793.

Igartua, M. A., & Frias, V. C. (2010). Self-configured
multipath routing using path lifetime for video-
streaming services over Ad Hoc networks. Computer
Communications, 33(15), 1879-1891. doi:10.1016/j.
comcom.2010.06.019

JAVA. (2012). JAVA official web site. Retrieved No-
vember 9, 2012, from http://www.java.com/

Johnson, D., Hu, Y., & Maltz, D. (2003). RFC 4728:
The Dynamic Source Routing Protocol (DSR) for Mo-
bile Ad Hoc Networks for IPv4. Internet Engineering
Task Force.

Ko, Y.-B., & Vaidya, N. H. (2000). Location-Aided
Routing (LAR) in mobile ad hoc networks. Wireless
Networks,6,307-321.d0i:10.1023/A:1019106118419

Kosek, K., Szott, S., Natkaniec, M., & Pach, A. R.
(2008). Practical analysis of IEEE 802.11b/g cards in
multirate ad hoc mode. Journal of Telecommunications
and Information Technology.

Koubek, M., Rea, S., & Pesch, D. (2008). A Novel
Reactive Routing Protocol for Applications in Vehicular
Environments. In Proceedings of the 1 1th International
Symposium on Wireless Personal Multimedia Com-
munications (WPMC 2008). Finland.

6246

Li, M., Lee, S. C., Agu, E., Claypool, M., & Kinicki,
R. (2004). Performance Enhancement of TFRC in
Wireless Ad Hoc Networks. In Proceedings of the 10th
International Conference on Distributed Multimedia
Systems (DMS). San Francisco, CA, USA.

Mao, S., Lin, S., Panwar, S. S., Wang, Y., & Celebi, E.
(2003). Video transport over ad hoc networks: multi-
stream coding with multipath transport. IEEE Journal
on Selected Areas in Communications, 1721-1737.

Matin, M., & Naaji, N. (2010). Performance Analysis
with Enhanced Distributed Channel Access (EDCA)in
IEEE 802.11e for Real Time Video Streaming (MPEG-
4) in Multi-hop MANET. Journal of Communication
and Computer, 7(4), 24-29.

Natkaniec, M., Kosek-Szott, K., & Szott, S. (2010).
QoS Support in Multi-hop Ad-hoc Networks. In T.
Lagkas, P. Angelidis, & L. Georgiadis (Eds.), Wire-
less Network Traffic and Quality of Service Support:
Trends and Standards (pp. 230-270). Hershey, PA:
Information Science Reference. doi:10.4018/978-1-
61520-771-8.ch010

Open P2P Project. (2012). Retrieved November 9,
2012, from http://www.openp2p.com

Pallot, X., & Miller, L. E. (2001). Implementing mes-
sage priority policies over an 802.11 based mobile ad
hocnetwork. In Proceedings of the IEEE Military Com-
munications Conference (MILCOM) (pp. 860-864).

Park, V., & Corson, S. (2001). Temporally-Ordered
Routing Algorithm (TORA) Version 1, Functional
Specification. Internet Draft, [ETF MANET Working
Group.

Perkins, C., & Belding-Royer, E. (2003). RFC 3561:
Ad hoc On-Demand Distance Vector (AODV) Routing.
Internet Engineering Task Force.

Perkins, C. E., & Bhagwat, P. (2004). Highly Dynamic
Destination-Sequenced Distance Vector (DSDV) for
Mobile Computers. In Proceedings Of the SIGCOMM
1994 Conference on Communications Architectures,
Protocols and Applications (pp 234-244).

Pi, R. (2012). Raspberry Pi, An ARM GNU/Linux
box for $25. Retrieved November 9, 2012, from http://
www.raspberrypi.org/



Qadri, N. (2009). Robust Video Streaming over an
Urban VANET. In Proceedings of the IEEE Interna-
tional Conference on Wireless and Mobile Computing,
Networking and Communications (pp.429-434).

Schierl, T., Stockhammer, T., & Wiegand, T. (2007).
Mobile Video Transmission Using Scalable Video
Coding. IEEE Transactions on Circuits and Systems
forVideo Technology, 17(9),1204-1217.d0i:10.1109/
TCSVT.2007.905528

Shagufta, H. (2009). A Throughput Analysis of TCP
Variants in Mobile Wireless Networks. In Proceedings
of the Third International Conference on Next Genera-

tion Mobile Applications, Services and Technologies
(NGMAST ‘09) (pp. 279-284). Washington, DC, USA.

Shculzrinne, H., Casner, S., Frederick, R., & Jacobson,
V. (2003). RTP: A Transport Protocol for Real-Time
Applications, RFC 3550. Retrieved November 9,2012,
from http://www.ietf.org/rfc/rfc3550.txt

Singh, S., & Raghavendra, C. S. (1998). PAMAS—
power aware multi-access protocol with signalling
for ad hoc networks. ACM SIGCOMM’98 Computer
Communication Review.

Sinha, P., Sivakumar, R., & Bharghavan, V. (2009).
CEDAR: a core-extraction distributed ad hoc routing
algorithm. In Proceedings of the IEEE International

Conference on Computer Communications (pp. 202-
209).

SMARTDUST. (2012). Autonomous sensing and com-
munication in a cubic millimeter. Retrieved November
9,2012, from http://robotics.eecs.berkeley.edu/~pister/
SmartDust/Bluetooth Special Interest Group.

Sreekumari, P., & Chung, S. (2011). TCP NCE: A uni-
fied solution for non-congestion events to improve the
performance of TCP over wireless networks. EURASIP

Journal on Wireless Communications and Networking.
doi:10.1186/1687-1499-2011-23

Universal Plug and Play (UPnP). (2012). Forum. Re-
trieved November 9, 2012, from http://www.upnp.org/

Category: Networking and Telecommunications

Vazao, T. (2008). Wireless Loss Detection for TCP
Friendly Rate Control Algorithm in Wireless Net-
works. Information Networking. Towards Ubiquitous
Networking and Services (pp. 113-122). Lecture Notes
in Computer Science Berlin, Heidelberg: Springer.
doi:10.1007/978-3-540-89524-4

Wi-Fi Alliance. (2012). Retrieved November 9, 2012,
from http://www.wi-fi.org/

WiMAX forum. (2012). Retrieved November 9, 2012,
from http://www.wimaxforum.org/

Wu, C. W, & Tay, Y. C. (1999). AMRIS: a multicast
protocol for ad hoc wireless networks. Military Com-
munications Conference.

Xie, J. (2002). AMRoute: Ad Hoc Multicast Routing
Protocol. Springer Mobile Networks and Applica-
tions, 7(6).

Xu, K., Tian, Y., & Ansari, N. (2005). Improving
TCP performance in integrated wireless communica-
tions networks. Computer Networks, 47(2), 219-237.
doi:10.1016/j.comnet.2004.07.006

Yi, Y. (2002). On-Demand Multicast Routing Protocol
(ODMRP) for Ad Hoc Networks. draft-ietf-manet-
odmrp-04.txt.

Zhang, J. (2008). A Practical SNR-Guided Rate Adap-
tation. In Proceedings of The 27th IEEE International

Conference on Computer Communications. (pp. 2083-
2091). IEEE.

ADDITIONAL READING

Abolhasan, M., Wysocki, T., & Dutkiewicz, E. (2004).
A review of routing protocols for mobile ad hoc net-
works. Ad Hoc Networks, 2(1), 1-22. doi:10.1016/
S1570-8705(03)00043-X

Adam, G., Kapoulas, V., Bouras, C., Kioumourtzis,
G.,Gkamas, A., & Tavoularis, N. (2011). Performance
evaluation of routing protocols for multimedia trans-
mission over mobile ad hoc networks. In Wireless and
Mobile Networking Conference (WMNC), 4th Joint
IFIP, (pp. 26-28) Oct. 2011.

6247



Mobile Ad Hoc Networks (MANETSs) for Multimedia Transmission

KEY TERMS AND DEFINITIONS

Congestion Control: Actions concerning traffic
control into a telecommunications network in order
to avoid congestive during the transmission of data.

Mobile Ad Hoc Networks (MANETS): A self-
configuring and self-organized wireless network of
mobile devices.

Multicast: Transmitting data simultaneously to
many receivers without the need to replicate the data.

Multimedia Data: Data that consist of various
media types like text, audio, video, and animation.
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Quality of Service: The ability to provide spe-
cific guarantees to traffic flows regarding the network
characteristics, such as packet loss, delay, and jitter
experienced by the flows.

Real Time Multimedia Applications: Applica-
tions in which multimedia data has to be delivered and
rendered in real time.

Routing Protocols: A routing protocol uses routing
algorithms to determine optimal network data transfer
and communication paths between network nodes.



