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ABSTRACT

The need for reliable data delivery at the transport layer for video transmission over IEEE 802.15.4
Wireless Sensor Networks (WSNs) has attracted great attention from the research community due to the
applicability of multimedia transmission for many applications. The IEEE 802.15.4 standard is designed
to transmit data within a network at a low rate and a short distance. However, the characteristics of
WSNs such as dense deployment, limited processing ability, memory, and power supply provide unique
challenges to transport protocol designers. Additionally, multimedia applications add further challenges
such as requiring large bandwidth, large memory, and high data rate. This chapter discusses the chal-
lenges and evaluates the feasibility of transmitting data over an IEEE 802.15.4 network for different
transport protocols. The analysis result highlights the comparison of standard transport protocols, namely
User Datagram Protocol (UDP), Transport Control Protocol (TCP), and Stream Control Transmission
Protocol (SCTP). The performance metrics are analyzed in terms of the packet delivery ratio, energy
consumption, and end-to-end delay. Based on the study and analysis that has been done, the standard
transport protocol can be modified and improved for multimedia data transmission in WSN. As a con-
clusion, SCTP shows significant improvement up to 18.635% and 40.19% for delivery ratio compared
to TCP and UDP, respectively.

DOI: 10.4018/978-1-4666-8751-6.ch026

Copyright © 2016, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



Transport Protocol Performance for Multi-Hop Transmission in Wireless Sensor Network (WSN)

INTRODUCTION

In the last few years, Wireless Sensor Networks
(WSNs) have raised a lot of attention of the re-
search community such as the industry and the
academic communities. WSNs are multi-hop
networks that deploy hundreds or thousands of
small sensor nodes with limited capabilities in
term of power resources, processing and memory.
Due to these limitations, IEEE 802.15.4 standard
represents amilestone in wireless sensor network.
IEEE 802.15.4 is a data communication protocol
standard uniquely designed for low rate wireless
personal area network (WPAN) (Adams, 2006).
However, the issues of multi-hop communication
and energy efficiency in WSN have imposed many
challenges and need further specific research
effort.

Typically, sensor nodes in WSNs have severe
constraints in energy resources, processing abil-
ity and memory resources. The reason of these
constraints is because of the effort to reduce the
cost of the sensor node (Ai & Abouzeid, 2006).
Furthermore, one of the characteristics of WSNs
is the dense deployment, which is to increase
the sensing coverage, connectivity and network
lifetime (Costa & Guedes, 2010). But this charac-
teristic limits the range of wireless communication
because of energy constraint and thus, the trans-
mission and processing function also needs to be
controlled. Then, the multi-hop communication
model is required to solve the problem of limited
communication ranges by transmitting the data
to the sink node using intermediate transmission
nodes. Moreover, the WSNs communication
protocol cannot fully apply buffering techniques
due to the constraints on memory and processing.
All of these constraints are crucial and need to
be considered during designing a new protocol
especially for multimedia applications, which
involves the transmission of high traffic volume
such as video.
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There is an additional challenge imposed on
multimedia transmission over WSNs, which is
requiring alarge bandwidth. This is due to the fact
that /EEE 802.15.4 standard is concerned with low
data rate applications. The maximum allowable
datarateinthe IEEE 802.15.4 standard is 250 Kbps
with the Maximum Transmission Unit (MTU) for
datatransmissionupto 128 bytes (Garcia-Sanchez,
Garcia-Sanchez, & Garcia-Haro, 2008) compared
to the IEEE802.11 standard that offers data rates
of several Mbps with Maximum Transmission
Unit (MTU) up to 1500 bytes. For that reason,
video transmission over IEEE 802.15.4 standard
is more challenging, and should be given special
attention due to its nature. The goal is hence to
achieve video transfer over low complexity and
cost networks at a satisfactory level of quality in
terms of Peak Signal to Noise Ratio (PSNR) at
the receiver side.

In WSNs, a communication protocol stack
provides similar functionalities to those of the
conventional computer network protocol stack.
However, the earlier is designed to operate in a
more dynamic environment (Zahariadis & Voli-
otis, 2007). This communication protocol stack
consists of 5 layers which are application, trans-
port, network, Medium Access Control (MAC)
and physical layers as shown in Figure 1.

Nevertheless, this chapteris mainly concerned
with the transport protocol provided by the trans-
port layer and responsible to ensure end-to-end
reliable data transfer from source to destination.
The WSNs transport protocol is mainly designed
to support congestion control, guaranteed end-to-
end reliability or both services either for scalar
data or multimedia applications. The reliable data
delivery mechanism for multimedia applications
will ensure reliability for packet level or applica-
tion level in order to achieve significant energy
consumption reduction with low end-to-end delay
in congested scenario (Bonivento & Fischione,
2007). On the other hand, the congestion control
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