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Abstract — Wireless Multimedia Sensor Networks (WMSNSs) are spread systems of wirelessly networked devices that permit retrieving video
and audio streams, still images, and scalar sensor data. WMSNSs will be a crucial component of mission-critical networks to protect the operation
of strategic national infra-structure, provide support to counteract emergencies and threats, and enhance infrastructure for tactical military
operations. To enable these applications, WMSNs require the sensor network paradigm to be re-thought in view of the need for mechanism to
deliver multimedia content with a pre-defined level of Quality of Service (QoS).

In this paper, an improved cross-layer communication architecture based on the multiple-input and multiple-output (MIMO) — orthogonal
frequency division multiplexing (OFDM) technology is described, whose goal is to reliably and flexibly bring QoS to various applications in
WMSNs and also get better life cycle parameters, by leveraging and conniving connections between different layers of the protocol stack
according to application requirements. Simulations get the recital objectives of WMSNSs exclusive of sacrificing on the modularity of the overall
design.

Index Terms — Wireless multimedia sensor networks, improved cross-layer communication architecture, Quality of Service and life cycle

improvement, multiple-input and multiple-output (MIMO) — orthogonal frequency division multiplexing (OFDM) .

. INTRODUCTION

A Wireless Sensor Networks (WSN) consists of spatially
distributed autonomous sensors to monitor physical or
environmental conditions, such as temperature, sound,
vibration, pressure, motion or pollutants and to
cooperatively pass their data through the network to a main
location. The more modern networks are bi-directional, also
enabling control of sensor activity[8]. The development of
wireless sensor networks was motivated by military
applications such as battlefield surveillance; today such
networks are used in many industrial and consumer
applications, such as industrial process monitoring and
control, machine health monitoring, and so on [10].

The WSN is built of "nodes” — from a few to several
hundreds or even thousands, where each node is connected
to one (or sometimes several) sensors[9]. Each such sensor
network node has typically several parts: a radio transceiver
with an internal antenna or connection to an external
antenna, a microcontroller, an electronic circuit for
interfacing with the sensors and an energy source, usually a
battery or an embedded form of energy harvesting. A sensor
node might vary in size from that of a shoebox down to the
size of a grain of dust, although functioning "motes" of
genuine microscopic dimensions have yet to be created. The
cost of sensor nodes is similarly variable, ranging from a
few to hundreds of dollars, depending on the complexity of
the individual sensor nodes. Size and cost constraints on
sensor nodes result in corresponding constraints on
resources such as energy, memory, computational speed and
communications bandwidth. The topology of the WSNs can
vary from a simple star network to an advanced multi-hop
wireless mesh network. The propagation technique between
the hops of the network can be routing or flooding. In
computer science and telecommunications, wireless sensor
networks are an active research area with numerous
workshops and conferences arranged each year [11, 12].
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1. RELATED WORK

There is a vast literature on physical layer aspects of the
MIMO technology. Excellent comprehensive surveys of the
MIMO transmission technique and of localization
techniques for MIMO systems are provided respectively.
Although, like CDMA, MIMO is multiple orthogonal
frequency division multiplexing (Multiple - OFDM)
technology, non-zero cross-correlation between time-
hopping sequences, time-asynchronicity between sources
and the strong effect of multipath propagation require for
suitable MAC and higher layer solutions.
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Figure.1.Architecture of the cross-layer controller.

1. PRINCIPLES OF ADVANCED CROSS-
LAYER CONTROLLER

In this section, we overview the principles that guide our
system design[7]. We assess the benefits of our design in
view of the performance objectives and of the characteristics
of WMSNs[2], and describe the advanced cross-layer
control architecture of MIMO technology.

a.  Network Layer QoS Support enforced by a Advanced
cross-layer controller.
b.  Geographical Forwarding.
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Hop-by-Hop QoS contracts.
Receiver-centric scheduling for QoS Traffic.
MIMO layer.

Dynamic channel coding [1].

- oo

(AVA QUALITY OF SERVICE

The quality of service (QoS) refers to several related
aspects of telephony and computer networks that allow the
transport of traffic with special requirements. In particular,
much technology has been developed to allow computer
networks to become as useful as telephone networks for
audio conversations, as well as supporting new applications
with even stricter service demands.

In the field of telephony, quality of service was defined
by the ITU in 1994[14]. Quality of service comprises
requirements on all the aspects of a connection, such as
service response time, loss, signal-to-noise ratio, cross-talk,
echo, interrupts, frequency response, loudness levels, and so
on. A subset of telephony QoS is grade of service (GoS)
requirements, which comprises aspects of a connection
relating to capacity and coverage of a network, for example
guaranteed maximum blocking probability and outage
probability[15].

In the field of computer networking and other packet-
switched telecommunication networks, the traffic
engineering term refers to resource reservation control
mechanisms rather than the achieved service quality.
Quality of service is the ability to provide different priority
to different applications, users, or data flows, or to guarantee
a certain level of performance to a data flow. For example, a
required bit rate, delay, jitter, packet dropping probability
and/or bit error rate may be guaranteed. Quality of service
guarantees are important if the network capacity is
insufficient, especially for real-time streaming multimedia
applications such as voice over IP, online games and IP-TV,
since these often require fixed bit rate and are delay
sensitive, and in networks where the capacity is a limited
resource, for example in cellular data communication.

A network or protocol that supports QoS may agree on a
traffic contract with the application software and reserve
capacity in the network nodes, for example during a session
establishment phase. During the session it may monitor the
achieved level of performance, for example the data rate and
delay, and dynamically control scheduling priorities in the
network nodes. It may release the reserved capacity during a
tear down phase.

A best-effort network or service does not support quality
of service. An alternative to complex QoS control
mechanisms is to provide high quality communication over
a best-effort network by over-provisioning the capacity so
that it is sufficient for the expected peak traffic load. The
resulting absence of network congestion eliminates the need
for QoS mechanisms.

A network or protocol that supports QoS may agree on a
traffic contract with the application software and reserve
capacity in the network nodes, for example during a session
establishment phase[3].

During the session it may monitor the achieved level of
performance, for example the data rate and delay, and
dynamically control scheduling priorities in the network
nodes. It may release the reserved capacity during a tear
down phase.
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Figure.2.Wireless QoS hierarchy

A best-effort network or service does not support quality
of service. An alternative to complex QoS control
mechanisms is to provide high quality communication over
a best-effort network by over-provisioning the capacity so
that it is sufficient for the expected peak traffic load. The
resulting absence of network congestion eliminates the need
for QoS mechanisms.

QoS is sometimes used as a quality measure, with many
alternative definitions, rather than referring to the ability to
reserve resources. Quality of service sometimes refers to the
level of quality of service, i.e. the guaranteed service
quality. High QoS is often confused with a high level of
performance or achieved service quality, for example high
bit rate, low latency and low bit error probability.

An alternative and disputable definition of QoS, used
especially in application layer services such as telephony
and streaming video, is requirements on a metric that
reflects or predicts the subjectively experienced quality. In
this context, QoS is the acceptable cumulative effect on
subscriber satisfaction of all imperfections affecting the
service. Other terms with similar meaning are the quality of
experience (QOE) subjective business concept, the required
“user perceived performance”, the required “degree of
satisfaction of the user” or the targeted “number of happy
customers”. Examples of measures and measurement
methods are Mean Opinion Score (MOS), Perceptual
Speech Quality Measure (PSQM) and Perceptual Evaluation
of Video Quality (PEVQ). See also subjective video quality.

V. ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING

Orthogonal frequency-division multiplexing (OFDM)[4]
is a method of encoding digital data on multiple carrier
frequencies. OFDM has developed into a popular scheme
for wideband digital communication, whether wireless or
over copper wires, used in applications such as digital
television and audio broadcasting, DSL broadband internet
access, wireless networks, and 4G mobile communications.

OFDM is essentially identical to coded OFDM
(COFDM) and discrete multi-tone modulation (DMT),
and is a frequency-division multiplexing (FDM) scheme
used as a digital multi-carrier modulation method. A large
number of closely spaced orthogonal sub-carrier signals are
used to carry data. The data is divided into several parallel
data streams or channels, one for each sub-carrier. Each sub-
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carrier is modulated with a conventional modulation scheme
(such as quadrature amplitude modulation or phase-shift
keying) at a low symbol rate, maintaining total data rates
similar to conventional single-carrier modulation schemes
in the same bandwidth.

The primary advantage of OFDM over single-carrier
schemes is its ability to cope with severe channel conditions
(for example, attenuation of high frequencies in a long
copper wire, narrowband interference and frequency-
selective fading due to multipath) without complex
equalization filters. Channel equalization is simplified
because OFDM may be viewed as using many slowly
modulated narrowband signals rather than one rapidly
modulated wideband signal. The low symbol rate makes the
use of a guard interval between symbols affordable, making
it possible to eliminate intersymbol interference (I1SI) and
utilize echoes and time-spreading (that shows up as ghosting
on analogue TV) to achieve a diversity gain, i.e. a signal-to-
noise ratio improvement. This mechanism also facilitates the
design of single frequency networks (SFNs), where several
adjacent transmitters send the same signal simultaneously at
the same frequency, as the signals from multiple distant
transmitters may be combined constructively, rather than
interfering as would typically occur in a traditional single-
carrier system.

This section describes a simple idealized OFDM system
model suitable for a time-invariant AWGN channel.

A. Transmitter:

An OFDM carrier signal is the sum of a number of
orthogonal sub-carriers, with baseband data on each sub-
carrier being independently modulated commonly using
some type of
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Quadrature Amplitude Modulation (QAM) or phase-shift
keying (PSK). This composite baseband signal is typically
used to modulate a main RF carrier.

sinlis a serial stream of binary digits. By inverse
multiplexing, these are first demultiplexed into N parallel
streams, and each one mapped to a (possibly complex)
symbol stream using some modulation constellation (QAM,
PSK, etc.). Note that the constellations may be different, so
some streams may carry a higher bit-rate than others.

An inverse FFT is computed on each set of symbols,
giving a set of complex time-domain samples. These
samples are then quadrature-mixed to passband in the
standard way. The real and imaginary components are first
converted to the analogue domain using digital-to-analogue
converters (DACs); the analogue signals are then used to
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modulate cosine and sine waves at the carrier frequency, /e,
respectively[5]. These signals are then summed to give the

transmission signal, s(t).

B. Receiver:

Figure.4.OFDM Receiver

The receiver picks up the signal 7(t), which is then
quadrature-mixed down to baseband using cosine and sine
waves at the carrier frequency. This also creates signals
centered on 2J¢, so low-pass filters are used to reject these.
The baseband signals are then sampled and digitised using
analog-to-digital converters (ADCs), and a forward FFT is
used to convert back to the frequency domain.

This returns MNparallel streams, each of which is
converted to a binary stream using an appropriate symbol
detector. These streams are then re-combined into a serial
stream, 3[™] which is an estimate of the original binary
stream at the transmitter.

VL. MULTIPLE-INPUT AND MULTIPLE-
OUTPUT

In radio, multiple-input and multiple-output, or MIMO is
the use of multiple antennas at both the transmitter and
receiver to improve communication performance. It is one
of several forms of smart antenna technology. Note that the
terms input and output refer to the radio channel carrying
the signal, not to the devices having antennas.

MIMO technology has attracted attention in wireless
communications, because it offers significant increases in
data throughput and link range without additional bandwidth
or increased transmit power[6]. It achieves this goal by
spreading the same total transmit power over the antennas to
achieve an array gain that improves the spectral efficiency
(more bits per second per hertz of bandwidth) or to achieve
a diversity gain that improves the link reliability (reduced
fading). Because of these properties, MIMO is an important
part of modern wireless communication standards such as
IEEE 802.11n (Wifi), 4G, 3GPP Long Term Evolution,
WiMAX and HSPA+.
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Figure.5. MIMO Architecture
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A. Functions of MIMO:

MIMO can be sub-divided into three main categories,
precoding, spatial multiplexing or SM, and diversity coding.

Precoding is multi-stream beamforming, in the
narrowest definition. In more general terms, it is considered
to be all spatial processing that occurs at the transmitter. In
(single-layer) beamforming, the same signal is emitted from
each of the transmit antennas with appropriate phase (and
sometimes gain) weighting such that the signal power is
maximized at the receiver input. The benefits of
beamforming are to increase the received signal gain, by
making signals emitted from different antennas add up
constructively, and to reduce the multipath fading effect. In
the absence of scattering, beamforming results in a well
defined directional pattern, but in typical cellular
conventional beams are not a good analogy. When the
receiver has multiple antennas, the transmit beamforming
cannot simultaneously maximize the signal level at all of the
receive antennas, and precoding with multiple streams is
used. Note that precoding requires knowledge of channel
state information (CSI) at the transmitter.

Spatial multiplexing requires MIMO antenna
configuration. In spatial multiplexing, a high rate signal is
split into multiple lower rate streams and each stream is
transmitted from a different transmit antenna in the same
frequency channel. If these signals arrive at the receiver
antenna array with sufficiently different spatial signatures,
the receiver can separate these streams into (almost) parallel
channels. Spatial multiplexing is a very powerful technique
for increasing channel capacity at higher signal-to-noise
ratios (SNR). The maximum number of spatial streams is
limited by the lesser of the number of antennas at the
transmitter or receiver. Spatial multiplexing can be used
with or without transmit channel knowledge. Spatial
multiplexing can also be used for simultaneous transmission
to multiple receivers, known as space-division multiple
access. The scheduling of receivers with different spatial
signatures allows good separability.

Diversity Coding techniques are used when there is no
channel knowledge at the transmitter. In diversity methods,
a single stream (unlike multiple streams in spatial
multiplexing) is transmitted, but the signal is coded using
techniques called space-time coding. The signal is emitted
from each of the transmit antennas with full or near
orthogonal coding. Diversity coding exploits the
independent fading in the multiple antenna links to enhance
signal diversity. Because there is no channel knowledge,
there is no beamforming or array gain from diversity coding.

Spatial multiplexing can also be combined with
precoding when the channel is known at the transmitter or
combined with diversity coding when decoding reliability is
in trade-off.

Spatial multiplexing techniques make the receivers very
complex, and therefore they are typically combined with
Orthogonal frequency-division multiplexing (OFDM) or
with Orthogonal Frequency Division Multiple Access
(OFDMA) modulation, where the problems created by a
multi-path channel are handled efficiently. The IEEE
802.16e standard incorporates MIMO-OFDMA. The IEEE
802.11n standard, released in October 2009, recommends
MIMO-OFDM.

MIMO is also planned to be used in Mobile radio
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telephone standards such as recent 3GPP and 3GPP2. In
3GPP, High-Speed Packet Access plus (HSPA+) and Long
Term Evolution (LTE) standards take MIMO into account.
Moreover, to fully support cellular environments, MIMO
research consortia including IST-MASCOT propose to
develop advanced MIMO techniques, e.g., multi-user
MIMO (MU-MIMO).

MIMO technology can be used in non-wireless
communications systems.

VII. CONCLUSIONS

We have described the design of a n improved cross-
layer communication architecture to provide QoS in wireless
multimedia sensor networks based on MIMO-OFDM
technology. The architecture is based on an innovative
design that aims at providing life cycle improvement,
differentiation in the domain of throughput, delay,
reliability, based on a modular cross-layer controller that
performs admission control, routing, scheduling, bandwidth
assignment and coding to satisfy application requirements.
Performance evaluation shows that the architecture is a
promising solution to satisfy the performance targets of
WMSNSs. In particular, delays are very low and with low
jitter, throughput is fairly constant in time and its life cycle
is highly improved.
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