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Abstract— Orthogonal Frequency Division Multiplexing (OFDM)
is the physical layer in emerging wireless local area networks that
are also being targeted for ad hoc networking. OFDM can be also
exploited in ad hoc networks to improve the energy performance
of mobile devices. It is important in wireless networks because it
can be used adaptively in a dynamically changing channel. This
study gives a detailed view about OFDM and how it is useful to
increase the bandwidth. This paper also gives an idea about how
OFDM can be a promising technology for high capacity wireless
communication.
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l. INTRODUCTION

A. Ad hoc Networks

Ad hoc networks are a new paradigm of wireless
communication for mobile hosts where node mobility causes
frequent changes in topology. Mobile nodes that are within
each other’s radio range communicate directly via wireless
links called peer to peer or single hop ad hoc network. If
destination mobile node is out of range of the source mobile
node, other nodes in the range of the source and destination
acts as router to transmit packets between source and
destination and this is called multi — hop ad hoc networks. The
figures 1 and 2 show single and multi-hop ad hoc network.
Ad hoc networks are self-configurable and autonomous
systems consisting of routers and hosts, which are able to
support mobility and organize themselves arbitrarily.
Moreover, the ad hoc network can be either constructed or
destructed quickly and autonomously without any
administrative server or infrastructure. If the nodes of ad hoc
networks are mobile and with wireless communication to
maintain the connectivity, it is known as mobile ad hoc
network (MANET) and require an extremely flexible
technology for establishing communications in situations
which demand a fully decentralized network without any fixed
base stations, such as battle fields, military applications and
other emergency and disaster situations.

There are some challenges in mobile environments like
limitations of the wireless network, packet loss due to
transmission errors, variable capacity links, frequent
disconnections / partitions, limited communication bandwidth
and broadcast nature of the communications. In addition,
limitation imposed by mobility dynamically changing
topologies / routers lacks of mobility awareness by system /
applications. Limitations of the mobile computer such as short
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battery lifetime and limited capacities will create more
problems for the transmission.
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Figure 1. Single hop ad hoc network
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Figure 2. Multi hop ad hoc network

Ad hoc network has some problems include routing,
broadcasting, multicasting, geo casting, clustering, area
monitoring, data and service access. Topology control
problems include neighbor discovery, topology construction
and maintenance, activity scheduling, position discovery,
partition  detection, location updates, and network
management. In addition, there are two fundamental problems
network information capacity and minimum energy per bit.

Multiplexing or Muxing, is the process where multiple
analog or digital signals combined in one signal over shared
medium. For example, it is possible to transfer many phone
calls in one signal at the same time. At the receiver side, the
combined signals must be separate into the original signal.
This process is called Demultiplexing.

Multiplexing techniques may be divided into many
different types and they are space division multiplexing
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(SDM), frequency division multiplexing (FDM), time division
multiplexing (TDM) and code division multiplexing (CDM).

A. OFDM

OFDM is a modulation technique as well as multiplexing
technique as it is divide a single high data rate stream into a
number of lower rate streams that are data transmitted
simultaneous over some narrow sub channel. OFDM
technique offering better use of ad hoc network like inter-
symbol interference (ISI), OFDM avoids this problem by
sending many low speed transmissions simultaneously and
increase the network throughput.[1][2][3]

In OFDM, the sub carrier frequencies are chosen so that
the sub carriers are orthogonal to each other. This greatly
simplifies the design of both the transmitter and the receiver.
Unlike conventional Frequency Division Multiplexing (FDM),
a separate filter for each sub channel is not required. The
orthogonality allows high spectral efficiency with a total
symbol rate near the Nyquist rate for the equivalent baseband
signal. Almost the whole available frequency band can be
utilized. [4]

In conventional OFDM systems most of the approaches to
combat ICI are towards using frequency synchronization and
interference cancellation. They are usually very complex and
sometimes there is loss in bandwidth efficiency OFDM system
create high data rate with long symbol duration by combining
low data rate. It reduces equalization complexity by
implementing with Inverse Fast Fourier Transform (IFFT) at
the transmitter and Fast Fourier Transform (FFT) at the
receiver that converts the wide band signal affected by
frequency selective fading into N narrowband flat fading
signals.[8][9] The beneficial since OFDM enables support of
more antennas and large band widths since it simplifies
equalization dramatically in MIMO system. Hence, the
available bandwidth is utilized very efficiently in OFDM
systems. The figure 3 shows the physical model of the design
[10][11][22] .
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Figure 3. Physical Model

Il.  REVIEW OF THE LITERATURE

Dandan wang and Uf tureli[7] proposed a new transceiver
architecture with MIMO — OFDM in the physical layer and an
adaptive multiple antennas receiver initiated busy tone
medium access to improve the performance of ad hoc
networks. They have presented both theoretical and numerical
analysis of the throughput and delay.

Gavin yeng et.al.[6] presented a detailed OFDM and
channel modeling on the performance evaluation of higher
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layer protocols. The result of the model given by the author,
show that device and wireless channel can impact packet
delivery ratios and even point out a deficiency of the auto rate
fall back protocol.

Swati chowduri et.al.[5] proposed a model which
implements a MIMO- OFDM for MIMO based mobile ad hoc
network and compared its bit error rate with different
modulation technique. They have described different
approaches for channel estimation and data detection. They
have evaluated the performance of OFDM system using phase
shift keying and quadrature amplitude modulation with OFDM
using generalized gamma fading distribution.

Kamol kaemarungsi and prashant Krishnamurthy[4]
studies shows that adaptive OFDM can be also exploited in ad
hoc networks to improve the energy performance of mobile
devices. They have evaluated the improvement in performance
of adaptive OFDM over non — adaptive OFDM in ad hoc
networks using simulations. Their study shows that how much
of energy can be preserved by employing adaptive OFDM on
the physical layer and how the channel information gain from
the loading algorithm will help improve the energy
preservation of ad hoc wireless network.

In this paper we have done a simulation to show that the
OFDM got the characteristics to improve the bandwidth in the
MANET. Moreover the study reveals the advantages of
OFDM over other multiplexing technique.

I1l.  SIMULATION AND RESULTS

OFDM is a physical layer encoding technology for
transmitting signals through the RF. This method breaks one
high — speed data carrier into several lower speed carriers.
These are in turn transmitted in parallel across that particular
RF spectrum. The 802.11a subcommittee has elected to use
the transmission technique for their standard in the 5 GHz
unlicensed national information infrastructure bands. OFDM
also used in the 2.4 GHz ISM band as the physical layer
standard for the 802.11g standard. The simulation design
contains three parts. The figure 3 shows the detailed view of
the design.

Node: It is the receiving end; it may be a laptop, desktop or
a mobile. In the MATLAB ‘Signal generator’ selected to act
as a node and it generates continuous square pulse at 1
amplitude and 1Hz frequency.

Interface: Discrete input signal at 0.5 intervals.

OFDM: This block contains three units. P / S to convert
signals from parallel to serial; Inverse Fast Fourier Transform
(IFFT) is useful for OFDM because it generates samples of a
waveform with frequency components satisfying orthogonally
conditions. The following Fourier transform shows the in-
phase and quadrature components.

N-1
s(t) = Z [a(n) cos(w,t) + b(n) sin(w,t)] (1)

a(n) — is a real sequence representing the in-phase
component.
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b(n) — is a real sequence representing the quadrature
component.

Fourier Fast Transform ( FFT) : A FFT is an efficient
algorithm to compute the Discrete Fourier Transform ( DFT )
and its inverse. There are many distinct FFT algorithms
involving a wide range of mathematics from simple complex —
number arithmetic to group theory and number theory.
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Figure 4. Modulation and Decoder Subsystem

A. System Transmitter

Transmission system generates digital signals and it will be
guantized and enter into the OFDM system. After that the
signal sends through radio wave. In the simulation, we have
proved that OFDM increases bandwidth. Bandwidth describes
the signal media carrier and the extent of use. This can be
known by discovering the signal in the frequency domain and
measuring the distance between the f land f2 at -3dB.
The following figure5 shows the OFDM transmitter and figure
6 shows the normal increased bandwidth.
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Figure 6. Normal Bandwidth
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We have made this simulation to prove that the OFDM
increases the bandwidth. First part of our simulation is
transmitter without OFDM. The following figures show the
transmitter without OFDM and output of the system.
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Figure 7. Transmitter without OFDM
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Figure 8. Output of the Transmitter without OFDM

The straight red line in the figure represents the -3dB. It is
clear that bandwidth did not reach the maximum level. The
same process with OFDM is shown below.
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Figure 9. Transmitter with OFDM
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Figure 10. Output of the Transmitter with OFDM

The output shows clearly that the OFDM increases the
bandwidth.

IV. CONCLUSION

This paper has presented on the effects of detailed OFDM
and its advantages over other multiplexing techniques. The
results show that the OFDM acts as an accelerator to increase
the bandwidth.

Adaptive OFDM system has optimum throughput
performance for low and high mobility conditions. OFDM is a
promising technology suitable for high capacity wireless
communications and it is computationally efficient by using
FFT techniques to implement the modulation and
demodulation functions.
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