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Abstract-

versions (multipath signals) then it cannot

The main aim of this paper is to compare the

decode the signal correctly. This phenomena

performance of OFDM and QAM system in

is known as inter-symbol interference and it is

multipath channel. A simulation program is

significant in high speed transmission. Low
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speed
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problems. Since the delay produced in

multi-carrier OFDM has been compared

multipath remain constant, ISI poses a

visually, graphically and Bit error rate has

limitation in high speed communication[1].

also been computed for quantitative analysis.

OFDM is able to overcome this problem by
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INTRODUCTION

data transmission by using several narrow-

I.

With the growth in the information network

band sub-carrier instead of single wide-band

and day by day increasing use of these

carrier. In OFDM multiplexing is performed to

network demands a new communication

independent signal which are sub-set of one

technique which give high data rate while

main

maintaining the low bit error rate. Orthogonal

combination of modulation and multiplexing

Frequency
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operation with better impulse noise and ISI

technique is one such modulation technique

immunity, high spectral efficiency and low

which provides high data rate. Most of the

complexity [2].

high speed communication techniques suffer

OFDM is different from FDM in the sense that

from inter-symbol interference(ISI).ISI occurs
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when original signal are interfered by the
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reflected version of the original signal which is
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provided between different channel to avoid
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buildings its. When receiver receive this
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original signal along with the reflected

channel in the receiver side. But in OFDM, the
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short,
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scenario is totally different. In OFDM, the

OFDM over single carrier QAM. A matlab

adjacent channel spectrum are overlapped to

program has been written to simulate the

each other which seem to create the adjacent

OFDM and QAM.

channel interference but since in OFDM, the
sub-carriers are orthogonal to each other
therefore this technique is able to avoid the
adjacent channel interference smartly. Due to
its

advantage

of

sending

the

In
Serial to
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Parallel to
Serial

IFFT

more

information in a limited band width and its
ability to transmit the data in reliably in
multipath

environment

[3-5],

Modulation
Block

OFDM

technique is used in almost all new broadband
communication schemes. The Bit error rate
Noise

analysis shows that the performance of OFDM

Channel

is better than the CDMA and hence OFDM is
replacing the CDMA which is being used in

Demodulation
Block

current existing 3G system[6][7].
A typical OFDM system is shown in figure 1,In
this system first of all the high speed serial
data is converted to parallel form
speed data

of low

Parallel to
Serial

FFT

Serial to
Parallel

by using serial to parallel

converter block based on [8][9].these parallel

Out

data is then arrange in frequency spectrum in
a suitable manner. An inverse fast fourier

Figure 2 OFDM System

transform[10-12] convert these frequency
domain data set into time domain. Here IFFT
is used because it satisfy the condition of
orthogonality

for

different

frequency

spectrum. In this system since the transmitted
signal is the vector sum of orthogonally
modulated channels which require high peak
to average power ratio, therefore it require a

II. METHODOLOGY

In order to evaluate the performance of
OFDM over QAM, a simulation program has
been designed using MATLAB as a platform.
Basic Block diagram of OFDM system is shown
in Figure 1 while the simulation flowchart is
shown in Figure2 and figure 3

device of large dynamic range[13-15].This
paper present a performance of multicarrier
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Step-5 Transmit this signal over the simulated
channel which has predefined multipath
characteristics.
In
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Receiver
Simulation
Block
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Parallel to
Serial

Parallel to
Serial
Channel
Simulation
Block

Multipath
Simulation

Out
Figure 4 OFDM simulation Flowchart (Reciever
Section)
Steps of the algorithm in the Reciever side are
as follows-

Out
Figure 3 OFDM Simulation Flowchart
(Transmitter and Channel section)

Step 1 Get the OFDM signal.

Step-1 Input the Data (Binary, text, audio).

Step 2 Convert these parallel data into
frequency domain with the help of FFT. The
data is now available in different orthogonal
carriers in modulated form.

Step-2 Convert the serial data into parallel
form.

Step-3 Demodulate these signal to get the
baseband signal.

Step-3 Modulate the parallel data to
orthogonal frequencies.

Step-4 Convert these data in to serial form to
get back the original signal.

Steps of the algorithm n the Transmitter side
are as follows-

Step-4 Convert the parallel data in to time
domain waveform using inverse Fourier
transform (IFFT).
Step-5 Combined all these parallel waveform
to create the single time domain waveform
for transmission.

III. EXPERIMENTAL RESULT

A MATLAB Simulation program is written to
compare the performance of multi carrier
OFDM and single carrier-QAM modulation
techniques
under
multipath
channel
environment. A multipath channel is
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simulated by adding attenuated and delayed
copies of the transmitted signal to the original
signal. User can set the strength of the
multipath in a channel in three level i.e. zero
multipath environment, small multipath
environment
and
large
multipath
environment. A sound file and a text message
has been taken as the signal and fed to the
OFDM system and QAM system and the
output obtained by both the system is
compared visually and by computing the Bit
error rate (BER).
Figure 5 Frequency domain representation of
transmitted sound file in QAM.

Figure 4 Characteristic of simulated
multipath channel.
Figure 4 shows the magnitude response of
simulated multipath channel through which
the OFDM and QAM transmission takes place.
Frequency domain representation of the input
data file in QAM is shown in figure 5 while the
spectrum of received data file(in Brown color)
in QAM is shown in figure 6 along with the
spectrum of original data file. From these
figures it is clear that QAM produced a lot of
distortion during transmission. On the other
hand the spectrum of original sound file in
OFDM system is shown in Figure 7. Figure 8
depicts the spectrum of received data file (in
gray color)along with the original data file (in
black color). From this figure it is clear that
OFDM also produced some multipath
distortions.

Figure 6 Data received by QAM system
(Brown) overlayed on the original data (Black).

Figure 7 Frequency domain representation of
the transmitted sound file in OFDM.
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shows the spectrum of recovered text and the
spectrum of recovered data. Similarly the
response of QAM system for the same text
message is shown in figure 14 and figure 15.
Figure 16 shows the original text message and
recovered message from OFDM and QAM
transmission.

Figure 8 Data received (In gray) in OFDM
system over-layed on the original data (Black)
Figure 12 OFDM Text input data (left) and
transmitted OFDM data (Right)

Figure 9 Original Sound file

Figure 13 OFDM recovered text (Left) and
Received OFDM (Right).
Figure 10 Sound file obtained by QAM

Figure 11 Sound File obtained by OFDM
Similarly if we input the sound file in OFDM
system then the recovered sound file
spectrum in QAM and OFDM is shown in
figure 10 and figure 11 respectively while the
original sound file spectrum is shown in fig. 9.

Figure 14 QAM text input data(Left) and
Transmitted QAM (Right)

The response of OFDM system on text
message is shown in Figure 12 and figure 13.
Figure 12 depicts the spectrum of text
message (left ) and the spectrum of
transmitted text message while the figure 13

Figure 15 QAM recovered text (Left) and
Received QAM (Right).
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Figure 16 Text file comparison for OFDM and
QAM
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In order to evaluate the performance of both
the system quantitively, Bit error rate(BER)
also computed for different multipath
environment and tabulated in table 1 and
table 2. A graph is also plotted for comparing
the bit error rate for text and sound file and
shown in figure 17 and figure 18.

small large

Figure 17 Graph for sound file for different
multipath environment
25.00%
20.00%
15.00%

Table 1 Bit Error rate (BER) for sound file

Multipath
Environment
zero
small
large

Bit Error Rate (BER)
OFDM
QAM
0.070%
0.901%
1.58%

0.993%
5.38%
23.176%

Table 1 Bit Error rate (BER) for Text file

Multipath
Environment
zero
small
large

Bit Error Rate (BER)
OFDM
QAM
0.038%
1.047%
1.478%

0.077%
8.62%
22.10%

OFDM

10.00%

QAM

5.00%
0.00%
zero small large

Figure 18 Graph for text file for different
multipath environment.
From the Figure 1 to figure 16, Table 1, table 2
and Figure 17, figure 18, it is clear that the
performance of OFDM system is far better
than the QAM in different multipath
environment.
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