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ABSTRACT

OFDM is a multi-carrier modulation technique with densely spaced sub-carriers that has
gained a lot of popularity among the broadband community in the last few years. Orthogonal
frequency division multiplexing (OFDM) is an established technique for wireless communication
applications. In this paper, system will be illustrated along with detailed simulation of the OFDM
system to study the effect of various design parameters. OFDM transceiver will be implemented
using FPGA kit. All modules are designed with VHDL programming language. VHDL be used for
RTL description and FPGA synthesis tools will be used for performance analysis of the proposed
core. ISIM Xilinx Edition will be used for functional simulation and verification. Xilinx ISE will
be used for synthesis.

Keywords: Orthogonal Frequency Division Multiplexing (OFDM), Field Programmable Gate
Array (FPGA), Very large scale integrated circuit hardware description language (VHDL).

1. INTRODUCTION

With the rapid growth of digital audio broadcasting, DSL Internet
communication in recent years, the need for access, wireless networks, power line
networks, and 4G mobile

high-speed data transmission has increased.
communications.OFDM  is  a frequency-

division multiplexing (FDM) scheme used as

The mobile telecommunications industry
faces the problem of providing the

technology that be able to support a variety
of  services ranging from  voice
communication with a bit rate of a few kbps
to wireless multimedia in which bit rate up to
2 Mbps. Many systems have been proposed
and OFDM system based has gained much
attention for different reasons. Orthogonal
frequency-division multiplexing (OFDM)
is a method of encoding digital data on
multiple carrier frequencies. OFDM  has
developed into a  popular scheme
for wideband digital communication, used in

applications such as digital television and

a digital multi-carrier modulation method. A
large number of closely
spaced orthogonal sub-carrier signals are
used to carry data'l on several parallel data
streams or channels. Each sub-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
bandwidthAlthough OFDM  was  first

developed in the 1960s, only recently has it
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been recognized as an outstanding method
for high-speed cellular data communication
where its implementation relies on very high-
speed digital signal processing, and this has
only recently become available with
reasonable prices of hardware implementati

2.PRINCIPLES OF OFDM

Orthogonal  Frequency  Division
Multiplexing (OFDM) 1is a modulation
scheme having multicarrier transmission
technique [7]. In OFDM, spectrum is divided
into abundant carriers each one being
modulated at lower data rates. In FDM
subcarriers are non-overlapping, hence
requires more bandwidth. Saving of
bandwidth in OFDM is own FDM is
analogous to FDM but much more spectrally
effective by positioning the sub-channels
much closer together. This is done by
selecting the frequencies that are orthogonal
and by letting the spectrum of each sub
channel to overlay another without
interfering with it. OFDM splits the available
bandwidth into many narrowband channels
(typically 100-8000), each with its own sub-
carrier. These sub-carriers are made
orthogonal to one another, meaning that each
one has an integer number of cycles over a
symbol period. Thus the spectrum of each
sub-carrier has a “null” at the Centre
frequency of each of the other sub-carriers in
the system, as demonstrated in Figure 1
below. This results in no interference
between the sub-carriers, allowing then to be
spaced as close as theoretically possible
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Fig 1 Orthogonalit of sub-camiers  Fig 2 OFDM sub camiers n the frequency domain

METHODOLOGY:

The methodology of this paper is basically
divided into four main stages. These stages is
started with study the relevant topics and
followed by the  design  process,
implementation, test and analysis stages. All
stages are subdivided into several small
topics or sub-stages and explanation for each
stage will be carried out in this paper. .

Fig 3 Methodology

IMPLEMENTATION

Ampll Sanial it

i o Invaria Parallal i

madul I¢I . 1 harial Dl
BT parallal Fouriar TN
dati \.,¢ alken conven j Transfa * o ﬂ i ¢, i
ien T n an

Fig 4 Suplfed transmiter block diagram.|

The generation of OFDM  signal
started from amplitude modulation mapping
bank. The serial input data is mapped to
appropriate symbol to represent the data bits.
These symbols are in serial and need to
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convert into parallel format since IFFT
module requires parallel input to process
data. The serial to parallel module does the
conversion. These parallel symbols are
transformed from frequency domain into time
domain using IFFT module. These signals
are converted into serial format and add a
cyclic prefix to data frame before being
transmitted.
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Figure above show the basic block
diagram for receiver module. There are five
modules in the receiver block and as mention
before, cyclic prefix removal will not be
included into the design. The received data is
in serial format, thus, since FFT input is in
parallel, a module which use to converts
from serial to parallel is required. Output
from FFT is converted back to serial format
through parallel to serial converter. The
conversion is required since the serial data
need to be transmitted. Finally the serial
output is demodulated using de-mapping
module to get the transmitted data.

4.0 Generation of OFDM signals:

To implement the OFDM
transmission scheme, the message signal
must first be digitally modulated. The
carrier is then split into lower-frequency
sub-carriers that are orthogonal to one
another. This is achieved by making use of
a series of digital signal processing
operations.The message signal 1is first
modulated using a scheme such as BPSK,
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QPSK, or some form of QAM (16QAM or
64QAM for example). In BPSK, each data
symbol modulates the phase of a higher
frequency carrier. Figure 2.2 shows the
time-domain representation of 8 symbols
(01011101) modulated within a carrier
using BPSK. In the frequency domain, the
effect of the phase shifts in the carrier is to
expand the bandwidth occupied by the
BPSK signal to a sinc function. The zeros
(or “nulls”) of the sinc frequency occur at
intervals of the symbol frequency.

Basa Fraquency = 17
T Symbol Period

fig?: A set of rthoganal signals

Fig 6: BPSK representation of 01011101

Originally, multi-carrier systems  were
implemented through the use of separate
local oscillators to generate each individual
sub-carrier. This was both inefficient and
costly. With the advent of cheap powerful
processors, the sub-carriers can now be
generated using Fast Fourier Transforms
(FFT). The FFT is used to calculate the
spectral content of the signal. It moves a
signal from the time domain where it is
expressed as a series of time events to the
frequency domain where it is expressed as
the amplitude and phase of a particular
frequency. The inverse FFT (IFFT) performs
the reciprocal operation.The underlying
principle here is that the FFT can keep tones
orthogonal to one another if the tones have an
integer number of cycles in a symbol period.
In the example figure 2.3 below, we see
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signals with 1, 2, and 4 cycles respectively
that form an orthogonal set.To convert the
sub-carriers to a set of orthogonal signals, the
data is first combined into frames of a
suitable size for an FFT or IFFT. A FFT
should be always in the length of 2N (where
N is an integer). Next, an N-point IFFT is
performed and the data stream is the output
of the transmitter. Thus when the signals of
the IFFT output are transmitted sequentially,
each of the N channel bits appears at a
different sub-carrier frequency.By using an
IFFT process, the spacing of the sub carriers
is chosen in such a way that at the frequency
where the received signal is evaluated, all
other signals is zero. In order for this
orthogonality, the receiver and the transmitter
must be perfectly synchronized. This means
they both must assume exactly the same
modulation frequency and the same time-
scale for transmission. At the receiver, the
exact inverse operations are performed to
recover the data. Since the FFT is perform
The main blocks of transmitter and receiver
are FFT and IFFT. The fourier transform is
given by

N-1
X(K)=Y. x(n)e?*™N

n=0

X(k) represent the DFT frequency output at
the k-the spectral point where k ranges from
0 to N-1. The quantity N represents the
number of sample points in the DFT data
frame. The quantity x(n) represents the n-th
time sample, where n also ranges from 0 to
N-1. In general equation, x(n) can be real or
complex.The DFT equation can be rewritten
into

N-1

X(K)=Y, x(m)Wy™
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n=0
The quantity Wa™ is defined as Wx™=¢
12mk/N 3¢ s defined as twiddle factor
8point FFT twiddle factor can be
defined as follows
Table 4.0: Twiddle Factor valuz for FFT

SISl IR sak <IN s sl s

W mﬁ}gﬂ WBl WBI WB} w\ivrﬁ Wsi Wsﬁ WBT

Vlue | 1 L7 A 07m-) -

‘ 1| 070750707
o 07071

0.7071440.7071

For decimation in frequency radix-2, the
input is separated into two halves which is:

x(0),x(1),......... x(N/2-1) and
xX(N/2), x(N/2+1),........... x(N-1)

Thus the DFT also can be separated into two
summations:

(N/2-1) N-1
XK=y x@W™+ W43 xmw™
n=0 n=N/2

Thermore, let:

a(n)=x(n)+x(n+N/2)

b(n)=x(n)-x(n+N/2)

To equation ....:

(N/2)-1

X(2k)= ¥ a(n) Wnp"™

n=0

(N/2)-1

X(2k+1)= ¥ b(n) Wxp™

n=0

The equation above shows that for FFT
decimation in frequency radix 2, the input
can be grouped into odd and even number.
Thus, graphically the operation can be view
using FFT flow graph shown in figure.
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4.7.1 FFT Signal Flow Graph.
Figure 4 8: 8-point FFT flow graph using decimation-in-frequency (DIF).
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Below is the table
show the value of twiddle factor for IFFT.

Table 4.1: Twiddle factor for 8 point Inverse Fast Fourier Transfomn

Uel| oe) o | o=l (0o | meb |iel] nes
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Stage1 Stage? Stage3
X(0) Y(0)
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Xi4) w > o ! Y[t)
—> —>
X5) W \/ - X w
1
X6 / /\\ — M W’ —5 ¥a)
1
) / \l /\ 1“'2 > >< —
From this flgure, the FFT computation is
accomplished in three stages. The X(0) until
X(7) variable is denoted as the input value
for FFT computation and Y(0) until Y(7) is
denoted as the output.
FFT stage | FFT stage] FFT staged
X(OpX(E==X0) XX QR=X"(0) XX (l)=>Y(U
X()+ X=X X(+X0)==X71) X)-X0)=
X)) =X XO-XQmWo=X7 X+ X0)=
X0)+X(=X0) [X(D)-XG)W0=-X3) X“(E)—X“G)-:»
X(0)-X(HWo ==X H+XDY)=X1 XW+X0)=Y(
[X(1)-XO)W1=X1) X(9)+X0)=X0) XH)-X0)=16
[XD)-XoW=X) K@-XEMW0=>X16)  XO+X0)=
X3)-XMW3=-X)) XE)-XMWo==X1) X10)-X()=
Inverse Fast Fourier Transform
Inverse Fast Fourier Transform

(IFFT) is used to generate OFDM symbols.
The data bits is represent as the frequency
domain and since IFFT convert signal from
frequency domain to time domain, it is used
in transmitter to handle the process. IFFT is
defined as the equation below:

I N-1

X(n)=--- 3 x(k)W™*

:5
=

3. SIMULATION RESULTS

3.1 Simulation Result of Serial to Parallel Conversion and Parallel to serial conversion:

= El
Fg Sv: Simulztion waveform of the senial to parallel. Fig 9: Simulation waveform for parallel to senial

Fig 8: Simulation waveform of the serial to
parallel.
for parallel to serialThe Figb shows a

Fig 9: Simulation waveform

simulation waveform for an input data
‘11001001°. The input data is in serial format
and the conversion is started with the start bit
is being asserted ‘1’ in the SERIN input.

block to get the parallel data from DOUT
right away. Otherwise the data may be lost
when the next word comes. The DRDY and
the start bit are allows to be asserted
simultaneously and DOUT’s value is
changed right after DRDY is disserted. The
old data is shifted out bit by bit. Output
PERRn is not asserted since the parity error
is not detected..Fig7above show three
example of data conversion from parallel to
serial. When input signal PL is asserted ‘1°,

the data DIN “11000111” is parallel loaded
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into the parallel to serial circuit. In the next
clock cycle, a start bit of ‘1’ is outputted,
followed by the data “11000111”, then
completed with an even parity bit of value
‘1’. After that, the output stays at low until
the PL input is asserted again. The second
data is “11001111” and start bit value is ‘1°.
But during data conversion RSTn signal is
asserted to ‘0’ result that the output of
SEROUT is ‘0. The third data is
“11010111”. The start bit is same followed
by data and parity bit value is ‘1°.

2.1 Simulation Result of OFDM transmitter and Reciever

Fig.10 simulation result of OFDM Transmitfer

CONCLUSION:A baseband OFDM
transmitter and receiver were successfully
designed on FPGA. Each block was tested
using Xilinx ISE. The complete resource
utilization is 4% f the number of slice FLIP
FLOPS and 72% of 4 input LUT’s.

REFERENCES:

1. Manjunath Lakkannavar, Ashwini
Desai “Design and Implementation of
OFDM using VHDL and FPGA”,
International Journal of Engineering
and Advanced Technology, Vol. 1,
Issue-6, August 2012.

2. M.A.Mohamed, A.S.Samarah, M.L
Fath Allah.“Implementation  of
OFDM physical laye Using

Vol 06 Issuel0, Sept 2017

Fig.11 simulation result of OFDM Receiver

ISSN 2456 - 5083

www.ljiemr.org

FPGA” International  Journal  of

Computer Science, Vol. 9, Issue 2,
March 2012.
Kaiser.S “Spatial t ans it dive sity

tecniques fo b oad band OFDM syste

s”, IEEE confe ence on Global
Communications,Vol. 3, Nov-2000,
P.P.1824-1828.

. Zheng Z.W, Zhi Xing Yang, Chang

Yong Pan, Zhu Yi S eng “Novel sync
onization fo DS-OFDM based digital
television testial broadcast system”,
IEEE Transactions on Broadcasting,
Vol.50, Issue 2, june 2004, P.P.148-
153.

. Zieann M, Doste t K “A ultipat

odelfote powe line cannel”,IEEE an
actions on Communications, Vol. 50,
Issue 4, April 2002, P.P.553-559.
6.He din M “A cunk based OFDM a
ply and for delaying scee for 4G
mobile audio system ” IEEE
Transactions on Communications,
Vol. 50, June 2006, P.P.4507-4512.
Suhagiyal, Prof. R.C.Patel “Design
and Implementation of OFDM
Transmitter and Receiver using 8-
point FF /IFF ”, International Journal
of Software & Hardware Research in
Engineering, Volume 2 Issue 2,
February 2014

. Nasreen Meyv, Brig. R.M.

Khaire“Implementation of OFDM
Transmitter and Receiver Using
FPGA”, International Journal of Soft
Computing and  Engineering
Volume-3, Issue-3, July 2013.

. Rag unandan Swain, Ajit Ku a Panda

“Design of 16-QAM Transmitter and

Page 742



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ljiemr.org

Receiver: Review of Methods of I ple Science, Vol. 1, Issue 9,November
entation inFPGA”,International 2012, P.P. 23-2
Journal of Engineering and

7.

Vol 06 Issuel0, Sept 2017 ISSN 2456 - 5083 Page 743



