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ABSTRACT

Orthogonal Frequency Division Multiplexing
(OFDM) is a modulation technique used in the
large number of Wireless LAN standards. The
available spectrum is divided into many
subcarriers, modulation of each of the subcarrier is
done at a low rate data. The objective is to design
VHDL codes for processing blocks namely FFT
and IFFT. The main aim is to implement the core
blocks FFT & IFFT system on FPGA. Xilinx tool is
used for synthesis and to generate the synthesis
report of our design. Modelsim is used to simulate
the behavior of the design at various levels it helps
to generate simulation result. The choice of
FFT/IFFT is done in the design instead of the
Discrete Fourier Transform and Inverse Discrete
Fourier Transform as number of calculations
reduced dradtically. IFFT block is designed\by
performing various operations on FFT bleck thus
reducing the design time .FPGA is chosep- far
OFDM implementation as it is flexible &
reprogrammable

Keywords. OFDM, FFT, IFFT, FPGA, Xillinx,
M odelsim.

1. INTRODUCTION

OFDM is a form of modulation that divides
available spectrum into narrowband close-spaced
subcarriers. OFDM is being used on large scale due
to its high spectrum efficiency & high data rate.
OFDM has been adopted in the standards like
802.11a, 802.11n, 802.11ac and in LTE [2] .OFDM
is just same as FDM but with higher spectral
efficiency by spacing the sub-channels very close
to each other. This is due to special property of
OFDM known as orthogonality. Orthogonal means
that the signals are perpendicular in a mathematical
sense; this allows the spectrum of each sub-channel

to overlap another & that too without interfering.

Figure 1.0rthogonality

T4 OFDM ADVANTAGES &

DISADVANTAGES

OFDM has been used in many wireless systems
because of its high spectral efficiency. It’s ease of
implementation. It’s high immunity to Inter
Symbol Interference & Inter Carrier Interference.
Still few disadvantages of OFDM do exists. An
OFDM signal has a high large peak to average
power ratio. RF amplifier efficiency is affected due
to high PAPR. Another disadvantage of OFDM is
it’s sensitivity to carrier frequency offset and drift.
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2. OFDM TRANSMITTER
For generation of OFDM signal, OFDM transmitter
consists of different modules namely QAM
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encoder, serial to paralel convertor, IFFT and
parallel to serial convertor. The below figure of
OFDM transmitter shows processing of input
signal.

ISP L
|

|
e =i 1

| | R Ma—e
o | QAN reaper | EJ':u_: Snnlrl‘l’: “_.."..n’.; 1 “——o Parilet 0 |56
rout |4, 168.64.258) amy ] PR | Jeppes [ ol o
| OOIVBISIN R Sr—® otvwesn |
[ EES

.
| | r—_
Rt s le

| -Gyt
Ry o 4

Figure 2. Transmitter

The first block in the OFDM transmitter is QAM
encoder which modulates the input data sequence.
The output of this block is a complex value
symbols (I+jQ). The modulated data are then
parallelized with the serial to paralel convertor in
N different sub-carriers, where N is a quantity
dependant on the number of points, used in the
IFFT block. In this approach, we consider OFDM
system with 8 subcarriers. The paralel data is
given to the IFFT block input, one by one, and then
their transformation from frequency to time domain
happens. This block performs the calculation as
given in equation, where X(k) are input symbOls
and x(n) are outputs of the IFFT block.
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The parallel OFDM symbols are then converted
back to serial form by passing them through the
parallel to seria converter.

I mplementation =

In this implementation OFDM transmitter module
basicaly consists of seria to parallel converter,
QAM encoder, IFFT block & parallel to seria
converter [4]. The FFT block can be implemented
using shifter module, complimenter & FFT block.
To find IFFT conjugate of input should be taken,
then this conjugate is complimented. Next step is
performing FFT operation on the complimented
unit, then finally this unit is conjugated to get the
IFFT. So the IFFT block can be achieved by
performing several operations on the FFT block.
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Figure 4.IFFT implementation

3. @FDM RECEIVER

For/\reconstructing the generated OFDM signal,
©FBM receiver consists of various blocks namely
seria to paralel converter, FFT computation,
parallel to seria converter and QAM decoder. The
block diagram of OFDM receiver, showing OFDM
signal processing on the receiver side is shown.
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Figure5. Receiver

The receiver operations are exactly inverse that of a
transmitter [6]. The input data of the OFDM
receiver isfirst passed through the serial to parallel
converter. Then the signal is passed to the 8-point
FFT block. This block converts the input data to
frequency domain, and therefore the original form
of the transmitted symbols can be obtained. This
module executes the calculation as per equation
(2), where x(n) are input symbols and X(k) are
outputs of the FFT block.
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The FFT block output symbols are then serially
converted, with a paralel to seria converter
module. Each of the symbols is then sent to the
QAM decoder that does symbols demapping,
according to the appropriate constellation diagram.

I mplementation =

The FFT block in the receiver section can be
implemented using three modules stagel, stage2,
stage3 as we are implementing 3 stage FFT [7].
Each stage can be implemented using two modules
namely upper node & lower node. Finaly each
node can be implemented using adder, shifter,
multiplier & complimenter modules.
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Figure 6. FFT implementation
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Figure 7. FFT stage implementation
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Figure 8. FFT diagram

Butterfly: A butterfly is a basic block which is
used for calculation of FFTs. The inputs are A and
B and the outputs are A’ and B’ as can be seen in
the butterfly diagram below. WN represents a
complex value that is multiplied with the input B at
each stage of the FFT.
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WN is called as Twiddle factor. This factor is used
to multiply the input in the butterfly.Radix-2 FFT
algorithm uses this single butterfly in repetation
thus reducing the hardware resources utilizations] 5]

.The quantity can be defined as:
‘/‘/(‘IK = Jja2nk /N

It is the sine and cosine basis function written in
polar form.

4, FLOW DIAGRAM OF PROJECT
The transmitter and receiver blocks are
implemented independently, and then both the
subsystems were merged to form one system.
VHDL _coding for each block is done [1]. The
em is designed on Xilinx Project
i sing VHDL coding[5].Then simulation
i rmed using |SE simulator for timing, speed
esource utilization analysis. The Bit stream is
enerated using Xillinx. Then the generated
bitstream is downloaded on FPGA Spartan 3e
device[3]
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Figure 9. Flow diagram
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5. SIMULATION RESULTS

The simulations are done in modelsim.

Figure 10. OFDM simulation

Figure 12. IFFT Simulation

6. SYNTHESISRESULTS

The RTL schematic are presented below.

Figure 13. TOP Module RTL
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Figure15. RTL of IFFT

Device Utilization Summary:
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Figure 16. Device utilization summary

Hardware Requirement :

Device Family | Spartan 3

Device XC3400

Package PQ208

Speed Grade -4
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Hardwar e implementation of the project :

-
Wit biim aendil

Figure 17.Hardware implementation

7. CONCLUSION

The whole OFDM modem design has been carried
out using VHDL coding. The most critical blocks
FFT & IFFT are designed. IFFT is designed by
performing interpolation on FFT design. The

implementation requires less design time & less ) . _
‘& Design And Analysis Of OFDM Transceiver

hardware required. The designed OFDM system is

implemented on FPGA. Q
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