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Abstract- The new mobile technologies trying to give 
broadband over wireless channel allowing the user to have 
bandwidth connectivity even inside moving vehicle. The 
metropolitan broadband wireless networks require a non-line-
of-sight (NLOS) capability, and the scheme Orthogonal 
Frequency Division Multiplex (OFDM) becomes essential to 
overcome the effects of multipath fading. Orthogonal 
Frequency Division Multiplexing (OFDM) has become very 
popular, allowing high speed wireless communications. 
OFDM could be considered either a modulation or 
multiplexing technique and its hierarchy corresponds to the 
physical and medium access layer. A basic OFDM modulator 
system consists of a PSK modulator, a serial to parallel, and 
an IFFT module. The iterative nature of the IFFT and its 
computational order makes OFDM ideal for a dedicated 
architecture outside or parallel to the main processor. The 
VHDL implementation allows the design to be extended for 
either FPGA or ASIC implementation, which suits more for 
the Software Defined Radio (SDR) design methodology. In this 
project the OFDM modulator and demodulator will be 
implemented with full digital techniques. VHDL will be used 
for RTL description and FPGA synthesis tools will be used for 
performance analysis of the proposed core. The major blocks 
are Interleaving/Mapping circuit, 8 point IFFT, 8 point FFT, 
and arithmetic blocks. 
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I. INTRODUCTION 
 
 The telecommunications industry faces the problem 
of providing telephone services to rural areas, where the 
customer base is small, but the cost of installing a wired phone 
network is very high. One method of reducing the high 
infrastructure cost of a wired system is to use a fixed wireless 
radio network. The problem with this is that for rural and 
urban areas, large cell sizes are required to obtain sufficient 
coverage. These results in problems caused by large signal 
path loss and long delay times in multipath signal propagation. 
Currently Global System for Mobile telecommunications 

(GSM) technology is being applied to fixed wireless phone 
systems in rural areas or Australia. However, GSM uses Time 
Division Multiple Access (TDMA), which has a high symbol 
rate leading to problems with multipath causing inter-symbol 
interference. Several techniques are under consideration for 
the next generation of digital phone systems, with the aim of 
improving cell capacity, multipath immunity, and flexibility. 
These include Code Division Multiple Access (CDMA) and 
Coded Orthogonal Frequency Division Multiplexing 
(COFDM). Both these techniques could be applied to 
providing a fixed wireless system for rural areas. COFDM is 
currently being used in several new radio broadcast systems 
including the proposal for high definition digital television, 
Digital Video Broadcasting (DVB) and Digital Audio 
Broadcasting (DAB).  
 

However, little research has been done into the use of 
COFDM as a transmission method for mobile telecom-
municateions systems. With CDMA systems, all users 
transmit in the same frequency band using specialized codes 
as a basis of channelization. The transmitted information is 
spread in bandwidth by multiplying it by a wide bandwidth 
pseudo random sequence. Both the base station and the mobile 
station know these random codes that are used to modulate the 
data sent, allowing it to de-scramble the received signal. 
OFDM/COFDM allows many users to transmit in an allocated 
band, by subdividing the available bandwidth into many 
narrow bandwidth carriers. Each user is allocated several 
carriers in which to transmit their data. The transmission is 
generated in such a way that the carriers used are orthogonal 
to one another, thus allowing them to be packed together much 
closer than standard frequency division multiplexing (FDM). 
Thisleads to OFDM/COFDM providing a high spectral 
efficiency. Orthogonal Frequency Division Multiplexing 
(OFDM) is a multicarrier transmission technique, which 
divides the available spectrum into many carriers, each one 
being modulated by a low rate data stream. OFDM is similar 
to FDMA in that the multiple user access is achieved by 
subdividing the available bandwidth into multiple channels, 
which are then allocated to users. However, OFDM uses the 
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spectrum much more efficiently by spacing the channels much 
closer together.  

 
This is achieved by making all the carriers orthogonal 

to one another, preventing interference between the closely 
spaced carriers. Since OFDM is carried out in the digital 
domain, there are several methods to implement the system. 
One of the methods to implement the system is using Field-
Programmable Gate Array (FPGA). This hardware is 
programmable and the designer has full control over the actual 
design implementation without the need (and delay) for any 
physical IC fabrication facility. An FPGA combines the speed, 
power, and density attributes of an ASIC with the 
programmability of a general purpose processor will give 
advantages to the OFDM system. An FPGA could be 
reprogrammed for new functions by a base station to meet 
future needs particularly when new design is going to fabricate 
into chip. This will be the best choice for OFDM 
implementation since it gives flexibility to the program design 
besides the low cost hardware component compared to others.  
 

II. PROPOSED WORK 
 

The block diagram of an OFDM transceiver is shown 
in Figure 1. The basic component will be discussed in the next 
few subsections. 

 
1) OFDM Transmitter:  

 
 The main components of OFDM transmitter are 
shown in Figure 1. The randomizer is used as random bit 
generator. The first three blocks are used for data coding and 
interleaving. The coded bits will be mapped by the 
constellation modulator using Gray codification, this way an + 
jbn values are obtained in the constellation of the modulator. 
The serial to parallel converter converts the data bits from the 
serial form to the parallel form. The Inverse Fast Fourier 
Transform (IFFT) transforms the signals from the frequency 
domain to the time domain; an IFFT converts a number of 
complex data points, of length that is power of 2, into the 
same number of points but in the time domain. The number of 
subcarriers determines how many sub-bands the available 
spectrum is split into [11, 12]. The Cyclic Prefix (CP) is a 
copy of the last N samples from the IFFT, which are placed at 
the beginning of the OFDM frame to overcome ISI problem. It 
is important to choose the minimum necessary CP to 
maximize the efficiency of the system [16]. 
 
2) OFDM Receiver:  

 
The main blocks of OFDM receiver are observed in 

Figure 1 [9]. The received signal goes through the cyclic 

prefix removal and a serial-to-parallel converter [11]. After 
that, the signals are passed through an N-point fast Fourier 
transform to convert the signal to frequency domain. The 
output of the FFT is formed from the first M samples of the 
output. The demodulation can be made by DFT, or better, by 
FFT, that is it efficient implementation that can be used 
reducing the time of processing and the used hardware [14]. 
FFT calculates DFT with a great reduction in the amount of 
operations, leaving several existent redundancies in the direct 
calculation of DFT [13-15] 
 

III. SIMULATION AND RESULTS 
 

In this Section the result and analysis of the each and 
every block of baseband of transmitter is explained ,showing 
the RTL view of the building blocks and simulation results. 
 

 
Figure 1: Basic Block Diagram of OFDM Modem. 

 
Simulations Results: 
 

Following are the simulation results observed during 
the experimental set up of the system. The following three are 
the simulational results of the prime building blocks of the 
OFDM systems 

 

 
Figure 2: The RTL of Puncher Block 

 
The simulation results of the puncturer are shown 

below in figure number 2, consisting two bit streams as input 
and providing only one punctured bit stream as output,which 
clearly shows that the bit rate is increased , it is shown below 
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Following is the simulation of the serial to parallel convertor 
which shows that the serially input data coming from the 
previous blocks become paralleled .The parallel attribute of 
the bits arrangement is the main requirement of the OFDM 
transmission . The simulation results shows the conversion 
from serial to parallel and RTL view of FFT Design in 
following figure 3. 

 
Figure 3: RTL view of FFT Design 

 
After IFFT block the complete baseband simulation 

will be observed which clearly indicates the multiple ouputs , 
hence showing digitally the multiple bands of the system. The 
complete baseband simulation observed after the last block of 
the OFDM baseband system is shown in figure 6.  

 

 
Figure 4: The Xilinx ISE Summary of Design 

 

 
Figure 5: Power Synthesis Report 

 

 
Figure 6: Final Simulation 

 
IV. RESULT COMPARISONS 

 
In Experimental analysis Simulation is carried out 

using Xilinx ISE software, There are many secure high speed 
communication systems are available ,but even less are done 
inside a FPGA. some of the version of the OFDM applications 
are implemented inside a Spartan II FPGA . MB-OFDM 
module design using VHDL language and simulations have 
been done using Xilinx ISE simulation tool to check the 
functionality of each submodules of MB-OFDM . The serial to 
parallel Simulation results give output which has a particular 
importance in OFDM concept. The IFFT simulations at the 
last shows the multi-banding approach. 
 

Table 1: Comparative Analysis of Proposed and Previous 
Design 

 
 

V. CONCLUSION 
 
In this paper, OFDM MODEM has been studied and 

implemented for Modulator and Demodulator and Its 
applications have been extended from high frequency radio 
communications to telephone networks, digital audio 
broadcasting and terrestrial broadcasting of digital television. 
The advantages of OFDM, especially in the multipath 
propagation, interference and fading environment, make the 
technology a promising alternative in digital communications 
including mobile multimedia. Therefore this design can be 
applied to real-time signal processing system, which 
completes the main computing modules in the OFDM for 
multi services. The capability of designing and implementing 
an OFDM MODEM is presented in this work,the design 
considered using a pure VHDL with the aid of IPs to 
implement the IFFT and clock Synthesis Function from the 
Mapping results the design can be easily fit into Xilinx 
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