IOSR Journal of Computer Engineering (IOSR-JECE)
ISSN : 2278-0661, ISBN : 2278-8727, PP : 30-33
Www.iosrjournals.org

BPSK Transmitter Design Using FPGA with DAC And Pulse
Shaping Filter To Minimize Inter-Symbol Interference(1SI)

Varsha G. Mangalel U.L.Bombale2

IM.Tech scholar,Electronics Tech.,DOT,Shivaji University,Kolhapur, India.
2Associate prof.,Dept. of Electronics,DOT,Shivaji University,Kolhapur, India.

ABSTRACT- In contrast to the sophisticated implementation of binary phase shift keying (BPSK) transmitter
using application specific integrated circuit(ASIC), mixer, and local oscillator(LO) for carrier signal; software
defined radio(SDR) provides a high performance, efficient and re-configurable platform to integrate all these
individual functions of BPSK transmitter. This work presents a tutorial exploitation to design and implement
BPSK transmitter using field programmable gate array(FPGA) for digital signal processing. The DSP-based
BPSK transmitter is developed and compiled to VHDL(VHSIC Hardware Description Language) netlist. For
proper interfacing D/A converter(DAC) with FPGA, a HDL module of configurations of LTC-2624 Analog
Module and clock synthesizer is integrated with the HDL netlist of BPSK transmitter. The cascaded pulse-
shaping filter is a Gaussian-filter that is used to eliminate any high-frequency noise component including sharp
transitions caused by ISI. Finally,the optimally synthesized netlist of the integrated design is implemented into
Xilinx Spartan-3E FPGA development board with DAC. The verification of DAC output signal via oscilloscope
shows the empirical real-time result similar to the simulated result. Further up-conversion for the BPSK
transmitted signal to higher frequency can be done using external analog RF devices with some design
modifications.
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l. INTRODUCTION

BPSK Modulator is one of the binary modulation techniques. BPSK gives the high immunity against
noise & interference & a very robust modulation. A digital phase modulation which is the case for BPSK
modulation uses phase variation to encode bits, each modulation symbol is equivalent to one phase an often
used illustration for digital modulation is the constellation. Intersymbol interference (ISI) occurs due to multi-
path signal reflections & nonlinear frequency response. Pulse shaping limits the out of band signals. The
cascaded pulse-shaping filter is a Gaussian-filter that is used to eliminate any high-frequency noise component
including sharp transitions caused by Intersymbol interference.

This work does not only present design and implementation of DSP-based BPSK transmitter using
FPGA, but also HDL (Hardware Description Language) module of configurations of expansion Analog Module
(especially DAC) and clock synthesizer that controls FPGA system clock frequency. The implementation issues
for integration of HDL netlist of BPSK transmitter and HDL module of setup configuration will also be
addressed.

The aim of this project is to design and implement BPSK transmitter using field programmable gate
array with DAC LTC 2624 (Spartan -3E FPGA development board) which can be used for digital signal
processing (DSP) applications. The main objective of this work is to minimize the ISI i.e. (inter-symbol
interference) induced by the BPSK modulator block by using pulse-shaping filter.

. METHODOLOGY

Since the advent of wireless communications such as 3G and 4G, software radio (SR) or software
defined radio (SDR) becomes dominant due to its highly configurable hardware and software platforms, as
compared to the sophisticated and complicated hardware platforms [1]. SDR performs various intermediate
frequency (IF) and baseband signal processing functions by using Digital Signal Processing (DSP) and logic
algorithms [2]. The commonly used silicon solutions for SDR implementation are field programmable gate
arrays (FPGAS), digital signal processors (DSPs), general purpose processors (GPPs), and application-specific
integrated circuits (ASICs). FPGA offers the best solution in IF stage and wideband (WB) modem processing
because it provides high speed, high level of integration, high flexibility, and low development costs, though it
may have high power consumption due to inefficient use of the FPGA logic elements (slices) [3].
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Fig. 1: BPSK transmitter using FPGA
BLOCK DIAGRAM

In SDR system, BPSK is a simple one-dimensional (1D) modulation scheme that the phase of carrier
sinusoidal signal changes abruptly by 180° or & radian for every transition of modulating binary sequence (input
bit) [4]. The block diagram of BPSK transmitter using FPGA is shown in Fig. 1. In BPSK baseband processing,
the input bit with value of ‘0’ or ‘1’ is mapped to symbol with gain (Gy) of —1 or +1 respectively through polar
conversion. At the same time, local oscillator (LO) generates carrier sinusoidal signal with frequency (f;) to be
mixed with G, by multiplier to produce BPSK transmitted signal (Sgpsk). While clock with certain frequency
(sampling rate) controls the timing of BPSK transmitter in FPGA.

Several researches on digital implementation of SDR-based BPSK have been done as in [5]-[8], but
there still remain some critical issues of interfacing analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) with FPGA. This project does not only present design and implementation of DSP-based
BPSK transmitter using FPGA, but also HDL (Hardware Description Language) module of configurations of
expansion Analog Module (especially DAC) and clock synthesizer that controls FPGA system clock frequency.
The implementation issues for integration of HDL netlist of BPSK transmitter and HDL module of setup
configuration will also be addressed. Next, analysis reports for validating the timing and area constraints during
processes of synthesis and FPGA implementation stage will be discussed. Lastly, the verification of real-time
result (DAC output signal) is done via observation from oscilloscope.

"’WW\/\NV\NW
AWV

Fig. 2: BPSK waveforms

1. DESIGN OBJECTIVE

This project needs the conversion of explicit set of specifications two a bit stream which is given
through design flow of FPGAs. Certain steps are followed to achieve this conversion

- Problem specification

- Validation of specifications

- Synthesis of design

- Indication of basic hardware design characteristics

- Bit stream generation

Once this flow is tested and verified, the design may be tested on a physical layer.

Next objective is to do HDL coding description of system
After validating the HDL code, BPSK transmitter is to be designed and validated using FPGA.
The project is divided into two phases:
1. SYSTEM LEVEL DESIGN AND SIMULATION
2. IMPLEMENTATIONS OF FPGA AND DAC & PULSE SHAPING FILTER.
Software Requirements:
—  Xilinx ISE Design Suite 12.3 1
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— ModelSim PE Student Edition 10.0c.
—  Windows XP/Windows 7

V. IMPLEMENTATION
The main aim of this project is to successfully implement the following design stages.
1. SYSTEM LEVEL DESIGN AND SIMULATION
1.1 Design and Simulation Using DSP Design Tools.
The DSP-based design of BPSK transmitter is developed in user-friendly DSP Design Tools
i.e. Xilinx System Generator in VHDL/Matlab/ Simulink environment

1.2 HDL Design of Setup Configuration.

1.3 Integration of DSP Design and Setup Configuration.
The Verilog HDL module of setup configuration and Verilog HDL netlist of BPSK transmitter
are verified firstly before combining both to become HDL module of integrated design

1.4 Synthesis of Integrated Design.
Although Xilinx ISE suite has its own synthesis tool Xilinx Synthesis Technology (XST), but
it can only synthesize HDL netlist generated from System Generator.

2. IMPLEMENTATIONS OF FPGA AND DAC and Result
2.1 Software Implementation of FPGA Design.

The synthesis output files required by Xilinx ISE software are in EDIF (Electronic Design
Interface File) and UCF (User Constraints File) formats.

The different equipment was used in accordance to a specific application or type of design
entry and varied for different labs. For the most part we used two types of FPGA boards: DSP and
Spartan-3E development board Starter Kits.

2.2 Hardware Implementation and Result.

The DAC Channel output from LTC2624 Analog Module is connected to oscilloscope in
order to display real-time result in analog domain. Observe the real-time result and simulated
results of BPSK transmitted signal.

V. SPECIFICATIONS
Specifications are validated taking into account the available interfaces and features on FPGA
evaluation board. Maximum clock source available on board is 50MHz. A Push-button is capable of driving
logic-1 (high) when pressed. With this available property, a ‘Reset’ specification are frozen to Active-high
assertion.
A DAC needed a SPI protocol based driving of output-digital data. With this into consideration the
output driven through SPI protocol controller. And additional architectural module integrated.

VI. EXPECTED RESULT

This Project has presented a detailed guideline to design and implement the BPSK transmitter in
Spartan-3E development board with DAC & pulse shaping filter. Two software packages namely Xilinx12.3 1
& ModelSim 10.0c used to implement and validate the results in terms of behavior, functionality, synthesis,
timing, and area constraints. The similarity of empirical real-time and simulated results will show the success of
FPGA and DAC implementations. On the other hand, timing issues such as sample rate, constraints, and
matching should be analyzed in-depth if the input bit is coming from external source which not present on the
FPGA board. By Inserting pulse-shaping filtering between polar conversion and mixer we can reduce inter-
symbol interference (ISI) to enhance the receiver performance.

VII.  CONCLUTION

Design & implementing hardware in FPGA is a formidable task. Based on the design specification,
careful choice of implementation method and tools can save a lot of time and work. This paper has presented a
guideline to design and implement the BPSK transmitter in Spartan3E FPGA development board with DAC in
LTC2624 Analog Module& pulse-shaping filter. By inserting pulse-shaping filtering between polar conversion
and mixer reduces ISI & enhance the performance. Precoding like source and channel coding can also be added
in BPSK transmitter for error checking and control. This work can be extended for biomedical application such
as Tele medicine, Biotelemetry & health medical care treatment for chronic diseases, implementation of CDMA
Transmitter, Modified BPSK transmitter using FPGA for satellite communication.
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