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ABSTRACT
The aim of this thesis is to implement a Software DefinedidRdased wireless
communication system using a Xilinx Spartan 3E Field Programm@hte Array.
Software Defined Radio refers to the class of reprogrammadiesrin which the same
piece of hardware can perform different functions at differened. Xilinx’'s System
Generator for Digital Signal Processor tool is used to simuetd implement AM
modulation on the Spartan 3E Starter Board.

This paper includes detailed procedure to create a radio designMiatlzadp
Simulink and download the design onto the Spartan 3E board has been docuntented. T
performance of a baseband radio transmitter is analyzed usimgfonas for three
different modulation techniques. The Modulation techniques include Amplitude
Modulation, Amplitude Shift keying and Binary phase shift keying. Tra€io
performance in real time is also analyzed by implementingetheodulation techniques
on the hardware using a Xilinx Spartan 3E board. By comparing #nefarms
generated by implementing on the hardware and waveforms obtamid [Simulink,

the system was validated.
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CHAPTER 1
I ntroduction

1.1 Introduction

Wireless communication networks have become more popular in théwmast
decades since the advent of cellular communications. Today advamsem wireless
technology and wireless applications require flexibility in trerdivare. It is very
expensive and time consuming to create new radios in response tonghamngless
standards and applications [1]. Software radio can offer solutiotieese problems by
moving analog circuit components into the digital domain. Programnhadjle devices,
such as Field Programmable Gate Arrays (FPGASs) can lietaseplement the radio
functions.

Software Defined Radio (SDR) has gained much interest imrgears due to
the advancements in processor and FPGA technology. FPGAs providaptdality of
cheaply implementing functionality that previously was createdguaimalog hardware
components. FPGAs are built from one basic reconfigurable logiic duplicated
thousands of times. A logic cell is basically a small lookupetébUT), a D flip-flop and
a 2-to-1 multiplexer. The LUT is like a small RAM that can implementlagig function
up to four inputs. Complex logic functions are created by connecting murhbegic
cells together through interconnect resources (wires and mxérpiaced around logic
cell). Designs targeting FPGAs are typically describechgusdilardware Descriptions
Languages (HDLs). However, in this thesis digital functionatkd that needed to be
programmed in the FPGA core are designed and simulated usiidgAMBAand add-on

programs.



“In a Software Defined Radio (SDR), functions that were folynearried out
solely in hardware, such as the generation of the transmigadl and the tuning and
detection of the received radio signal, are performed by s@tthiat controls high speed
signal processors [6]".

Reconfigurabilityin radio technology in radio development is not a new technique.
In the 1980s, the first reconfigurable receiver was developedatho intelligence to
intercept and record enemy radio transmission and to determinedtations in the
short wave range [1]. As per SDR forum discussion the differeneeebetdifferent
levels of flexibility in a radio are as follows:

1) Hardware Radio (HR): Hardware Radio is defined as radiohichathere is no
software control of the hardware. The function of the hardwart isosit cannot be
changed [13].

2) Software Controlled Radio (SCR): In this radio only the control fanst are
implemented in software. For example, the transmitter paresndiee the
transmitted power level are controlled by software, whiledteer functions are
fixed in hardware [6].

3) Software Defined Radio (SDR): The name itself suggestsathidio functions are
implemented by software. These functions include modulation, multmgexi
amplification, mixing, multiple access and other transmitter recdiver processes
[6].

4) Ideal Software Defined Radio (ISDR): ISDR is same aR kcept that it does not
include front end analog. Ideal SDR is one that has a transdbkateperforms up

conversion and down conversion between baseband and the Radio Fredincy (



carrier exclusively in the digital domain, reducing the RFriate to a power

amplifier in the transmit path, a low noise amplifier in theehee path, and little or

no analog filtering. ISDR is currently unachievable due to tok &f very high

frequency RF-to-Digital converters capable of converting carfiequencies

directly to digital data [6].
1.2 Software Defined Radio versus Conventional Radio

Figure 1.1(a) shows the basic block diagram of a conventionab. r&dia

conventional radio’s receive path, the radio RF signal is recdilyegh antenna and it
goes through a band pass filter. Frequency conversion from the transmitted Riwé,
intermediate frequency (IF) is accomplished by multiplyingRIresignal by a sinusoidal
local oscillator (LO) in the mixer. An Analog to Digital Contaar (ADC) then samples
the output from the final IF stage and the digital data are @meddsy a Digital Signal
Processing (DSP) circuit. The components from antenna to ADC are alfjanahits. If
more stages of down conversion exist, then more analog comporeniseaed. Analog
components have limitations on signal processing capabilitieslexitility. And also
analog components are expensive. If the number of analog compomehsced, it will
result in simplification of the radio system, which in turn wésult in higher reliability
and reduced cost. It would be best if all the intermediate gséémges could be replaced
by digital components, so that the antenna is directly connectedXD@ or DAC. This
is shown clearly in Figure 1.1(b). The idea behind softwarmelkfradio is to move as
much of the radio functionality as possible into software. For tegpuency SDR, all the
RF tasks (DUC,DDC) can be performed on the FPGA, allowing the &D&ample the

antenna directly.
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Figure 1.1 (a) Block Diagram of Conventional Radio (b) Block Diagram of SDR
Air interface is the technology used for the radio transmissioweest base
station and mobile units in a wireless network, such as, Timei@vidultiple Access
(TDMA) and Code Division Multiple Access (CDMA). To compare thedtionalities of

conventional radio and SDR, A tabulation of their functions is provided in Table 1.1.



Table 1.1 Difference between Conventional Radio and Softwar e Defined Radio [19].

Conventional Radio Softwar e Defined Radio

Radio functionalities are primarily defined Radio functionalities are defined in
in hardware with minimum configurability software.
in software.

Upgrading of design is not possible. Upgrading is easy because of softwafe
based architecture.

User has to use different mobile devices Global mobility can be achieved by

because of incapability of standards. downloading the appropriate air interface
(TDMA, CDMA) thus overcoming the
incapability of standards.

Less efficient Reprogrammability makes SDR more
efficient and compact

1.3 Outlineof Thesis

In this thesis Chapter 2 presents the background of software diefid®. This
presents the fundamentals of software defined radio, gersslafound information and
various definitions of the software defined radio. It also presents thegxmschnologies
in the SDR field. Chapter 3 presents a design methodology for impleroeraatFPGASs
using the Xilinx System Generator software. Chapter 4 presenexpiegimental set up.
Simulation results for the different modulation techniques such asn#ddulation,
Amplitude Shift Keying (ASK), On-Off Keying (OOK), Binaryhase Shift Keying
(BPSK) modulation are analyzed. AM modulation is implemented oiXitmex Spartan

3E Starter Kit. Chapter 5 summarizes the Thesis content and also disatisse®/ork.



CHAPTER 2.
BACKGROUND
2.1 Introduction

In traditional architectures all modulation and demodulation is peef@rm the
analog domain. Over the last few years, analog radio systembemg replaced by
digital radio systems for various radio applications in militaiyilian and commercial
spaces. In addition to this, programmable hardware modules arasinglg being used
in digital radio systems at different functional levels. SDBhm®logy aims to take
advantage of these programmable hardware modules to build operedcuhitbased
radio system software [12].

Traditional hardware based radio devices limit cross functiyrehid can only be
modified through physical intervention. This results in higher productiots casd
minimal flexibility in supporting multiple waveform standards. Saitev Defined Radio
technology provides an efficient and comparatively inexpensive sohatittmis problem,
allowing multimode, multi-band or multi-functional wireless devicésmttcan be
enhanced using software upgrades [15].

Software Defined Radio refers to the class of reprogrammadiies in which the
same piece of hardware can perform different functions atelifféimes. A convenient
approach is to use Field Programmable Gate Arrays (FPGAS) to implphesical layer
signal processing for software defined radios. The FPGAs v&snivented by Xilinx in
1984. Since its invention it has gone from being simple glue Idggscao actually
replacing custom application—specific integrated circuits @8¥%land processors for

signal processing and control applications.



Currently the radio interface in a wireless system is uguaiplemented by
dedicated hardware. SDR came out as reprogrammable archdeatere developed
with the throughput required to perform the signal processing ap@esatommon in
radios. Many of the SDR developments have been increased by the areed f
reconfigurable radio receivers and transmitters [12]. For exanimeradio system at a
cell site might need to be reconfigured to implement new stdsda protocols, bypass
failed hardware, or reconfigure the network due to a change indtiie fpattern. By
using SDR, these changes can be performed remotely, and withaginghéhe radio’s
hardware, thereby reducing the need for visits to the sitenanelasing cost efficiency
[15].

While commercial SDR products exist, they are typicallyregdoward military
or telecommunication use and, as such, permit the implementatioghofréquency and
high-complexity radios. For simple research and educational purposeg of these
products are simply too complex and too expensive. However, se@rals{stems
exist that provide limited functionality for a much reduced coskimgathem appropriate
for hobby and educational use. Two such systems are discussed below.

2.2 Definitions of Software Defined Radio

Because of the many features of SDR, there are manyitaefs available.
Radios that include microprocessors and digital signal procedsorsot necessarily
qualify as a software radio. However a radio in which all thections such as
modulation, error correction, and encryption processes can be repnogdais called a
software defined radio [11]. The most common definitions of Software Defined Radio ar

as follow [16]:



¢ Flexible transceiver architecture, controlled and programmable by seftwar
e Digital signal processor able to replace, as much as possible, radio funésnali
e Transceiver where frequency band & radio channel bandwidth, modulation &
coding scheme and radio resource and mobility management protonokse ca
defined by software.
2.3 Characteristics of Software Defined Radio
Consider the system model of a SDR shown in Figure 2.3. The signal
transmission and reception is performed by the antenna. In theerecdirst section is
the Radio Frequency (RF) front end where the signal is reteiva carrier frequency
and down converted to an Intermediate frequency (IF ) or to tlebdad frequency by
mixing the incoming frequency with a local oscillator frequentiie Intermediate
Frequency (IF) section digitally samples the IF signal ik help of an Analog to

Digital Converter (ADC) [9].

Antenna

General

L o= -l
Front-End ﬂ FPGA Purpose
Computer

Receive Signal Path

Antenna
EF General
Front-End FPGA Purpose

Computer

Transmit Signal Path

Figure 2.3 Basic Block Diagram of SDR System. [7]



Finally, the baseband section consists of either a processor FlP@A, which
demodulates and filters the signal. The software or the codewsloaded into the
processor or FPGA hardware and it produces the output in accordartetheit
programmed parameters (modulation type and frequency band). For Iquericy
radios, the computational throughput of the FPGA is great enough torpeafioof the
RF front end tasks (down conversion, demodulation, etc.) in the FPGA &Helfing

the ADC to sample the antenna directly.

In the transmitter, the FPGA can be positioned between the DACthend
computer. Here the FPGA performs the computationally expensival sigocessing
which includes digital up conversion and interpolation filtering. TWe&CDronverts the
digital signal to an analog signal. The RF front end trarsstae outgoing signal from IF
or baseband to the desire carrier frequency by mixing the incdneimpgency to the local

oscillator frequency.
2.4 Advantages and Disadvantages of Softwar e Defined Radio

With SDR, the same piece of hardware will be rearranged forpedifferent
functions [15]. By using the same piece of hardware, time andtandie saved. Another
advantage of SDR would be the possibility to improve the softwarecessive steps,
and correcting errors and bugs discovered during the operation. SDR prévedes
benefits like reduced size, complexity and power consumption. The impsttant
advantage of an SDR system is that it can support a varidgtarefmission standards,
modulation schemes, and protocols simultaneously. While SDRs offeritbensf
discussed above, there are drawback in the design and implementaB@RofThese

include:



e The difficulty of designing software or hardware for variougearsystems or
standards.

e The problem of poor dynamic range of the receiver in some comnionica
system designs. The dynamic range of the receiver bdesdts ability to pick up
weak signals.

2.5 Implementation Platform

Real time software defined radio designs can be implementeg as/ariety of
digital hardware platforms. These include FPGAs, digital signatessors, ASICs and
general purpose processors. Each is discussed and compared below.

The DSP platform is essentially a microprocessor based syspéimized for
digital signal processing applications. High level languagek as C and MATLAB are
used to program DSPs. One of the main disadvantages of DSPstasbdhathere are
several computations to be performed, parallel executions o twmsputations will
slow down the rate at which data is processed.

FPGAs are general purpose integrated circuits that are programmédthtdnare
designer. An FPGA is programmed by downloading a bitstream intetatie on-chip
random access memory. The unique feature of FPGA is that ibecaaprogrammed,
even after it has been deployed in the system. Because of thjseuquality, their
configuration can be easily modified to upgrade the system.

ASICs, as the name implies, are used for only specific alits. ASICs
implement circuits with fixed hardware and cannot be modified aftanufacture.

Typically ASIC design is very expensive and time consuming.

10



General purpose processors are similar to DSPs as a hardatéoenpl It offers
flexibility and simplicity of design. Like DSPs, radio functiotiaé can be implemented
in high level languages such as C and C++.

General purpose processors are most generalized hardware thabecan
programmed to perform various functions, while ASICs are designe@ fpecific
application. FPGAs offer a compromise in flexibility betwee®l®@ and processor-based
platforms. There is a trade off between the maximum flexibidihd high power
consumption of processor platforms and the minimum flexibility and rlopaver
consumption of ASICs with FPGAs lying in between. There arer acidgantages of
using FPGAs instead of DSPs for signal processing in telecommunicatiomsiGAsS
are small, faster, offer higher throughputs, while the DSPs are cheapétRIGAS.

2.6 USRP (Universal Software Radio Peripheral)

The universal software radio peripheral is responsible for theiameaf a
software defined radio using any computer with an USB 2.0 port.llydsha USRP
board consists of one mother board and up to four daughter boards. Daughder boa
operating from DC to 2.9 GHz are available [3]. Figure 2.1 shtb@dJSRP hardware
and block diagram.

Features of USRP include:
e Four 64 MS/s 12 bit analog to digital converters and four 128 MS/s 14ghdldi
to analog converters.
e Four digital down converters with programmable decimation raitegveo digital

up converters with programmable interpolation rates.

11



e High speed USB 2.0 interface (480 Mb/s) and capable of processiggeh up to
16 MHz wide.

e Modular architecture supports wide variety of RF daughter boards.

e Auxiliary analog and digital I/O support complex radio controls such AGC.

¢ Fully coherent multi-channel systems (MIMO capable).

Receive Channel Transmit Channel

RF Interface Altera FPGA RF Interface
Fx2
UsB2
Controller
) - ADC — — ADC — )
Receive Receive
Daughterboard Daughterboard
- ADC — — —
FPGA
- DAC — — DAC —
Transmit Transmit
Daughterboard Daughterboard
- DAC — — DAC —

DC Power USE 2.0 Analeg Devices
Port Mixed Signal
Processor

Figure 2.1. USRP Hardware and Block Diagram. [3]
2.7 GNU Radio
GNU radio is an open source software toolkit which provides aryilmhsignal
processing blocks and attaches these blocks together for buildihga&ofDefined
Radios. In GNU radio the demodulation of the received waveform igwathiusing
software which also defines the transmitted waveforms. In shod @iNio is software
defined radio that can implement practically any traditionalorquist by changing the

software [15]. GNU radio provides functions which can support implemesgiegtrum

12



analyzers, oscilloscopes, multichannel receivers, and an ever-grawollegtion of
modulators and demodulators.

Figure 2.2 shows the basic architecture of GNU radio. It has se®ns which
includes an RF front end, USRP and PC. The user can develop and imtplegie
throughput radios using the Python programming language and Ce+matherboard
(USRP) includes four 12-bit 64M sample/sec ADCs, four 14-bit, 128 sample/sec BACs
million gate Field Programmable Gate Array and a prograbdenUSB 2.0 controller.
The ADC and DAC are the bridge between the continuous-time analog sigd the
discrete digital signal. At the receiver side an RF froxd eonverts the received high

frequency signal to a lower range [7].

Sender
User-defined RF
Code ’ usB FPGA - DAC ' Frontend
PC USREP (mother board)
Receiver
User-defined RF
Code  «f use 7. FPGA =: ADC ¥ Frontend

Figure 2.2 Basic Architecture of GNU Radio [7]
2.8 System Generator
System Generator for DSP is a high-level tool for designigy-performance
DSP systems using FPGAs [17]. It allows a user to developyhigiibllel systems with

advanced FPGAs. It provides system modeling and automatic code gendrain

13



Simulink and MATLAB. It also integrates the Register Trandfevel (RTL) HDL,

embedded, IP, MATLAB, and hardware components of a DSP system.

Features of System Generator include:

DSP modeling: It builds and debugs high-performance DSP systeSiswulink
using a special Xilinx Blockset that contains hardware desmmgptof functions

for signal processing (e.g., FIR filters, FFTs), error coiwaci{e.g., Viterbi

decoder, Reed-Solomon encoder/decoder), arithmetic, memories (&Q, FI

RAM, ROM), and digital logic.

Automatic code generation of HDL from Simulink: It produces hardveesigns
using target-specific Xilinx IP cores from the Xilinx BloeksSystem Generator,-
supports blocks generated from the AccelDSP synthesis tool, and suqysbois
HDL inclusion.

Hardware co-simulation: It supports the execution of generated hardveaiules
on the FPGA, automatically importing the results into Simulink. Tressjlts for
the compiled System Generator blocks are computed on the FPGA tfahe
being emulated in software.

Hardware / software co-design of embedded systems: It akdwsltaneous
design of both hardware and software to be implemented in a déasneten.
System Generator provides a shared memory abstraction of tH@WWiterface,
automatically generating the DSP co-processor, the bus irgddgc, software

drivers, and software documentation for using the co-processor.

14



CHAPTER 3
SDR DESIGN METHODOLOGY
3.1 Wireless Communication System Model for Software Defined Radio.
The standard wireless communication system consists of a ttersrmohannel,
and a receiver. Figure 3.1 shows the functional block diagram of th&aldigi

transceiver.

q / antens

| ADC DDC
Fr?aiiﬂm 7 Baseband
: : Section
Front-end
A . A
DAC | DUC
- oe L R
RF Section T IF Section T Baseband Section

Figure 3.1 Functional Block Diagram Of Digital Transceiver [20].
3.1.1 DDC and DUC
Fundamental parts of many digital communication systems angitlCDown
Converter (DDC) and a Digital Up Conversion (DUC). DDC and Daf€ widely
used in communication systems for changing the sample rateeaignals. The
baseband signal is filtered and converted to a higher samplingpbefdee being

modulated by the carrier frequency. Digital down conversioneéstanique that takes

15



a band-limited high sample rate digitized signal, mixes tlgmasito a lower
frequency and reduces the sample rate.

Digital receivers often have fast AD converters to digitiee band-limited RF or
IF signal resulting in high data rates. To extract the eedrequency at this high
sample rate would require a large filter. DDC allows onemtwve the desired
frequency band down so that the sample rate can be reduced arideefidering
requirements [21].

As an example, consider a radio signal lying in the rang#29ef0 MHz with a
bandwidth of 1 MHz. According to the Nyquist theorem, a samplingafaterer 80
M samples/sec would be required to correctly sample thelsigaahown in Figure
3.2, the DDC allows the selection of the 39-40 MHz band and shifteitgiéncy
down to baseband. The sample rate can then be reduced to just over 2btismopl
The basic equation for DDC is:

Frequency (A) * Frequency (B) = Frequency (A-B) + Frequency (A+B)
In the above example, if the signal is multiplying by 39 MHz thus,

Input Sgnal * 39MHz = Sgnal at (0-1) MHz + Sgnal at (78-79) MHz.
So the signal is shifted to the 0-1 MHz range and it neetisast a 2 MHz sample
rate. The high frequency components (signai8&f9 MHz) of the signal need to be

filtered out.

16
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Figure 3.2. Demonstrating DDC on the Signal Lying in the Range of 39-40 MHz

3.1.2 Basic Transceiver Function

The RF section consists of an antenna and some analog hardwwarexiers and
local oscillators to convert the RF signal into the intermedratpuency signal. The RF
front end is designed in such a way to reduce interferenceasel The RF front end on
the receiver performs amplification and down conversion from RIF.t&n RF front end
on the transmitter performs up conversion and RF amplification [22].

The intermediate frequency stage includes an ADC followed byp@ bn the
receive path and a Digital Up Converter (DUC) followed by aitBligto Analog
Converter (DAC) on the transmit path [22]. This allows the recdivaeconstruct the
original data in the presence of transmission errors.

The baseband section performs operations such as error correction, equalizati
frequency hopping, modulation, demodulation, and timing recovery. Forwanod Er

Correction (FEC) is a method of obtaining error control in datastmission in which the

17



transmitter sends redundant data allowing the receiver to reqcnte original data in
the presence of transmission errors. In a wireless communicatistem analog
modulation techniques such as Amplitude Modulation (AM) and Frequency Miodulat
(FM) and digital communication techniques such as Binary PhaseKedyiftg (BPSK),
Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK}¢c.eare used. In this
thesis an implementation of AM modulation on an FPGA using By$enerator is
discussed in the next chapter [22].

3.2 System Generator Design Flow

By using FPGAs very high throughputs can be achieved in digitaalsig
processing (DSP) applications. DSP application developers tiypioaé Matlab to
develop algorithms while FPGA developers use Hardware Descrijiamguages
(HDLs), such as Verilog and VHDL. This makes it diffichtr DSP developers to
transition their applications to FPGAs.

System blocks are shared however, between DSP designers aml FPG
technology. With Xilinx, DSP designs can be implemented on FRGAsg MATLAB
and Simulink from Mathworks combined with Xilinx’'s System Germrdor DSP
applications. The first step of the design process is simulatitimeocSDR system with
Simulink. For the hardware-implementable representation of the radiilinx System
Generator block set in Simulink is used. Figure 3.3 shows the generaieovef the

design flow using Xilinx system generator [24].
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Design Entry: This is the first step in the&lesign flow which consists in
transforming the design ideas into some form of computerized representatoail lie
achieved using Hardware Description Language (HDLs). The twa pogsilar HDLs
are Verilog and Very High Speed Integrated Circuit HDL (VHDL) [23].

Synthesis: The HDL itself is must first be compiled, or synthesized, intyate
level netlist before it can be placed on the FPGA. This netiss the logic gate
primitives supplied by the vendor in order to satisfy the Ibghavior specified in the

HDL files. Thus, the synthesis step maps the HDL to the gate level reptesea].

MATLAB SIMULINK
+
KILING BLOCKSET

.mdl

¥
XILIMNX SYSTEM

GENERATOR Auto HOL
ECR DSF Generator

.hdl

¥
ISE

= SYNTHESIS
®*  PLACE AND ROUTE
®=  BIT STREAM GENERATION
FPGA
Bitstream

Figure. 3.3 Design Flow Using Xilinx System Generator [25]

Place and Route: The placer program takes the synthesized netlist and chooses

the place for each of the primitives inside the chip. The routgrgmo is then used to
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interconnect all the primitives together to satisfy the timoogstraints. This can be
accomplished by Xilinx’s ISE implementation programs. The most abwonstraint for
the design is the system’s clock frequency [23].

Bit stream Generation: Placing and routing is followed by the generation of the
FPGAs programming file, called a bitstream. The designteamlbe downloaded into the
target FPGA [23].

3.3 Simulation with System Generator and Simulink

In this thesis, SDR algorithms are designed and simulated uslmx ¥ystem
Generator system level tool. For timing and logic-accurateulastion of the final
hardware design, the Xilinx System Generator block sets wiimmlink are used. The
Xilinx block set enables bit true and cycle true modeling and insledenmon blocks
such as Finite Impulse Response (FIR) filter, Fast Fouriansform (FFT), Direct
Digital Synthesizer (DDS), multiplier and more. Below a f&eps are discussed for the

processes of simulation using Simulink and System Generator [27].
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Figure 3.4 Xilinx Gateway In, Gateway Out and System Generator Block

1. As shown in figure 3.4, Start the design by implementing Xilirockd in the
MATLAB Simulink program.

2. Select the Xilinx System Generator block and add it to the tofheofdesign
model.

3. “Gateway In “and “Gateway Out” blocks are use to define the shantl outputs
to the Xilinx design. These blocks automatically convert the doutdeigoon
floating point value used in MATLAB to the fixed point value used inRR&A.
All the components located between these gateway blocks must bethfeom
Xilinx block set only.

4. The design can be simulated and the output can be verified usual gigput

blocks.
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3.4 Bitstream Generation

The System Generator system level design can be convertedyadte devel

representation through the steps listed below.

r -
B System Generator: untitled |£|_|éj

— Compilation Options

Compilation :

Bitstream

Part :

Spartan3E xc3s500e-4fg320

Target directary

JInetlist

T

Synthesiz tool : Hardware description language

X5T hd Verilog -

Create testbench Import as configurable subsystem

— Clocking Options

FPGA clock period (ns) Clock pin location
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Multirate implementation : DCW input clock period (ns)
Clock Enables v: 10

|:| Provide clock enable clear pin

According to Block Settings

Simulink system period (sec) : 1

Block icon display: Default

[Gonerste] [ox] [awmw] [cancer] [Lvew.]

Figure 3.5 System Generator Dialog Box
e The System Generator block contains the hardware setting. sTiligstrated in
Figure 3.5. Xilinx XST is chosen for the Synthesis tool. HDL carchesen as
VHDL or Verilog. In this thesis Verilog is used.
e The next step is to run the System Generator by initiatinGhaerate” button.

It produces an FPGA configuration bit stream for the dethighis suitable for

hardware.



Once a bit stream is generated then it is downloaded on therSparttarter Kit

board using the Xilinx ISE programming tool called Impact. [27]
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CHAPTER 4
EXPERIMENTAL SET UP, SIMULATIONSAND RESULTS

4.1 Introduction

This chapter describes the experimental set up, simulations anlts res the
different modulation techniques. Modulation techniques considered include analog
techniques such as Amplitude Modulation (AM) and digital modulation tgabaisuch
as Amplitude Shift keying (ASK) and Binary Phase Shift KgyiBPSK). The system is
modeled and simulated using MATLAB Simulink and System Gener&lbar.system is
then implemented on a Spartan 3E FPGA for real time measurements.
4.2 Basic Modulation Concept

Modulation is the process of converting a message into a formatdhabe
successfully transmitted through a medium. A sinusoid has threeediffgarameters that
can be varied: amplitude, phase and frequency. Depending on the ch@sertpawe
have modulation techniques such as amplitude modulation, phase modulation and
frequency modulation. On the receiver side the modulated sine weweverted back to
the original information signal. In this chapter Amplitude ModulatidM), Amplitude
Shift Keying (ASK), Binary Phase Shift Keying (BPSK) are disedss
4.3 Amplitude M odulation (AM)

Amplitude modulation transmits information by modifying the amplitofiehe
carrier signal. Let the information signdl(t) be an arbitrary waveform, called
modulating signal which is given by,

M (t) = M cos (Wt + @) 4.3.1
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WhereM is the maximum valuéM, is the modulating signal frequency adds
the phase angle of the modulating signal. The carrier signal is als®\&a/e given by,
C(t) = Ccos (Wt + &) 4.3.2

HereC and @, are arbitrary constants representing the amplitude and phtdse
carrier signal, respectively. For simplicity we consider @neplitude to be unity and
phase to be zero. The standard carrier frequency in the U.S.his narige of the 550
KHz to 1720 KHz. Generally it is assumed tildh << Wc.

Amplitude Modulation is created by forming the product,
Y(t)=[A+M(@)] * C(t) 4.3.3

Where A is constant and chosen to be unity in this discussion. A choice of
A being zero eliminates the carrier components. That is the B&ibeband Suppressed
Carrier (DSBSC) transmission mode. Here we choose A = 1. Bocilled Double
Sideband Amplitude Modulation (DSB-AM) with carrier [14].

4.3.1 AM SDR Setup

Figure 4.1 presents the basic idea of an implementation of St @partan 3E
Starter Kit. Peripheral Modules (PMODs) are made by Dhgile order to easily
interface peripherals to their products using a simple standard connector.

The message signal is provided from a function generator to the BADKI
housed in the peripheral board attached to the FPGA (PMOD AD1jlis&sssed in
Chapter 3, the bitstream file which is generated by Systeneiator is downloaded on
the Spartan 3E FPGA. The modulated output waveform from the 12-bit DAGh@eal

board (PMODDAZ2) can be observed on an oscilloscope [29].
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Figure4.1 Radio Set Up

4.3.2 System Generator | mplementation

The simulation model for the AM modulator is shown in Figure 4.2.didggsam
is an implementation of equation 4.3.3. The message signal is giaaniaput to the
Gateway In block. This block converts that data from a double predisiaing point
number to the Xilinx fixed point representation. The black box providesyao include
HDL models into System Generator. The black box can be usedadipanate Verilog
files in the Simulink model. Here the first black box containgesilog model for the
ADC and is labeled ADC in Figure 4.2. The second black box contaiesilag model

for the DAC and is labeled as DAC in Figure 4.2. During the hawlvganeration

process, the associated HDL entity is automatically wired to the loithek in the design.

The output of the DAC (other black box in Figure 4.2) which conttiesVerilog

module for the DAC is a 12-bit unsigned value. The Direct Di@imthesizer (DDS)
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compiler block is used to generate the sine wave (carrigalgigor cosine wave,
depending on the application. This capability allows users to custdcheb@DS to fit
individual application needs.

Here the DDS Compiler is used to generate a 10 KHz sine.Wde output of
the DDS compiler is multiplied with constant (valuefoin equation 4.3.3) using xilinx
Mult block which is shown in the Figure 4.2. Mult blocks compute the product of the data
on its two input ports. ADDSUB block performs the addition of the datds two input
ports. The next blocks are the gain operator, constant and ADDSUBMahoch convert
the output of ADDSUB block to a positive 12-bit number which is a reonging of the

DAC block.
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‘ Black Box -DAC

fl_out

Modulated Signal

Figure 4.3 shows (a) the modulating signal, (b) the 10 KHz csigiaal and (C)

the generated modulated signal using Simulink, and Figure 4.4 mrdbenhardware

generated waveform. The radio design can be validated by dogpagure 4.3 (c) and

4.4 [27, 28].
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Figure 4.4 Modulated Waveform Viewed with Oscilloscope

4.4 Amplitude Shift Keying

Figure 4.5 shows the basic block diagram for ASK modulation. In ASK
amplitude of the carrier is changed in response to the digital dlegam (information
signal). The ASK signal can be defined as,
S(t) = Ay m(t)cos(2xf.t) For Binary 1 4.4.1
S(t) = Ao m(t)cos(2xf. t) For Binary O 4.4.2

HereA; and A; are two different constants representing the amplitudes of the two
carriers andn(t) is an binary input bit stream. The level of the amplitude can lzbtase
represent binary logic Os and binary logicflss the carrier frequency which is constant.
In ASK modulation a logic one is transmitted using one particuiaplitude and logic
zero is transmitted by different carrier amplitude withouthgag the frequency. Figure
4.6 (a) shows clearly that a logic one is transmitted usingreercaf amplitude 2 and a
logic zero is transmitted by carrier of amplitude unity. Fegdi6 (a) shows the generated
waveform for ASK. OOK is a special form of ASK modulation wéher logic zero is

transmitted by carrier of amplitude zero [14].
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Figure 4.5 Basic Block Diagram of ASK
Figure 4.6 (b) shows the waveform for OOK modulation in Simulinguite 4.7
shows the Hardware generated waveform for ASK Modulation. Tdie design can be

validated by comparing Figure 4.6 (b) and 4.7.
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Figure 4.7 ASK Modulated waveform viewed with Oscilloscope.
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4.5 Binary Phase Shift Keying (BPSK)

Figure 4.8 shows the basic block diagram of the BPSK modulatordigital
information signal (coded into digital signal) enters a mulkiptehat converts the phase
of the carrier signal according to the input bit stream (mé&dron signal). Depending on
the logic condition of the input the carrier transferred to the ouspeither in phase or at
90° out of phase. Figure 4.8 shows clearly that a logic one is traadrbijta cosine wave
and a logic zero is transmitted by a sine wave. Figure 4.8h(ys the waveform for a
BPSK modulator [26]. Figure 4.9 (b) shows the Hardware generatezgfamavfor BPSK

Modulation. The radio design can be validated by comparing Figure 4.9 (a) and 4.9 (b).

> X

System BPSK4
Genarato
hoarmnr
Bemoulli
Binary L
Bernoulli Binary 1 . ’
Generator - _ Constant Add
Gateway In2
-p:J“
sin J{dD
pd1
fuze
Gateway Out BPSK
cosing [:]
BPSKZ
DDS Compiler 4.0 BPSKA1

BPSK2

Figure 4.8 Basic Block Diagram of BPSK M odulator
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CHAPTER 5
CONCLUSION AND FUTURE WORK

5.1 Conclusion

This thesis presents a low cost SDR platform that leveragesng educational
hardware and software. The Spartan 3E Starter Kit Board wasrcfmsimplementing
the SDR because it is cheap and easily available. Another advaataheosing the
Spartan 3E board is that it requires the least amount of expeEmpherals to implement
the radios. In this thesis just an ADC and DAC are needed as external pé&siphera

This thesis used the System Generator for DSP tool developeXiliby for
implementing a digital signal processing application on thenxXikPGA platform. The
Xilinx System Generator for DSP is compatible with MATLABmulink. Another
advantage to choosing System Generator is that FPGA desigpregihmming are
easily performed with its model-based approach.

The first approach in the design process was to add System Genergioneats
in order to simulate and implement AM modulation on the Spartan 3feiSBoard.
Results were obtained using a function generator as an input arghah oscilloscope to
view the modulated waveform. These results were compared to B8onslen System
Generator with minimal error. Based on the comparison of the resutsimulations,
valid implementation was confirmed. ASK, BPSK and OOK modulationnsekenere
also simulated using System Generator but not implemented on thanSpg Starter

Board.
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5.2 Suggestion for FutureWork

The SDR that has been introduced in this thesis is not fully coenpbeily the
baseband stage of the wireless communication system has beememjgl@. The other
two stages (RF and IF) have not been implemented. Thereforeathizeca focus point
for future work.

This thesis could be extended by adding functionality such asehaoding, error
correction techniques, etc. In this thesis the transmittemislaied and implemented but
not the receiver part. A typical SDR receiver involves compdekniques to recover the
frequency and phase of the transmitter's carrier wave. Theeingpitation of these

techniques within System Generator is left for future work.
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