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Abstrak 

Generasi ketiga sistem tanpa wayar merangkumi perancangan dan strategi yang dapat 
meningkatkan kemajuan yang diingini serta rangkaian data. Dalam masa yang sarna, ia 
menjana keanjalan dan mampu dimiliki. Radio perisian menjanjikan keanjalan yang 
diperlukan di peringkat pemprosesan isyarat frekuensi radio, frekeunsi perantaraan dan 
isyarat jalur dasar. Kemajuan teknologi ini juga membolehkan peranti tunggal ini 
memancarkan beberapa perkhidmatan bersel dan perkhidmatan pernyiaran di seluruh 
dunia. Projek U1J bermatlamat mengkaji penapisan frekuensi radio di mana 
mernfokuskan pengkajian dalam perbezaan jenis penapisan dan simulasi untuk sesebuah 
radio perisian. 



Abstract 

Third-generation wireless system call for strategies that can improve achievable 
performance and data rates while providing flexibility and affordability. Software Radio 
(SR) technology is promising to provide the required flexibility in Radio Frequency 
(RF), Intermediate Frequency (IF), and baseband signal processing stages. This 
technology could allow a single device to transmit in the various cellular and broadcast 
services all out the world. This project investigates the front end RF filtering, which 
focuses on the different types oftiltering and simulation for SR. 

J) 



Table of Contents 


Content 	 Page 

Abstrak 


Abstract II 


Table of Contents 

List of Figures Vll 


III 


List ofTable IX 


List of Abbreviations 	 x 


CHAPTER 1 INTRODUCTION 

1.1 Software Rad io (SR) Definitions 	 1 


1.2 Project Background 	 2 


1.3 Project Objectives 	 2 


CHAPTER 2 LITERATURE REVIEW 

2.1 Software Radio Overview 	 3 


2.1. 1 	 The Real- Time Channel Processing 


Stream 5 


2.1.2 	 The Environment Management Stream 6 


62.1.3 On-Line and Off-Line Software Tools 

72.2 Software Radio Basic Configurations 

92.3 ' Ideal' SR Transceiver 

10 2.4 Key Difficult ofSR 

1lI 



2.4.1 	 Frequency Bands 10 


2.4.2 	 Channel Bandwidth 11 


2.4.3 	 Duplex Spacing 12 


2.5 Filtering/Requirement of SR 	 12 


2.5.1 	 Image Rejection 12 


2.5.2 	 Out-of -Band and In-of-Band Rejection 


Blocker 13 


2.5.3 	 Isolation ofTx and Rx Path 15 


2.6 Possible Technique Selection Technique 	 15 


2.6.1 	 Wide band Filter 16 


2.6.2 	 Tunable Filter 17 


2.6.3 	 Parallel Bank of Switch able Filter 18 


CHAPTER 3 PROJECT DESIGN 

3.1. MAT LAB programming 	 19 


3.1.1 	 What is SIMULINK ? 20 


3. 1.2 	 Communication Blockset 20 


3.1.3 	 DSP B10ckset 21 


3.2 Designing Filter for SR 	 21 


3.2.1 	 Random Integer Generator 24 


3.2.2 	 Rectangular QAM Modulato r Baseband 26 


3.2.3 	 Digital Filter 29 


3.2.4 	 Upsample 32 


3.2.5 	 Tx and Rx Root Raised Cosine Filter 34 


IV 



3.2.6 Gain 37 


3.2.7 IF Upconversion 38 


3.2.8 A WGN Channel 39 


3.2.9 Zero-Order Hold (AID Converter) 42 


3.2. 10 Spectrum Scope 44 


3.2. 11 IF Downconversion 46 


3.2.12 Downsamp1e 47 


3.2.13 Discrete Time Eye and Scatter Diagrams 48 


3.2. 14 Complex to Real- Imag 51 


3.2.15 Constellation 52 


CHAPTER 4 RESULTS AND DISCUSSIONS 

4.1 Results of The Simulation 54 


4.1.1 Discrete-Time Eye Diagram Scope 54 


4.1.2 Constellations 56 


4.2 Discussions 56 


CHAPTER 5 CONCLUSIONS AND RECOMMENDA nONS 

5.1 Conclusions 57 


5.2 Recommendations 58 


REFERENCES 59 


v 



APPENDICES 


A TxlRx Root Raised Cosine Filter - Transform Filter 62 


B TxlRx Root Raised Cosine Filter - Realize Model 63 


C TxlRx Root Raised Cosine Filter - Import Filter 64 


vi 



List of Figures 

Figure 	 Page 

2. 1 SR functional architecture in a mobile cellular base 
station application 4 

2.2 	 The concept of SR architecture 8 
2.3 	 A traditional super-heterodyne receiver 9 
2.4 	 An ideal SR Receiver 10 
2.5 	 Problem of image signal in super-heterodyne receiver 13 
2.6 	 Unwanted blocking signals received from the antenna 

together with a weak wanted signal 14 
2.7 	 The wide band RF filter 16 
2.8 	 The tunable RF filter 17 
2.9 	 The parallel bank of Switchable Filter 18 
3.1 	 Simulink Model for Transmitter and Receiver of SR 23 
3.2 	 Random Integer Generato r 24 
3.3 	 Block Parameters for Random Integer Generator 24 
3.4 Rectangular QAM Modulator Baseband 26 
35 Block Parameters for Rectangular QAM Modulator 

Baseband 27 
3.6 Digital Filter 29 
3.7 Block Parameter for Digital Filter 30 
3.8 Upsamples 32 
3.9 Block Parameters for Upsamples 33 
3.10 Tx and Rx Root Raised Cosine Filter 34 
3.11 Block Parameter for Tx Root Raised Cosine Filter 35 
3.12 Gain 37 
3. 13 Block Parameter for Gain 37 
3.14 IF U pconversio n 39 
3.15 A WGN Channel 39 
3.16 Block Parameter for A WGN Channel 42 
3.17 Zero-Order Hold (AID Converter) 42 
3.18 Block Parameter for AID 43 
3.I9(a) B-FFT 44 
3. 19(b) FFT 	 44 
3.20 Block Parameter for B-FFT 	 45 
3.21 IF Downconversion 	 46 
3.22 Downsamples 	 47 
3.23 Block Parameter for Downsamples 	 48 
3.24 Discrete-Time Eye Diagram Scope 	 48 
3.25 	 Block Parameter for Discrete-Time Eye 

Diagram Scope 49 
326 Complex to Real-imag 5 1 
3.27 Block Parameter for Complex to Real-imag 	 5 1 
3.28 Constellation 	 52 
3.29 Block Parameter for Constellation 	 53 

VII 



55 4.1 The expected output 

VllJ 



11 

List of Table 

Table Page 

4.1 Comparison of different cellular phone standards 

IX 



List of Abbreviations 

ADC 
AWGN 
BB 
BER 
B-FFT 
COBRA 
DAC 
DCS 
DSP 
FDD 
FEC 
FFT 
FIR 
GSM 
GUI 
IF 
IIR 
10 
lSI 
ITU-T 
LNA 
LO 
LPF 
MFLOPS 
MIMD 
MIPS 
NCO 
PA 
PCS 
QAM 
RF 
SNR 
SR 
TDD 
TDMA 
UMTS 
VCO 
VHDL 
W-CDMA 

Analog- Digital Conversion 
Add White Gaussion Noise 
Baseband 
Bit Error Rates 
Buffer-Fast Fourier Transform 
Common Object Resource Broker 
Digital-Analog Conversion 
Digital Cellular System 
Digital Signal Processing 
Frequency Duplex Mode 
Forward Error Control 
Fast Fourier Transform 
Finite Impulse Response 
Global System for Mobile 
Graphic User Interface 
Intermediate Frequency 
Infinite Impulse Response 
Input/Output 
Intersymbollnterface 
International Telecommunications Union-Telecommunications 
Low Noise Amplifier 
Local Oscillator 
Low Pass Filter 
Millions of floating-point operations per second 
Multiple instruction multiple data stream 
Millions of instructions per second 
Numerical Controlled Oscillator 
Power Amplifier 
Personal Communications System 
Quadrature Amplitude Modulator 
Radio Frequency 
Signal to Noise Ratio 
Software Radio 
Time Division Duplex 
Time Division Multiple Access 
Universal Mobile Telecommunications System 
Voltage Control Oscillator 
VHSIC Hardware Description Language 
Wideband-Code Division Multiple Access 

x 



1.1 

CHAPTERl 

INTRODUCTION 


Software Radio (SR) Definitions 

Software Radio (SR) technology IS increasingly used in wide range of 

communicatiorlS. A software radio is a radio whose channel modulation waveforms are 

defmed in software. That is, the waveforms are converted from digital to analog via a 

wide band Digital-to-Analog Conversion (DAC) for transmission and then possibly 

upconverted from Intermediate Frequency (IF) to Radio Frequency (RF). The receiver, 

similarly, employs a wide band Analog to Digital Converter (AD C) that captures all of 

the channels of the software radio node [1]. The receiver then extracts, downconverted 

and demodulates the channel waveform. 

The design of Software Radio terminals presents challenges due to the existing 

of various mobile communication standards which are situated within a radio frequency 

range from 800 (GSM) up to 2200 MHz (UMTSfW-CDMA) with channel bandwidth 

from 200 KHz up to 5 MHz. Strong requirements such as dynamic range is needed 

while making the terminal more wide band. 



1.2 Project Background 

SR technology is promising to provide the required flexibility in radio 

frequency, intermediate frequency, and baseband signal processing stages. In a standard 

receiver design, the frequency selection and rejection of unwanted signal is perform by 

the a pre-selection filter, which in conjunction with a circulator or duplexer (FDD 

standards) . 

There are number of problems that the filtering/interface cancellation 

techniques are occurred in a SR design. There are the varying channel bandwidth, the 

duplex spacing between transmit and receive frequencies varies over the different 

standard and the large of frequency involved. 

This project will be investigate some possible solutions for frequency selection 

and rejection of unwanted signal in the front-end receiver design. 

1.3 Project Objectives 

The objectives ofthis project are to : 

• 	 Investigate the filtering or rejection requirements of a SR 

• 	 Look at possible switching, tuning, or cancellation techniques that 

could be employed in SR 

• 	 To implement the usage of MATLAB Programming for simulation of 

the designed SR 
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CHAPTER 2 


LITERA TURE REVIEW 


2.1 Software Radio Overview 

The SR architecture is widely applicable to trunk radios, peer networks, alI 

and sea traffic management. mobile military communications and satellite mobile 

systems. For simplicity. this overview describes the SR architecture in a mobile cellular 

or Personal Communications System (PCS) setting [2]. 

In an advanced application, a software radio does not just transmit: it 

characterizes the available transmission channels, probes the propagation path, construct 

an appropriate channel modulation, electronically, steers, its transmit, beam in the right 

direction, select the appropriate power level, then transmits. Again. in an advanced 

application, a SR does not just receive : it characterizes the energy distribution in the 

channel, and in adjacent channels, recognizes the mode of the incoming transmission, 

adaptively nulls interferers, estimates the dynamic properties of desired-signal 

multipath, coherently combines desired signal mutipath, adaptively equalizes this 

ensemble, trellis decodes the channel modulation and then corrects residual errors via 

Forward Error Control (FEC) decoding to receive the signal with the lowest possible Bit 

Error Rates (BER). 

3 
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Figure 2.1 SR functional architecture in a mobile cellular base station application[2] 
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2.1.1 The Real-Time Channel Processing Stream 

The canonical SR architecture includes the channel processmg stream, the 

environment management stream and associated software tools illustrated in Figure 2.1 . 

The real-time channel processing stream incorporated channel coding and radio access 

protocols. Channel processing is characterized by discrete time point-operations such as 

the translation of a baseband signal to an intermediate frequency by multiplying a 

discrete time-domain baseband waveform by a discrete reference carrier to yield a 

sample IF signal. 

The time between samples in on the order of tens of microseconds to hlmdreds 

of nanoseconds. Such point-operations require hundreds of millions of instructions per 

seco nd (MIPS) and lor millions of floating-point operations per second (MFLOPS) to 

Giga-FLOPS with strictly isochronous performance. This is sampled data values must 

be computationally produced and consumed within timing windows on the order of time 

between samples in order to maintain the integrity of the signals represented there in. 

InputlOutput (IO) data rates of this stream approach a gigabit per second per AID 

converter. 

Although these data rates are decimated through processing, it is challenging 

to sustain isochronisrns through [/0 interfaces and hard real-time embedded software in 

this stream. Multiprocessing is therefore be organized as a pipeline with sequential 

functions of the stream assigned to serially interconnected processors i.e., a multiple 

instruction multiple data-stream (MIMD) multiprocessing architecture. 
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2.1.2 The Environment Management Stream 

The near-real-time environment management stream continuously 

characterizes radio environment usage m frequency, time and space. This 

characterization includes channel identifications and the estimation of other parameters 

such as channel interference levels which is depending on the specific signaling and 

multiple access scheme. The environment management stream employs block 

operations such as fast Fourier transforms (FITs), wavelet transforms and matrix 

mUltiplies for beam forming. 

Channel identification results are needed in times on the order of hundreds of 

microseconds to hundreds of milliseconds, while power levels may be updated in 

milliseconds and subscriber locations maybe updated less frequently. A MIMD parallel 

processor readily accommodates the block structure of such operations. The interface 

between this highly parallel environment management stream and the pipelined channel 

processing streams must synchronize the environment management parameters to the 

channel processing streams. 

2.1.3 On-Line and Off-Line Software Tools 

On-line and off-line systems analysis, signal processmg and rehosting tools 

illustrated in Figure 2.1 allow one to define incremental service enhancements. For 

example, an enhanced beamformer, equalizer and trellis decoder may be needed to 

increase subscriber density. These enhancements may be pro to typed and linked into the 

channel processing stream, allowing one to debug the algorithm, to experiment with 

parameter settings and to determine the service value and resources impact. 
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Software-based enhancements may be organized around managed objects, 

collections of data and associated executable procedures that work with object resource 

brokers and conform to related open architecture software interface standards such as 

the Common Object Resource Broker (COBRA). Enhancement may then be deliverd 

over the air to other software radio modes, as contemplated in the future software

defined telecommunications architectures being considered by ITU-T. 

A well-integrated set of analysis and rehosting tools leads to the creation of 

incremental software enhancements relatively quickly, with service upgrades provided 

over the air as software defined network proliferate. Technology limitations that require 

hardware-based delivery are overcome by mapping critical elements of the service 

enhancement to hardware via VHDL. 

2.2 Software Radio Basic Configurations 

The SR consists of major basic components as illustrated in Figure 2.2. There 

are the antenna units, Analog-to-Digital Conversion (ADC) and Digital-to-Analog 

Conversion (DAC) Unit, Power Amplifier (PA), Circulator and Digital Signal 

Processing (DSP) Baseband. 
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Figure 2.2 : The concept of SR architecture 

The description of each component is as follows [3]: 

• The modulation scheme, protocols, equalization etc. for transmit and 

receIve are aU detennined ill software within the Digital Signal 

Processing (DSP) 

• The ' ideal' circulator, In conjunction with ideal (perfect) matching 

between it and the antenna and power amplifier impedances results in the 

elimination of the requirement for a diplexer in the radio. Since the 

diplexer is very much a fixed-frequency component within a radio, its 

eliminations is a key elements in a multiband or even multistandard 

radio. 

• The Power Amplifier (P A) ensures an ideal transfer of RF modulation 

from DAC to a high power signal suitable for transmission, with low 

adjacent channel emissions. 
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