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ABSTRACT

MINIMUM ERROR DESIGN OF SOFTWARE DEFINED RADIO
TRANSCEIVER MODEL USING MATLAB

Al-Dulaimi, Mohammed Waleed

M.S., Electrical and Computer Engineering, Altinbas University,

Supervisor: Prof. Dr. Osman Nuri UCAN
Co-Supervisor: Asst. Prof. Dr. Majid S. Naghmash
Date: April /2019

Pages:53

This thesis presents the design and simulation of minimum error software defined radio (SDR)
transceiver model using MATLAB is presents. The SDR has come out as priority topic of
research since it wills replace for traditional implementation on wireless mobile systems. The
SDR techniques have to be used which is particularly in gathering the fast growth of
communication systems and user demands as well as the industry of mobile functionality. The
under sampling theory is used to receive the carrier sampled and performs different standards
using 64-QAM modulation scheme. Different channel performance was evaluated and
investigates to show the effect of noise and provide low error rate. In modern communication
systems, the adoption with more complicated coding and modulation scheme become more
important without need to change any component of mobile device. Therefore, the current
generation of mobile systems was developed to be more effective and popular in the market with
new generation. The implementation results of proposed model shows promising performance to
support the current mobile generation and could accelerate to new technology with fast rate and

small size device as well as low power consumption. In addition, low bit error rate have been

provided in this model.

Keywords: SDR, 64-QAM, Low BER, MATLAB
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OZET

MATLAB KULLANAN MINIMUM HATA YAZILIMI TANIMLI RADYO
(SDR) ALICI-VERICI MODELININ TASARIMI VE SIMULASYONU

Al-Dulaimi, Mohammed Waleed

M.S., Elektrik ve Bilgisayar Miihendisligi, Altinbas Universitesi,
Tez Danigman: Prof. Dr. Osman Nuri UCAN

Danigman: Asst. Prof. Dr. Majid S. Naghmash

Tarih: Nisan/2019

Sayfalar: 53

Bu yazida MATLAB kullanan minimum hata yazilimi tanimli radyo (SDR) alici-verici
modelinin tasarimi ve simiilasyonu sunulmaktadir. SDR, kablosuz mobil sistemlerdeki
geleneksel uygulamalarin yerini alacagi i¢in oncelikli arastirma konusu olarak ortaya ¢ikmustir.
Ozellikle iletisim sistemlerinin ve kullanici taleplerinin yani sira mobil islevsellik endiistrisindeki
hizli biiylimeyi toplamak i¢in kullanilan SDR teknikleri kullanilmalidir. Asagidaki 6rnekleme
teorisi, orneklenen tasiyiciyr almak i¢in kullanilir ve 64-QAM modiilasyon semas1 kullanilarak
farkli standartlar gerceklestirir. Giiriiltiinlin etkisini géstermek ve diisiik hata orani saglamak i¢in
farkli kanal performansi degerlendirilmis ve arastirilmistir. Modern iletisim sistemlerinde, daha
karmagik kodlama ve modiilasyon semasi ile benimseme, mobil cihazin herhangi bir bilesenini
degistirmeye gerek kalmadan daha 6nemli hale geldi. Bu nedenle, mevcut nesil mobil sistemler
kusag1, yeni nesil ile piyasada daha etkili ve popiiler olacak sekilde gelistirilmistir. Onerilen
modelin uygulama sonuglari, mevcut mobil tretimi desteklemek igin iimit vaat eden bir
performans gostermektedir ve diisiik gii¢ tiiketimi ile birlikte hizli ve kiigiik boyutlu cihazlarla

yeni teknolojiyi hizlandirabilir. Ek olarak, bu modelde diisiik bit hata oran1 saglanmustir.

Anahtar Kelimeler: SDR, 64-QAM, Diisiik BER, MATLAB
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1. INTRODUCTION

1.1 GENERAL OVERVIEW

The software defined radio techniques is a process of implement the baseband and intermediate
frequency band sections by mean of software [1]. The current technology of communication
systems is developed to provide the ability of implement a complex communication system and
comprising many waveforms with different frequencies [2]. The basic concept of SDR
technology is to achieve s software as close to antenna to solve the hardware problems under
software idea [3]. The SDR techniques have implement the baseband and intermediate frequency
transmitter and receiver sections of mobile communications [4]. The SDR concept permits for
digital communication to adopt more modulation and coding schemes to meet the user demand in
mobile communications [5]. Early 1991, Mitola has define the SDR for a plan to build a GSM
base station to combine the digital receivers and controlled the jammers in communication
systems for software radio (SR) transceivers [6]. This idea has developed for first time in US
army under speaks easy paper to use programmable processing and emulate ten radios frequency
band within 2 to 2000MHz [7]. The advantage of SDR is to offer more flexibility in wireless
mobile communication systems for extensive range of claims and cellular GSM systems [8]. In
bounded applications of mobile communication, the FPGA is used because the reconfigurable of
its components has efficient reliability [9]. In addition, the FPGA present an opening utilizing
hardware and software simulation to expand high performance for unusual application under
excluding processor in software functions [10, 11]. Many other researchers have been proposed
their work in SDR transceiver such as [12, 13]. Figure 1 shows the functional block diagrams of

SDR parts for transmitter and receiver in mobile communication systems.
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Figure 1.1: Software Defined Radio system

1.2 PROBLEM STATEMENT

Many of the research presented on the design of SDR transceiver applications to improve the
efficiency of this model. However there are still some limitations in these designs. The error in
the model response is still high. This error is undesirable and will distort the incoming signals
with unjustified power consumption.

At present, we need a small device, low power, high quality, and height compatibility together
with considerable standards. into this, the design of SDR transceiver have to be optimized in

terms error between transmit and received waveforms.



1.3 OBJECTIVE AND SCOPE OF THE RESEARCH

When drawing software-defined radio (SDR), and the following aims were defined:
The objectives for the research work were to apply and evaluate software-defined radio

applications (SDRs) to a multi-homogeneous reference processor architecture.

1. objective behind this is to define a strong and flexible structure that is sufficiently capable
of handling the physical layer for signal processing requirements of wireless
communication systems.

2. for an extension to computational power and flexibility, another design criteria (such as
energy and energy efficiency) have also been observed. Power and power consumption is
critical when handling applications that target battery-powered devices. In fact, energy
and energy enjoy absolutely stable budgets and both layers of software and hardware
must be optimized as much as possible and effective collaboration with every other.

1.4 THESIS OUTLINE

Chapter 1: This chapter contains introduction, motivation, problem statement, objectives and
thesis outline

Chapter 2: This chapter includes the literature review and related work

Chapter 3: This chapter includes practical design of proposed model

Chapter 4: The discussion of results is presents in this chapter

Chapter 5: In this chapter, the conclusion and future work is present



2. LITERATURE REVIEW

2.1 INTRODUCTION

Simply as SDR that is defined as "the radio in whose all or some of the physical layer functions
are a specific program™ by means of an SDR forum [14]. In real time that means this is the
structure is so flexible that SDR can be configured to adapt to waveforms and various wireless
standards, operating methods, bandwidths, and frequency bands [15]. Also, the maximum that
important process in SDR technology for Software Defined Radio is the data rate transformation
section. That is the sampling speed for the measure of the signal contained in the SDR receiver
[16]. The first idea of by Mitola, (1995) the technology of the Software, Defined Radio was
inserted. It has also been detected as a radio that can handle or process the multi-phase signal of
the subsystem as described [17]. Mitola is used in the field of multiple signal processing and he
has been working as such in this subject very well since 1991. investigation of the Steinbrech's
was deeper and clearer in an idea and then came out to strengthen the system [18]. An idea on
SDRs was shared at the first conference that took place in Europe at the time in May 1997. Of
the algorithms can also be Modern techniques designed from many under the radio technology
definition program using MATLAB software [19].

2.2 FRAMEWORK

The SDR core idea is to replace most the analog signal processing in transceivers with the digital

signal processing to provide flexibility through reprogramming or re-configuration.
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Figure 2.1: Practical Structural of SDR System for Wireless Communication

2.3 RELATED WORK

Modeling of Reusable Sampling Receptors and Basic Base for Software-Defined Broadcasting
[20].

For the first time, a historical review of classical sources has been made and differences between
all samples have been compared. The second time, I have been deeply reviewing the study of the
processing tools used that have been used for discrete-time signals to be clearly working of all
tools. Next, two receivers were compared, from [21] and [22].

To a second, a form was created in Simulink. The front part includes a receiver and the model
has a receiver and transmitter. In the model that was tested, showing its behavior graphically
became easy after using the basic BPSK modification. Since the case use modulation is

independent, it is also possible to test and use other configurations. For this, the file can be used



in the future as a base for the construction of different receivers for other purposes as well as for
testing [23].

Since SDRs are becoming more common, many companies and institutions have developed
front end computers and software to help develop radios.

Of the front-end devices still to date were USRP device boards. Also, for the development of
SDR, there are also several programming packages available for development, as well as GNU
Radio, Open Source OSSIE, Simulink and Open Source Lab (SDR) presentations . The
researchers also developed the many criteria for radios, after using the most relevant
developmental tools [24].

The primary domain processing application had been implemented. The program based was on,
Radio GNU based, a free source toolkit together with a rich collection from signal processing
countenance. The design uses the CCSDS frame layout with the front-end error emendation and
the BPSK switch. A downlink implementation was characterized by the Costas Loop loop, which
represents any frequency range in the midst of the transmitter and receiver. The upward link
application was furthermore implemented for the comprehensive test [25].

Communications Architecture (SCA) Implementation transceiver specific radio-specific software
(SDR) is designed using open source software: as a basic software program embedded (OSSIE).
SDR design requires both the IEEE 802.11a standard (WLAN 5GHz) and the C ++ and CORBA
software tools available to implement physical transmission and reception layers. A gradual
development model has been chosen, for this job, which consists and consists of three stages:
Develop, Design and Verify. This model and feature was of an ever-increasing nature, from
earlier versions of the system that allow the developer to learn. A total of 23 components using
OSSIE require the implementation of the IEEE 802.11a physical layer and 31 serial I / O
transponders, 12 different functions, the receiver with 18 components, 20 serials, and 12
different functions. Verification and validation of the transmitter and receiver layers are also
completed successfully according to IEEE test cases [26].

The has been achieved the elasticity of the radio system out of the connotation of software-
defined radios (SDRs). The as a fertile road into effectively carry out SDR stage the action
focuses within used multi-processor (MP) architectures.

In actuality, a stage instituted during MP architectures were ambidextrous into delivering raise

showing together with a high point from the flexibility. In addition, the homogeneous MP stage



can reduce layout and in verification of the costs Moreover supply raise scalability to the
expression from software or hardware. In addition, the framework provides homogeneous MP
minimal calculate qualifications of than non-homogeneous solutions. High, flexible, high-
performance, energy-efficient and energy-efficient telecommunications algorithms have been
implemented.

A suggested reference stage, Fine silica, was a homogeneous MP framework Component from a
3x3 network from conversion nodes (PNs), push through a network hierarchy (NoC) [27].

This work was motivated by the development of a test for software-specific radio programs
(SDR) for Dynamic Spectrum Access (DSA). Pursuit used the today that works start by means of
providing that basic fact on software-defined radio technology, contrasting and comparing
between structures and common test tests. In addition, the planning of the low-cost, flexible SDR
test had been developed [28].

14-bit dual-channel generator/radio system defined by software on a digital converter. Multi-
stage adaptations and stages are designed to operate two analog circuit adapters to 800 MHz per
second (MSPs) and two digital to analog switches in 1600 MSP from a 25-MSPS software
interface and implemented. Throughout the system, quadratic processing was used, and a
collection of low-grade and high-quality mixers was implemented to allow for frequency
translation across the first Nyquist range of transformers. Many reconstruction candidate designs
have been investigated for the transmitter side, and have been implemented cheaply by using the
programmable [29].

To contribute progressively to the enhance of SDRs of a nanoscale communication system
employ open source systems and programs. The Oliveri (2011) platform developed agile SDR
devices that can be placed on the CubeSat 1U. The device for the SDR system, developed as the
Space Space Microsystem Innovations and Applications (COSMIAC) CubeSat FPGA [30], was
developed.

The On the DSP-based algorithms, the main focus was, an approach is also known as "Dirty RF"
signal processing techniques to reduce nonlinear interference. The Digital Alleviation Algorithm
designed using radio frequency measurements, real-time operation and large-scale simulations
were verified. an advanced baseband behavioral model was Has been developed to correspond
to the structures of the receiver of direct conversion as soon as possible, thus taking into account

all distortions generated in the radio frequency and baseband [31].



This technology used to develop by software defined radio (SDR) to enhance traditional
radiometer with that of radiometer that had on par performance. In addition to showing an SDR-
based radiation scale that can achieve similar performance, A conventional radiometer, in terms
of stability and sensitivity, The intrinsic capacity of SDR technology has been shown to permit
the application of functions beyond what is normally provided by a conventional radiation scale.
In addition, SDR technology, by reducing costs and increasing investment capacity, may
become an attractive means of extending access to radiometric measurement to the public
research community[32].

The applications of SDR had been implemented to remove configuration, configuration and
other processing to signal a digital source signal using software modules running on a personal
computer or another capable device. With the processing of software signals, we have
implemented highly configurable and flexible DSP systems[33].

A range of proposals is presented to verify the design and implementation of wireless protocol
programming. This provides a design solution that is well suited to the SDR requirements.
Through this model design is provided to be a good solution that meets the requirements of the
SDR, take this approach focuses on the characteristics and optimization - evaluation and
applications from all aspects of the implementation of the design based on the characteristics of
wireless communication protocols[34].

The use of the packet collision resolution method is then a way to improve packet decoding.
After that the resolution has been reached by the concept collision mechanism by facilitating the
way to cancel the package signal developed in this work. He also made improvements at the time
of the future to be responsible for allowing the developed future to be cognitive [35].

This includes a sophisticated low-cost microwave interface that can be remodeled and portable
for biomedical imaging. As well as to reduce cost, and the radio allocated to the program (SDR)
is a brilliant concept that allows the formation of a microwave biomedical interface through
flexible working parameters [36].

Also, multi-use RF applications and software consisting of many GNU radio instruments can be
used for signal processing and implementation [37].

The work involves creating a model developer for software-defined radio broadcasting.
SIMULINK has been used and the IEEE 802.11 and Bluetooth standards have been

implemented. The purpose was to create and configure protocols that are not compatible with



WLAN and Bluetooth standards and show their functionality. It also includes the implementation
of the IEEE 802.11a standard used in the wireless network and is also used in basic protocols for
Bluetooth. Text for IEEE 802.11a standard of different transmitter conditions [38].

By means of the differences in the rectangular QAM code, a new method was introduced to add
safety in various digital communication systems. This was also verified by constellations with
variable mappings. Each code was assigned a different phase level and to a level within each, A
jump in the scheme of constellations and not to affect the rules used for gray encryption and is to
remain on the teams and one adjacent code.

This is achieved by changing the constellation assignments where each code is assigned to a
different level and level in a constellation chart at each variation (jump) without breaking the
gray coding rules, ie, only one difference is maintained between adjacent symbols [39].

Was implemented for learning to practice radio communication based on an SDR-based
workstation that was able to receive and infer radio transmissions and presents. Results obtained
and learning abilities were also identified by working together with new devices of this type [40].
New model of SDR transceiver has been suggested by [41] to verify the basic

functionality and validate their usefulness under specific conditions. The major aspect of SDR
including advantage, disadvantage and architecture of this technique has been proposed by [42].
The implementation of SDR ground receiver station which converts the analog signal to digital
baseband signal representation has been projected by [43]. They sent the received baseband
signal to the host computer to provide demodulation process and decoding the incoming signals
in order to extract the transmitted data. The design of SDR transceiver using open source SCA
embedded kit has been introduced by [44]. The implementation and design of a high-
performance, flexible, an energy-efficient for the algorithm for the wireless communications
systems has been introduced by [45]. The design and implementation of SDR system with two
channel and 4-bits digital generator has published by [46]. The implementation and evaluation of
2x2 MIMO channel sounder of SDR using FPGA board to support different sounding sequence
has been proposed by[47]



3. SIMULATION OF PROPOSED MODEL

3.1 INTRODUCTION

This chapter contain, design of software-defined radio SDR transceiver using MATLAB
Simulink block set and running the model under AWGN channel effect.

3.2 PROPOSED SDR SIMULINK MODEL

To facilitate and examine the performance of proposed SDR model, the IF and baseband sections
of mobile transceiver has been designed and simulated using communication block set in
MATLAB as showing in Figure 3.1. In the transmitter part, the modulation, pulse shaping and up
sampling filters is designed according to GSM system requirements illustrated in Table 3.1. The
receiver section of GSM system under SDR techniques which is consists of down sampling and

demodulation scheme has been comprised to provide signal recovery of incoming waveforms.
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Figure 3.1: Proposed SDR Model
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Table 3.1: Model Specifications

Modulation Scheme 64-QAM
The Rate of Symbol 2.5 MSPs
The Factor of Interpolator and Decimation 16
Noise Effect AWGN
Sample Rate of Receiver Filter 60 MHz

3.3 DESIGN OF TRANSMITTER SECTION

The transmitter part of SDR model in the baseband and IF frequency contains the signal
generator from the random integer generator blocks. That sample allows you to create random
integers. Randomity comes from, for atmospheric noise, that for such purposes that best than the
pseudo-random number algorithms commonly used in computer programs. Figure 3.2 shows the
random integer generator. Create integers distributed regularly in the range [0, M, 1] where M is
the M-ary number. The generated signal has modulated by the 64-QAM modulator with 2.5
Msps Figure 3.3 shows the rectangular 64-QAM modulator baseband. Adjusts the input signal

using the rectangle modulation method.

The M-ary number must be a numerical force of two. The entry can be either a bit or an integer.

The constellation can be ordered by setting a binary, gray mapping, or user-defined mapping.

11



For the sample-based bits input, must the width must be equal that number of the bits per code.
In the frame-based input, the entry must be an integer column multiplied by the number of bits
per code. For an integer based on samples, the input number must be a number. For frame-based
integer input, the input must be a column vector. The QAM Modulator modulates the M-ary
spatial configuration with a rectangular grid constellation. The output is represented as the base
range of the included signal. The pair close to of points in the constellation is separated by the
otminimum distance parameter value. The modulated signal is converted by a factor of 16 and
pulse-shaped by the RRC filter.

E Source Block Parameters: Random Integer Generator et

R andom Integer Generator [mask] [link]

Generate random unifarmly digtributed integers in the range [0, M-1].
where M iz the kM-are number.

Farameters

b -ary number:
Initial seed:
a7

Sample time:
142 5e6

Samples per frame:
1

lnterpret wector parameters az 1-D

Output data tppe: double e

OF. Cancel Help

Figure 3.2: Random Integer Generator
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El Function Block Parameters: Rectangular CGARM Modulator Baseband =

Rectangular QAk b odulator B azeband [mask] [link]

tlodulate the input zignal uzing the rectangular quadrature amplitude modulation
method.

The M-arn number must be an integer poweer of bweo,

The input can be either bite or integerz. The zignal constellation can be ordered with a
birare mapping. a Gray mapping. or a uzer-defined mapping.

For zample-bazed bit input. the input width must egual the number of bits per sumbaol.
For frame-bazed bit input, the input must be a column wector whoze length iz an
integer multiple of the number of bits per symbol. For sample-bazed integer input. the
input must be a scalar. For frame-bazed integer input, the input must be a column
wechar.

Parameters

kA -ary number:

lnput tppe: | lnteger

Consztellation ordering: |Binary
Foarmalization method: |Swverage Power

Sverage poweer [watks]:
1

Phaze offzet [rad]:
o

Output data type: double

Figure 3.3: Rectangular 64-QAM Modulator Baseband

To modify the speed of sample signal, the sample rate of existing signal could be increased by
mean of interpolation process. The interpolation are comprises the generation of continuous
curve via conventional samples. To obtain the interpolation sequence, this curve will sample at
new sample rate by a factor of M, M-1. The increasing technique at sampling frequency Fs

should be calculated according to the flowing formula:

fs = fnew = Mfouq (3.1)

In the suggested model, the QAM signal is interpolated by 16 to generate a new sample rate. The
new sample rate after interpolation is calculated to get 60 Msps.
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The inherent loss of M will be generated due to interpolation process. The inherent loss has been
overcome by add gain stage in the system design to provide unity gain along with old sequence
and new one. The pulse shaping filter type FIR with Kaiser Window has been used in the
transmitter part. The requirement of RRC filter is illustrated in Table 3.2.

Table 3.2: Root Raised Cosine Filter Requirements

Centre Frequency fientre 2.5 MHz
The Sampling Speed 60 MHz
Attenuation of Stop Band Rejoin -50 dB
B (roll of f factor) 0.35
The Response of Phase Linear
Solidity Grade Stable

The response of RRC filter contains three frequency points such as Nyquist, stop band and pass
band area [48]. These points could be calculated as follow:

fitot = (1 + B feenter = (1 + 0.35)X 2.5MHz = 3.375MHz (3.2)

foass = (1 = B feenter = (1 — 0.35)X 2.5MHz = 1.625MHz (3.3)
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Figure 3.4 shows the magnitude response of RRC filter and Figure 3.5 shows the impulse

response of RRC filter which is indicate that the filter is none distorted and stable in all band.
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Figure 3.4: RRC Magnitude Response
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) Block Parameters: Digital Filter Design
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Figure 3.5: Impulse Response of RRC Filter

Figure 3.6 show the phase delay response of the RRC transmitter filter and Figure 3.7show the
Group delay response of the RRC transmitter filter. In the interesting band which indicates
linearity of group delay and constant response. The linearity of phase response refers to the state
of a straight line along with the function of frequencies. This means no distortion or delay in

filter response.
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Figure 3.6: Phase Delay of RRC Transmitter Filter Response
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Figure 3.7: Group Delay of RRC Transmitter Filter Response
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Figure 3.8 illustrates the spectrum of the original signal under AWGN channel effect with 2.5
dB. Adds white Gaussian noise channel an AWGN for the signal that passes through it. The
digital efficiency of feedforward mitigation successfully had been verified in the AWGN
channels through RF laboratory measurements and simulations connections with cables.
Nothing changes In principle, in a mitigation architecture if the level for the input signals varying
due to the realistic radio channel manifesting all wave propagation phenomena, namely

diffraction, reflection, shadowing, and scattering.
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File Axe: Chanmel Window Halp u

10

M
UV 2.5dB

Stop band

Magnitude-squared, dB
&

a 2 4 6 8 10 12 14 16 18 .1
Frame; 501 Frequancy (MHz)

Figure 3.8: Original Baseband Signal
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3.4 DESIGN OF RECEIVER SECTION

The receiver part of SDR model in the baseband and IF frequency. The incoming signal to
the receiver section is contaminated by noise and decimated to IF after AWGN channel.
This signal is processed with SNR under 20 dB. By using RRC filter, the received signal is
pulse shaped with 60 MHz sample rate and decimated by 16. Figure 3.9 shows impulse
amplitude response of received RRC filter. This processing introduce inherent amplitude
which is balanced by add gain stage to provide unity gain. The processing mitigation,
demodulation as well as the GSM, and implemented had been in MATLAB the existing
using the toolbox for GSM sim that was compliant full with the GSM standard.
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. Figure 3.9: Impulse Response of Received RRC Filter
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Figure 3.10 shows frequency response of received RRC filter. The processing of the signal,
the RRC filter, sometimes known as the SRC filter, is used as a transmitter and receiver for
the digital communications system to perform identical filtering. This helps to minimize
interference of intersymbol (IS1). The combined response to two of these filters is the cosine
filter response. It gets its name from the fact that the frequency response. For a minimum of
ISI (Intersymbol Interference), the total response of the transmitter filter, channel response,
while receiver filter must meet the Nyquist ISI standards. The Raised-cosine filtering is the
most popular filter response that meets this standard. Half of this filtration is performed on
the transmission side and the half on the receiving side. On the receiving side, the channel
response can also be considered, if accurately estimated, so that the overall response is a

Raised-cosine filter.
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Figure 3.10: Frequency Response of Received RRC Filter
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Figure 3.11 show the phase delay response of the RRC receive filter and Figure 3.12 show
the Group delay response of the RRC receive filter in the interest band which indicate
linearity of group delay and constant response. The linearity of phase response refers to state
of straight line along with function of frequencies. This means no distortion or delay in filter
response.
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Figure 3.11: Phase Delay of RRC Receive Filter Response
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Figure 3.12: Group Delay of RRC Receive Filter Response

This algorithm that Using, frequency FIR filter, that represented while phase response can be by
the lowest number of non-zero transactions. Therefore, reduce the computational complexity

required to get the filter output.

The filter raised cosine anterior camshaft provides a large transition width and attenuation in the
low downtime compared to the filter spiders in the size response. The Gaussian phase response
of the filter is more linear in the range of traffic compared to the RRC filter. Figure 3.13 shows

the phase response 64-QAM baseband of received waveforms.
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Figure 3.13: Phase Response of RRC Receive Filter
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Demodulate remove the input signal formation using the modulation rectangle method. The M-
ary number must be a numerical force of two. To the sample-based inputs, the number of input
must be a number. Into window-based input, the entry must be the vector of the column. The
output can be either bit or integer. For bit output, the output width is multiple integer numbers of
bits for each code. In this case, the decision type parameter allows you to choose between
removing difficult decision making. Figure 3.14 shows the rectangular 64-QAM demodulator

baseband of received waveforms.

E Function Block Parameters: Rectangular GAM Demodulator Baseband >

Rectahgular DAk Demodulator Baseband

Demodulate the input gignal using the rectangular guadrature amplitude modulation method.
The b-ary number must be an integer power of two,
For zample-bazed input, the input must be a scalar. For frame-based input, the input must be a column vector. £

The output can be either bits or integers. For bit output, the output width iz an integer multiple of the number of bits per
zymbol. [n this case, Decision twpe parameter allows to choose between Hard decizsion demodulation, Log-likelibood ratio
and Approximate log-likelihood ratio. The output values for Log-likelihood ratio and Approximate log-likelihood ratio Decizion
lwpes are of the zame data twpe as the input values, For inkeger output, the block always performs Hard decigion
demodulation.
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Figure 3.14: Rectangular 64-QAM Demodulator Baseband
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4. RESULTS AND DISCUSSION

4.1 RESULTS

The outcome of this model is to introduce the mobile transceiver to work with any frequency
band which could be tuned down to many frequency bands. The frequency spectrum problem
shortage under consumption could be overcome by mean of cognitive radio in SDR core. The
development of this model consider as save of amount of time in the design and testing. The 64-
QAM transceiver has been successfully designed and simulated based SDR platforms. The
maximum likelihood detection methods are simulated and working in appropriate way to
minimize the error between transmits and received waveforms. The suggested SDR model show
efficient performance to support current and future mobile generation. Figure 4.1 shows the eye
diagram of 64-QAM baseband signal and the constellation diagram is illustrated in Figure 4.2
Subsequently, the modulated signal is converted by a factor of 16 and pulse-shaped by the RRC
filter.
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Figure 4.1: 64-QAM Eye Diagram of Transmit Signal
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Figure 4.2: 64-QAM Constellation Diagram of Transmit Signal
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Figure 4.4: Received Signal Constellation Plot
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Figure 4.3 and Figure 4.4 illustrate the eye and constellation diagrams of received
waveforms.The noise associated with received signal is clearing appear with SNR of 20 dB. If
the SNR increased to 30 dB, the margin of noise is start to be close out and eye diagrams become
better. When the SNR decrease to 10 dB, the received eye diagrams look more distorted which is
mean that the noise is proportional with SNR. Hence, less transmission error will introduce when
the eye diagrams reveals less distortion as illustrated in Figure 4.3 and figure 4.4. Then, the
received signals are filtered and fine gained to recover them into refine signals in the 1Q channel.
The final stage in the receiver part is the synchronization and down sampled process by a factor
of 16 to become baseband symbol with 2.5 mega baud. The demodulated signals has compared

with transmitted signals to confirm the functionality of the suggested model.
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Figure 4. 5: Different Between Transmit and Received Signal
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The error between transmit and received waveforms is zero due to accurate design and efficient
synchronization between transmitter and receiver. Figure 4.5 shows zero difference between

original waveforms and receiver output waveforms.

4.2 RESULTS DISCUSSION

The first step was done to simulate and the design SDR. by used blocks set a MATLAB
SIMULINK. The results were presented, analyzed and presented at schematic drawings of the
constellation and eye of modified signals and demodulation. These schemas describe the
processing step of the transmitted and receiving signal in the form of a pulse and the effect of
channel distortion in the system. Algorithms were chosen such that the errors are reduced while
maintaining resource efficiency. The Implementation results of SDR Model show that the
designed model produces minimum error between Transmit and receive signals. The use of 64-

QAM scheme is better than other scheme in SDR Technology.

It has been shown that the constellation points of the receiver center point are distorted and
become separate when the noise in the channel increases. As is the case, however, they are
immersed clear and around the midpoint when the SNR increases. We concluded that this means

with increased channel noise that the error increases.

The exact synchronization between the sender and the receiver is improved by retrieving the
timing. Exemplify the important trouble for the originality of the original signal is the
synchronization between the 64-QAM transmission and the 64-QAM receiver. insomuch as the
arbitrary bit string is used for pseudo-noise, the generality outstanding option is to retrieve the
synchronization timing. To minimize the complexity of synchronization, use this technique.
That synchronization achieves the maximum likelihood from a filtered signal to finding the best
time for the sample, after adjusting and expanding the important SNR. As shown in the
constellation and eye schemes, the output of the receiver becomes similar to the transmitted

signal schemes.
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Wavelength input and output of the transmitter and receiver model. The 1Q signals received and
their granules are then filtered to become improved 1Q signals. Then, to convert them to 1Qs
baseband in the primary range (2.5 MB), the signals are synchronized and sampled by 16. The
configuration, the recovered integer is compared from 6 bits (2.5 megabaud) with the sender's
input to confirm all system functions, after demodulation. It turns out that the original message
sent a 6-bit integer and received an integer 6-bit output that the difference between them is zero.
The results showed that the synchronization timing of the SDR model for the transmitter and
receiver met the timing qualifications of the model. In addition, optimal synchronization was

achieved.
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5. CONCLUSION AND SUGGESTIONS FOR FUTURE WORKS

5.1 CONCLUSION

This thesis presents the design and simulation of minimum error software defined radio
model based on 64-QAM scheme. The outcome of this model is to introduce the mobile
transceiver to work with any frequency band which could be tuned down to many frequency
bands. The frequency spectrum problem shortage under consumption could be overcome by
mean of cognitive radio in SDR core. The development of this model consider as save of
amount of time in the design and testing. The 64-QAM transceiver has been successfully
designed and simulated based SDR platforms. The maximum likelihood detection methods
are simulated and working in appropriate way to minimize the error between transmits and
received waveforms. The suggested SDR model show efficient performance to support

current and future mobile generation

5.2 SUGGESTIONS FOR FUTURE WORKS

In view of the design and study of the software-defined radio model identified in the program,

for future work in this area the following recommendations are proposed.

1. The SDR design can be better tuned to provide better performance with different

channel effects

2. In that thesis knowledge of the software-defined radio that has been
accomplished, is not totally complete. The has been implemented form the
wireless communication system only in the IF and baseband steps. Further
research may also focus on the overall implementation of the radio

communications system in the radio specified in the program.

3. The channel is also a white Gaussian noise added only. In the configuration into
carefully simulate real-life systems, Doppler shift, multipath fade, phase error,

etc., for the channel can be inserted.
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