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Abstract

Typically, DSPbooks are heavy, long and tedious to study for degree and master
students. Moreover, it isard for instructors to summarize the key parts of each chapter
to give the right knowledge to studentgmetimes giving them irrelevant parts,
skipping the most ireresting due to lack of time in lectures. 8woid these problems

and in for the sake of a good learning processasterdegree students, thmoject
tackles the gap between hard, long sections of exercises and the most profitable
exercises tengagestudents in the field of DSP. To cover this objectives, the basic
book of DSP iBr cdiddégsitmmdg WwWsigmgp| MATLABO, | ngl
Brooks [1]. The idea is to create a collection of probléststements/solutions) of all

the chapters, frorthe most basic concept to more complex ideas of DSRe subject

that instructors teach at the University, practical developments are done with specific
hardware, particularly the C5515eZDSP USB Stick Development Tool [2]. It is also
difficult for instructors tofind suitable exercises to understand the classical DSP
algorithms when real implementations are doneaAssult, some hardwaogiented
problems will also be included, which will be first solved in psecddeand then
programmed on Code Comger Studio and verified on the DSP board.
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1. State of Art

In this section | am going to briefly introduce some hints about the state of art of the
solutions to postlass exercises of the textbooks, especialgted to programming.

As the teaching methods in signal processing have changed over the years from the
si mpl e -ofnlléyodt mae t o a mor-eabont&tgoray @ demviercad
several textbooks in DSP have appedbted generally provide exases that can be

done using MATLAB, a software established as the staridamimerical computation

in the signalprocessing community and as a platform of choice for algorithm
development [1]. However, few solutions to the exercises can be referrgddents

and practicingengineers interested in DSP. Nevertheless, | believe in a few years more
collections of solutions/problemaill be published to give a complete refererioe
learners interested in DSP

2. Objectives

The objectives are mainblivided into two aspects: one partwlectinga report with
solutions to the exercises in the DSP book including the MATLAB codes and figures
of the results, the other part is designing hardveaiented problems which will be
programed on CC8ode Corposer Studio) ananplemented on C5515eZSP board.
First, I would like togive an introduction to the background and related terms.

2.1 Digital Signal Processing

Digital signal processing (DSP) is the use of digital processing, such as by computers,
to peform a widevariety of signal processing operations. The signals processed in this
manner are a sequence of numlieas represent samples of a continuous variable in a
domain such as time, space, or frequemggital signal processing and analog signal
processing are subfields of signal processing. DSP applicahchsle audio and
speech signal processing, sonar, radar and other sensor array processing, spectral
estimation, statistical signal processing, digital image processing, signal pro¢essing
telecommunications, control of systems, biomedical engineering, seismic data
processing, amongtherg$3].

Digital signal processing can involve linear or nonlinear operations. Nonlinear signal
processing is closelyelated to naolinear system identificetn [4] and can be
implemented in the time, frequency, and spatiotemporal domEwesapplication of
digital computation to signal processing allows for many advantages over analog
processing in many applications, such as error detection and corredtiamsimission

as well as dataompression [b DSP is applicable to both streamidgta and static
(stored) data [



2.2 MATLAB

The solutions for the problems in the textbook will be programed in MATLAB, a
fourth-generatiorprogramming language, whichH@ls matrix manipulations, plotting

of functions and datamplementation of algorithms, creation of user interfaces, and
interfacing with programs written in othéanguages, including C, C++, C#, Java,
Fortran and Pythd6].

2.3 CodeComposefStudio

CodeComposer Studio is an integrated development environment (IDE) that supports
TI's Microcontroller and Embedded Processors portfolio. Code Composer Studio
comprises a suite of tools used to develop and debug embedded applications. It includes
an optimizing C/C++ compiler, source code editor, project build environment,
debugger, profiler, and many other features. The intuitive IDE provides a single user
interface taking you through each step of the application development flow. Familiar
tools and interfaceallow users to get started faster than ever before. Code Composer
Studio combines the advantages of the Eclipse software framework with advanced
embedded debug capabilities from TI resulting in a compelling featire
development environment for embeddixveloperg].

2.4 DSP Development Tool

The TMDX5515eZDSP is a small form factor, very low cost k&Bvered DSP
development tool whichncludes all the hardware and software needed to evaluate the
i ndustryos | -bitv PSPt TM3B20@5515. Thi§ toolis similar to
TMDX5505eZdsp in the form factor but provides more evaluatiptions such as
USB2.0 and SD interface. The USB port provides enough power to operate the ultra
lowpower C5515 so no external power supply is required. This ultra low cost tool
allows quick and easgvaluation of the advanced capabilities of the C5515, C5514,
C5505A and C5504A processors. This tool eadedded XDS100 emulator for full

source level debug capability and supports Code Com@seu di o4 . OE integr
development envir n me n t (1 DE) and eXpressDSPE soft\
DSP/ Bl OSE kernel. The full contents of the

board Code Compos&t udi oE | DE Rev. 4.0 [ 8

2.5 Objectives

The project consists on creating a collection of problamd solutions of lathe
chapters of the textbopwhich can be divided into four phasesd hardwar®riented
experiments implemented on DSP boavHich can be divided intthreephases



2.5.1 Repertory of problems/solutions

2.51.1Design

To coverthisobj ecti ves, the textbook dAaDigital
Ingle V.K./ Proakis J.G. Brooks[1], are organized in 8 chapters. The following is a list
of chapters and a brief description of their contents.

Chapter 1, IntroductionThis chapter introduces readers to the discipline of signal
processing and presents several applications of digital signal processing, including
musical sound processing, echo generation, echo removal, and digital reverberation. A
brief introduction to MATLABIs also provided.

Chapter 2, Discretéme Spnals and Systemghis chapter provides a brief review of
discretetime signals and systems in the time domain. Appropriate use of MATLAB
functions is demonstrated.

Chapter 3, The Discretiime FourierAnalysis: This chapter discusses discrétae
signal and system representation in the frequency domain. Sampling and reconstruction
of analog signals are also presented.

Chapter 4, The-Zransform:This chapter provides signal and system descriptidmein t
complex frequency domain. MATLAB techniques are introduced to analyze z
transforms and to compute inversdransforms. Solutions of difference equations
using the zransform and MATLAB are provided

Chapter 5, The Discrete Fourier Transfoiirhis chaoter is devoted to the computation

of the Fourier transform and to its efficiemtplementation. The discrete Fourier series

is used to introduce the discrete Fourier transform, and several of its properties are
demonstrated using MATLAB. Topics such astf@onvolution and fast Fourier
transform are thoroughly discussed

Chapter 6, Implementation of Discrefene Filters This chapter discusses several
structures for the implementation of digital filters. Several useful MATLAB functions
are developed fahe determination and implementation of these structures. Lattice and
ladder filters are also introduced and discussed. In addition to considering various filter
structures, we also treat quantization effects when fpri¢eision arithmetic is used in
theimplementation of IIR and FIR filters.

Chapter 7, FIR Filter Desigihis chapter and the next introduce the important topic
of digital filer design. Three important design techniques for FIR filtemnely,
window design, frequency sampling design, ahé equiripple filer desigrare
discussed. Several design examples are provided using MATLAB.



Chapter 8, IIR Filter Desigimhe chapter begins with the treatment of some basic filter
types, namely, digital resonators, notch filters, comb filtergasKfilters, and digital
sinusoidal oscillators. This is followed by a brief description of the characteristics of
three widely used analog filters. Transformations are described for converting these
prototype analog filters into different frequersgiectivedigital filters. The chapter
concludes with several IIR filter designs using MATLAR

In every chapter, there are some examp¥bgch are provided with answers and
solutionsand post exercisaghich remairto be solved. All of them areelpful for the
comprehensiomo the concepts of Digital signal Processargl conversancén using
MATLAB to solve the related problem€urrently there is no such a repertory of all

the solutions of the post exercises in this book, so we decided to work on that in the
period of four monthsTo have an intuition of the solutioni$ possible,we divide the
solutions into four parts: analytical calation, MATLAB codes, MATLAB results and
MATLAB figures.

2.51.2 Analysis

The main objective of this phase is to make an accurate analysis of the project and
develop the consequedgsign. As mentioned in the previous document, the project can
be divided into two aspectthe first part isa reportcollected with solutions to the
problems in the DSP book including the MATLAB codes and the figuressniits

saved as vector graphics.

As for the final report, the project analysis will be necessary to define and set the
objectives andequirements of the final report. Project design consists on solving
problems through modeling in Digit&ignal Processing a4, which implies using

all the knowledge acquired during the Bachelor DegreeCmmmunications
Engineering in order to use the different models to fit different problems.

2.51.3Implementtion

It is necessary to learn from the basic concepts to more complex ideas of Sigjital
Processing [3] and understand every problem that appears in the collé¢hoa.t 6 s
more, it is also helpful to learn all the examples with solutions given in every chapter
to get familiar to the way of solving Digital Signal Processing problemsgusi
MATLAB, which means the combination of theory and practice. In every chapter, there
is also some MATLAB functions written by the author of the textbook provided, which
may be used frequently during solving the post exercises. As a result, to comprehend
the MATLAB functions deeply and well is as well as significant to the next Stely.

after ensuring tainderstand the concepts very well, | can be able to program on
MATLAB to solve the problems anevaluate the merits of the methods.



Once | have figuredut the various concepts of DSP the second phase will start. This
stage will consist imumerical computation or model building and programming on
MATLAB. | will work on the project chapter by chapterd f possible, the results will

be shownin figures and saved as vector graphics, namely eps files for the final
repertoryl0][11][12].

2.51.4Repertory

Finally, a repertory will beollected, includin@ll the statements, solutions, namely the
MATLAB codes, results shownn figures for the exercises ihd textbook, which is
also myfinal report of Bachelor Thesis.

2.5.2 Hardware experiments

2.5.2.1Design

As for the experiments designed to solve hardweaiented problems, the project
analysis includedefining and setting objectives, requirements, festuand the
rationality of the experiments or systerarthermore, the state of art will be expanded
and it is provided an analysis and evaluation of the diffeteatnologies and
architectures used to the development. Project design consists on dpsiggtams

and creating the architectures implemented on DSP board, which requires extra
knowledge abouprogramming on Code Composer Studio, crom®pilation and
debug between DSP board and upg@nputer.

The designing experiments should be involvedlassic algorithms related to Digital
Signal Processing and basic skills about Digital Signal Processor development.
C5515eZDSP USB Stick is an n d usslowest power 1bit processorhelping
conserve energy at exceptional levels and enabling longemybdifes which is
especially suitable for audio signal processing applications, including voiceleeco
musical instruments, portable medical solutions and E&j.on

To fulfill such requirements and to enlarge the features of C5515eZDSP USB Stick, |
choose two applications as hardwarented experiments, which are DUane
Multi-Frequency Signalg Generation and Detechdoy Goertzel Algoritm.

2.5.22 Analysis

The abbrevi at i obualDoheWklti &rteagrucesn cfyamr, fand i s a
representing digits with tone frequencies, in order to transmit them over an analog
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communications network, for example a telephone line. During development, care was
takento make use of all frequencies in the voice band, in order to reduce the demands
placed on théransmission channel. In telephone networks, DTMF signals are used to
encode dial trainand other information. Although the method used until now to form
dial trains from asequence of current pulses is still the standard in Germany, the
trangnission time is too longnd places an unnecessary loading on the network. In
addition, many telecommunicatioggrvices are only available with the use of tone
dialing[13].

DTMF (duattone mudti-frequency signaling Generation consists of the following
objectives: to producdual tones using sine wave gegtters, to generate the sequence

of tones for a telephone number, to generate DTMF tones using C5515eZDSP USB
Stick, to hear the results on headphones/computer leaksfs.

DTMF Detection consists of the following gbéctives: to implement Goertzel
Algorithm in C code, to use the Goertzel Algorithm to decode the tones generated by

the DTMF Generator above, to display the number on the console of Code Composer
Studio.

2.5.2.3 Implementation

2.5.2.3.1 DTMF Generation

For DTMF encoding, the digits® and the charactersB, */E and #/F are represented
as acombination of two frequencies[]3

Frequenc [1209 Hz|1336 Hz|1477 Hz|1633 Hz
y
697 Hz 1 2 3 A
770 Hz 4 5 6 B
852 Hz 7 8 9 C
941 Hz */E 0 #/F D

With this system, the column is represented by a frequency from the fupgpaeency
group(Hi-Group: 12091633 Hz), and the line by a frequency from the lower frequency
group (LeGroup: 697941 Hz). The tone frequencies have been chosen such that
harmonics aravoided. No frequency is the multiple of another, and in no casdthipes
sum or difference afwo frequencies result in another DTMF frequency.

As explained, DTMF signals are thus analog, and consist of two sine waves which are
independent of each other. It is therefore not possible to generate them with only digital
components. The digital signals must instead be converted by means of DACs {Digital
to Analog Converter$]l4], whichis integrated in the TLV320AIC3204 Stereo Coded

on the C5515eZDSP USB Sticknd/or filters, into the desired sinusoidal waveforms.
6



The ETSI ES 201 23fL5] has defined the requirements for a central office DTMF
receiver to ensure reliable operations. For example, the receiver must tolerate slight
variations (frequency bandwidths) in the eight frequencies and the relative signal
amplitudes (twi§ of the two frequencies comprising a valid digit. Also, the tone bursts
must meet certain timing criteria such asafhduration etc. The receiver must also
reject speech signals and operate in the presence of certain noise levels, without
incorrectly a&ecoding the tone pajts6]. Tone duration specified by teTSI ES 201
235recommendation is at least 65 ms. Pause duration (a pauS@aBan level signal,
encountered between two digit) must be of at least 65 ms.

In the implementation of DTMF Generatti, | choose to set the tone duration as 70 ms
and the pause duration 300M®. generate the singave, the C code uses thime()
function in DSPLIB and the sampling frequency is 8000Hz tones are played for
use as a signal for the DTMF Detectioging Goertzel Algorithm.

2.5.2.3.2 DTMF Detection

For DTMF decodingin order to receive DTMF signals with a Microcontroller without
the use of costly speciabmponents, signals which are received need to be processed
with an Analogto-Digital Converter (ADC), which is integrated in the
TLV320AIC3204 Stereo Coded on the C5515eZDSP USB Siiatt recognized with

a digital ftering algorithm.

The minimum duration of a DTMF signal defined by EESI ES 201235standard is

65 ms. Therefore, there are at most 008600 = 520 samples available for estimation

and detection. The DTMF decoder needs to estimate the frequencies contained in these
short signals.

One common approach to this estimation problem isotopeite the Discret&ime
Fourier Transform (DFT) samples close to the seven fundamental tones. For a DFT
based solution, it has been shown that using 205 samples in the frequency domain
minimizes the error between the original frequencies and the pointscit the DFT

is estimatefl7]. To minimize the error between the original frequencies and the points
at which the DFT is estimated, | truncate the tones, keeping only 205 samples or 25.6
ms for further processing. At this point we could use the Fastdfduansform (FFT)
algorithm to calculate the DFT. However, the popularity of the Goertzel algorithm in
this context lies in the small number of points at which the DFT is estimated. In this
case, the Goertzel algorithm is more efficient than the FFTitigg18]. The Goertzel
algorithm is implemented in the form of a secamder IIR filter, the fomula for the
seconedorder IIR filter is

1

H(2) =
(2 1- 2cosqgz ' + 7 ?




Where g =24 | f,

wheref is thefrequency of tone and fs is 8000Hz.
The difference equations for this IIR filter are

v(n) =2cosgv(n- 1) - v(n- 2)+x(n) wheren=0,1,2.N

where x(n) is the filter input, v(n) is the filter output and N is the times filter is applied.
However the outputs form IIR filter have both amplitude and phase shift, which means
the filter outputs will have both real and imaginary components. To ca¢hapower

in the signal we have powei="Q ¢ I A C E linAhidase we can ignore the phase
shift and speed up the calculation. Tlsvpr is calculated as follows[]L9

| Y(N) F=V*(N) +V*(N - 1) - 2cosgv(N)V(N - 1)

Where
N = total number of times filter is used, typically 205

v(N) = filter output after N times

V(N-1) = previous filter output.
In the implementation, | design 8 IIR filters using MATLAB FDA Tool and generate
the coefficients for CCS, one for each frequency and run each filter for the input signal
a total of 205 times. The finglme through, | calculate the power in each of the 8
frequencies and evaluate which pairs of tone are present from 8 calculated powers.
The calculated power should be high enough to be recognized as tones and the
difference between the power of-frequerty and lefrequency should not be big
enough. Ideally the two individual DTMF frequencies should have the same amplitude,
however this is not always in the case. When transmitted along the telephone line, the
amplitudes of DTMF may be different. The diéaice in amplitude of high and low
frequencies i s r eHTSIES 20d 23DDMF fietommendations, A s
the normal twist is less thandl2 and theeverse twist is less thamlig20].

3. Work Plan

As the initial methodologythe solution®f post exercises in the book of seven chapters,
from Chapter 2 to Chapter 8ill be coded in MATLAB scripts, calling various
functions in MATLAB library or written bythe author omyself.

The estimated project duration is approximately 4 moths. Thegbsiarts on February
13th, 2017 andhe deadline is on Ma®%th, 2017 It is important to consider that the
initial planning could be revised and updated because of the evabitioa project.

As mentioned beforethe agile methodology will allow u$o revise and adapt
dynamically the initial planning. Hence, if the stages referred in the previous point have

8
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different durationthan expected, the planning will be modified. For example, if the
stage has less duration than expected|listart immedately the next one. Nonetheless,
if the task lasts more than expected, it will delayftlewing tasks. At the end of each
stage a meeting with the director of the project will take place in todenalyze the
project and confirm that the author isléaVing a good process.

Actually, due to the tight timetable, there is no sufficient time to finish the solutions for
post exercises of Chapter 8, as a result, after the discussion between my tutor, Professor
Antoni and me, we decide to collect statementd solutions of all the examples of
Chapter 8 instead.

3.1Estimated Time

The four stepsf the repertory parnentioned before need differahirationtime o be
worked on The Design part needs approximately one weekAtraysis part needs
aboutanothersevendays, the Implementation part needs around sixty days and the
Repertory part needfiree weeksThe three steps of the hardware experimpats
totally requires about thregeeeks be done with writing the repertory at the same time.
As the fdlowing table, Table lis a chart to show the estimated time concretely.

Planning and Feasibility

Design 40
Analysis 40
System Modeling on MATLAB 160
Simulation and Evaluation on MATLAB 160
Design DTMF Generation and Detect®ystem 60
Verifying on DSP Board 60
Final Report

Table 1 Estimated Time

The following is a Gantt Chart to show the project planning.

3.2Gantt Chart

1D Task Name ary 2017 March 2017 April 2017 May
9 l12la5]usfoilaaforla 5[ 8 unlaaf17(20(23[260200 1 [al7l10l13]16l19(22|25/28 1|4 [7 10[13]16[10]22(25]/28
b

1 Planning and Feasibility
2 MATLAB Part "
3 Design [—

4 Analysis “f—r—

5 System Modeling Y—L

6 Simulation and Evaluation »E 4
7 Hardware Part =
8 System Design —

9 Verifying on DSP Pl——i
10 [Final Report *—1




4. Methodology

In theanalysis andmplementation stages of repertory part, the solutions will be first
calculated analytically and then coded in MATLAB scripts, calling various functions
in MTALAB library or written by the author or myselin the praess of writing the
final repertoy themain tool is Microsoft Ofte and MathType to edit the fomulas.

In the implementation stage of hardware experiments, the model will be first simulated
on MATLAB and then programmed in C Code on CCS. After the compilation without
any error, the program Wibe downloaded to and run on the hardware, namely
C5515eZDSA USB Stick, at the same time, the program will be debugged to ensure the
correctness and accuracy as expect

5. Project Budget

5.1 Considerations

In thissection an estimation of the cost tifis project is presented taking irdocount
respectivehuman resourcebardwareandsoftware resources amortizations.

5.2 Project Budget

5.2.1 Budget Monitoring

In order to control de budget, at the end of each sprint the budget will be updated with
the effective totalamount of hours. Hence, the final budget with be a completely real
budget based on real times. Specialythe end of the second and eighth sprints the
total amount of hours can widely vary.

5.2.2 Human Resources Budget

This project iggoing to be developed only by one person. Hence, this person will need
to be both a projechanager and a software programmer, as well as a hardware designer
and developer. Thus, we will needdifference betwen each role in the total of 8
hours. In Tale 2, an estimation of the cost is provided
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Role Estimated Estimated price per hou Total estimated cos
Project Manager 40 hours pn € kK2 dzNJ 20nnznn €

Software Programmer 520 hours op € k K2 dzNJ 182 = nn €

Hardware Designer and Developt 120hours o p € k K2 dzNJ 42nnxZnn €
Total estimated 680 hours 244 Znn €
Table 2: Human Resources Budget

5.2.3 Non-human Budget

5.2.3.1Hardware Budget

In order to be able to design, implement and verify the hardarsgpeted experiments,

a set of hardware will be needed for different purposes. In Table 3, an estimation of the
cost of that hardware is provided taking into account their useful life, dsasviieir
amortizationsConsidering the useful life of the hardware is five years, the final cost of
the hardware will be as following.

Product Price Units Useful life  Total estimated amortizatio
TMS320C5515eZdsp USck Hy nX 1 5years HYy Znn e
Development Tool

ThinkPad T430s pnnz 1 5 years pnznn e

Hann star LCD Monitor Mmvmn2 1 5 years MMZNA €

Total estimated y pn 2 ydpZnn €

Table 3: Hardware Budget

5.2.3.2Softwarelicerses Budget

Additionally, some software products will be neetiedarry out the project. Although

some of them are available for free as this is an academic project, the real cost is
considered. As in the hardware budget, their amortizations have been taken into account.
In Table 4 the software budget is shown.

Useful life Totalestimated
amortization
Matlab R2014a H®Onnnx. 1 5 years HNN2Znn e
Code Composer Studio 6.1.1 onnznn 1 4 years oTXpn €
Microsoft Office 2013 for Stude T ndp>nn 1 4 years Po>co €
Windows 7 Utimate cpIdpp « 1 5 years Included on ThinkPad

Total estimated OPMMY 2 OOMXZMO €

Table 4: Software Licenses Budget
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5.2.4 Total Budget

By adding all the budgets provided above, we can get the total estimated budget for this
project, as shown in Table 5.

Concept Estimated cost

Hardware ydZnn e
Software OOMXIMO €
Human resources 244n > nn €

Total estimated cost 2482n Zpo €

Table 5: Total budge

6. Alternative Solutions

As mentionedabove, there are lots of MATLAB functions including in the MATLAB

library and written by tha@utror or myself are called whenlsong the post exercises

in the MATLAB scripts.When using the MATLAB functions written by the author or

writing the functions by myself, it can never be too careful to make sure the correctness

and versatility. In the fitowing solutions there maybe plenty of times to call the
Ahomemadeo functions, i f there were any
awareness, the consequence could be unpredictabienaodeptable.

Here are several examples to illustratieat] mentioned above:

6.1. impseq and stepseq functions

In this casempsegm andstepseq.m shownas follows are two functions written by
the author to generate unit sample sequence and unit step sequeneeare seral
ways to generate these two typdédasic sequence, and the author chooses an elegant

way[1] of implementing d(n) and u(n) , the logical relationn==0 and n>=0.

However,a small problem othe implementation using logical relation is that the
format of the sequence is logical.

function [x,n] = impseq(n0,n1,n2)

% Generates x(n) = delta(n -n0); nl <=n<=n2
0/

% [x,n] = impseq(n0,n1,n2)

%

n=[nl:n2];x =[(n -n0)==0];



function [X,n] = stepseq(n0,n1,n2)

% Generates x(n) = u(n -n0); N1 <=n<=n2
0/ mm e e

% [X,n] = stepseq(n0,n1,n2)

%

n=[nl:n2]; x =[(n - n0)>=0];

In the solutions of P2.14, to prove the identity property of convolution,
zin)* fin —np) = z(n — ng)
the MATLAB script needs to call theonv_m(x,nx,h,nh) function, which calls the

conv(a,b,shape)unction in MATLAB library to calculate the convolution ak(n)
and d(n- n,). Theconv(a,b,shapefunction requires the inpufid and ibo should

be double formatwhich causes error because tbén- ny) is in format of logical

instead of double. So it is reasonable to add a line inntipseqgm and stepseq.m
functionthat
changehe format of them like following.

function [x,n] = impseq(n0,n1,n2)
% Generates x(n) = delta(n -n0); N1l <=n<=n2

% [x,n] = impseq(n0,n1,n2)

%

n=[nl:n2];x = [(n -n0)==01;

x = double(x);

% convert x to double format from logical format.

function [X,n] = stepseq(n0,n1,n2)
% Generates x(n) = u(n -n0); N1 <=n<=n2

% [x,n] = stepseq(n0,n1,n2)

%

n=[nl:n2]; x =[(n - n0)>=0];

x = double(x);

% convert x to double f ormat from logical format.

It is a simple example, but is shows
functions.

6.2. circonvi.m

In the post exercises P5.26, the requiremensiisg the frequency domain approach,
13
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devise a MATLAB function to implement the circular convolution operation between
two sequence3he format of the sequence should be

function x3 = circonvf(x1,x2,N)

% Circular convolution in the frequency domain
% x3 = circonvf(x1,x2,N)

% x3 = convolution result of length N

% x1 = sequence of length <= N

% x2 = sequence of length <= N

% N = length of circular buffer

The method of the function is first padding zeros for seque@tesnd @ until their
lengths are botN, and then daulating theDFT of @ and @, and finallycalculating
theIDFT of their product.

% Method: y(n) = idft(dft(x1)*dft(x2))

Normally, @ and @ are realvalued sequencedurthermore, due to the way of
MATLABOS numer at aratharsabruwhyatd useotine,realipart of y(n),
instead of y(n) itself as the result of the circular convolutio®@ofand @ . However,
in this exercise, there is no specific requirement saying @atr @ can not be
complexvalued sequence, a betterways t o add a con-di seonal
statement to see wheth& and @ are realvalued or complexalued and then
decide whether to pick the real part as result, shown as followed:

function y = circonvf(x1,x2,N)

%

%function y=circonvf(x1,x2,N)

%

% N- point circular convolution between x1 and x2: (freq
domain)

% vy : output sequence containing the circular convolution
% x1 : input sequence of length N1 <= N

% x2 : input sequence of length N2 <= N
% N : size of circular buffer

%

% Method: y(n) = idft(dft(x1)*dft(x2))

% Check for length of x1

if length(x1) >N

error(  'N must be >= the length of x1' )
end

% Check for length of x2

if length(x2) >N

error(  'N must be >= the length of x2' )

14



end

x1=[ x1 zeros(1,N - length(x1))];
x2=[x2 zeros(1,N - length(x2))];
X1=fft(x1); X2=fft(x2);

if any(imag(x1) ~=0) || any(imag(x2)~=0)
y=ifft(X1.*X2);

else

y=real(ifft(X1.*X2));

end

To sum up, these atbe only two cases | found because of the MATLAB Error or
obviously wrong results in other MATLAB scriptBhrough carefully analyzing, |

think the revised alternatives are more suitable to solve the prolMaybe there are
still a few small bugs inthe@ h o me ma d e oto ke discavéréed.o n s

7. Results

7.1 Results oRepertory

The resultof repertory are showin the final part of this report as appendix.

7.2 Results oDTMF Generation

The DTMFtone sequences first generatedn MATLAB script DTMFGenerator.m,

which generates a DTMF tones for sequence f
of tone 70ms and duration of pause 300atkled by 6 dB Gaussian White Noise by

the MATLAB functionawgn(tones,snr) Then the sequence will be played repeatedly

by the MATLAB functionsoundsc(tones,fsWwherefs is the sample frequenayamely

8000Hz Theresult can be shown as folloj24]:

123456789=*0#

fe > |

After MATLAB simulation, the DTMF tones are generated by programing in C Code
on CCS by means of finite state machif€sSM). The FSM consists of five states:
START, BUTTON, SPACE, DONE, WAIT. When the result read from the
phonenumber is not null, the pointer points to the sate, BUTTON, which calls the
generate_ DTMFfunction to gnerate the corresponded sigmaimeans of calling the
sine() function in DSPLIB. And the sequence will be transfer from digital signals to
analog signals through cod@d.V320AIC3204 and played via stereo out on the
C5515eZDSP USB SticH.he corsolewindow of CCS can be shovas followed.
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& console i | Problems
DTMFGenerator [Project Debug Session] Texas Instruments XD5100v2 USE Emulator_0/C55xc CIO (15:21:07)

PLL fregquency 100 MH=z

REGISTER --- CONFIG VALUES
PLL CNWTRL1 8belf ——— 8bel
PLL CHTRL2 080e ——- 08206 Test Lock Mon will get set after PLL iz up
PLL CHTRL3 8000 --- 8000
PLL CHWTRL4 0oo0 -—- 0000

Running Project DTMF Generator
Generates DIMF frequencies for telephone number --> to Headphones/Lineout

Sampling frequency 8000 Hz Gain = 0 dB

7.3 Results oDTMF Detection

A 3.5mmaudiocable line is used to transmit the DTMF generated by MATLiAB

the stereo in on C5515eZDSP USB Staxk inpuf then be transferred from analog
signals to digitalsignals The input samples will be first processed by the function
goertzel_filter until N is the typical number 205. Then the power of those outputs of
thegoertzel_filter function will be calculated separately due to different frequency. As
long as the a@lculation is bigger than the correspled threshold, the corresponded bit
of thegoertzel_bit_maskwill be set. An example is as follows[21].

if ( goertzel output 697 Hz > GOERTZEL THRESHOLD)
{

goertzel bit mask |= 0x0001; /* S5et bit 0 in bit mask */
else

{

goertzel bit mask &= OXFFFE; /* Clear bit 0 in bit mask */

After that, there will be aet offi iefl s e 0 s tb deterenimeewhith button is pressed
and at the samtame whether the twist is followed the recommendations. An example
is as followed:

if (( BUTTON 0 == goertzel bit mask)&& (goertzel output 941 Hz>=goertzel outpuc_1336 Hz#0.393)s& (goertzel output_1336 Hz>=goerczel output 941 Hz+0.158))
{
puts ("Button 0 pressed.\n");

The results showim the console window of CCSwhich can see that the Goertzel
Algorithm is able to detect the sequeradiled to 6 db Gaussian White Noise, without
any arors.
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GoertzelAlgorithm [Project Debug Session] Texas Instruments XDS100w2 USE Emulator 0/C3 %o CIO (15:25:20)

PLL fregquency 100 MH=z

REGISTER --- CCONFIG VALUES
FLL CNIRL1 8be8 --- Bbed
FLL CNTRLZ 080e --- 0806 Test Lock Monm will get set after PLL is up
PLL CNTRL3 8000 --- 8000
PLL CNTRL4 0000 --- 0000

Sampling frequency 82000 Hz Gain = 24 dB
Bunning Goertzel Algorithm Project
Inmput: Audio from telephone keyboard to microphone

Cutput: Goertzel filtered output on headphones

£l Console i3 Problems
GoertzelAlgonthm [Project Debug Session] Texas Instruments XD5100w2 USE Emulator_0/C5350c CIO (15:25:20)

Button 1 pressed.

Button 2 pressed.
Button 3 pressed.
Button 4 pressed.
Button & pressed.
Button 7 pressed.
Button & pressed.
Button 2 pressed.
Button * pressed.
Button 0 pressed.

Button # pressed.

8. Conclusions

In this projecttwo main parts of work are done according to the timetable in 4 months.
A repertory of Digital Signal Processing [
MATLABO, Il ngle V. K., Pr o ak roganided @nd th8 r o o k s |
results as well as Bdions are properhkevaluated and correcthgsted on MATLAB.
A bunch of analytical results, MATLAB calculation results, MATLAB figurae
collected with the post exercises togetherbe a final reportWh at 6 s mor e, a S«
hardwareoriented experimen are designed. The DTMF tones are well generated on
MATLAB and also on CCS by downloading the programs to C5515eZDSP USB Stick.
At the same time, DTMF Detection using Goelr&lgorithm is well implemented and
testedwvhich is able to recognize correctrm DTMF tones to show which the buttons
are pressedBy finishing this report, | learned deeply from the basic concepts to
17



increased level of complex ideas of D%khieved a very good level of MATLAB
coding acquired basic skills in DSP DevelopmentdieMoreover,The final reports

able to help instructors summarize the key parts of each chapter to give the right
knowledge to students and find suitable exercises to understand the classical DSP
algorithm when real implementations are d@2¢ This final report is also able to help
students on DSP clasespeople who are interested in D®R)et access to the reference

of solutions of post class exercises aackte the gap between hard, losgctions of
exercises and the most profitable exassiwhich will support students a good learning
process in DSP field.
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Appendix: The Repertory

Chapter2

P2.1

Generate the following sequences using th&iddMATLAB signal functions and the basic

MATLAB signal operations discussed in this chapter. Plot signal samples using the

stemfunction.
@(n) =3n+2)+ Ai(n) - U(n-3) + Fi(n-7),-5 U n U 15.
@M B  A¥xgn-2k),-10 U n U 10.
@ (n) = 1Qu(n) - 5u(n - 5) - 10u(n - 10) + 5u(n - 15).
@(n) = A8 [u(n+ 20)- u(n- 10)].
. @ (n) = 5[cos(049" h+ cos(051° J, -200 U n U 200. Comment on the waveform
shape.
6. @ (n) = 2sin(001" jros(05 J-200 U n U 200. Comment on the wavefoshape.
7.9(nN=A 8 sin(01" =" 3),0 U n U 100. Comment on the waveform shape.
8. ()= A% sin(01" B0 U n U 100. Comment on the waveform shape.

a s wbde

Solutions

1.GM)=30rf+2)+20rf)-urf-3)+5015-7),-50n 015

% P2.1

%% P0201la: x1(n) = 3*delta (n+2) + 2*delta(n) - delta(n -3)
% + S5*delta(n -7), -5<=n<=15;

clc; close all ;

x1 = 3*impseq( -2, - 5,15) + 2*impseq(O, -5,15) - impseq(3, -
5,15)

+ 5*impseq(7, - 5,15);

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off | 'Name' , 'P020la’ );nl= [ -
5:15];

Hs = stem(n1,x1, filled' ); set(Hs, 'markersize’ 2);
axis([min(nl) - 1,max(nl)+1,min(x1) - 1,max(x1)+1]);

xlabel( 'n' ,'FontSize' ,8); ylabel( 'x_1(n)" ,'FontSize' ,8);
title(  'Sequence x_1(n)' , 'FontSize'  ,8);

set(gca, 'XTickMode' |, 'manual’ , 'XTick' ,nl1, 'FontSize' ,8);
print -deps2 ./EPSFILES/P020la ;

The plots ofd (n) is shown in Figure 2.1.
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Sequence x1(n)

x,(m)
N
T

Figure 2.

1: Problem P21 sequence plot

2.%,(M=4a. . e"d(n2K 10 10

%% P0201b: x2(n) = sum_{k =
% 2k), -10<=n<=10

55 e - |k[}delta(n

clc; close all ;

n2 = [ -10:10]; x2 = zeros(1,length(n2));

for k= -55

x2 = x2 + exp( - abs(k))*impseq(2*k , - 10,10);
end

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,

'off ,'Name' , 'P0201b' );

Hs = stem(n2,x2, filled' ); set(Hs, 'markersize’ 2);
axis([min(n2) - 1, max(n2)+1,min(x2) -1 max(x2)+1 J);
xlabel( 'n' ,'FontSize' ,8); ylabel( 'x_2(n)" , 'FontSize'

title(  'Sequence x_2(n)’

, 'FontSize'  ,8);

set(gca, 'XTickMode' |, 'manual’ , 'XTick' ,n2);
print -deps2 ./EPSFILES/P0201b ;

The plots of@ (n) is shown in Figure 2.2

13 14

15
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Sequence xz(n)

2 T T T

IS N O

-0.5 -

_1 | | | | | | | | | | | | |

! ! ! ! ! !
10 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9

n

Figure 2.2: Problem P2.1s2quence plot

3. @ (n) = 10u(n) - 5u(n - 5) - 10u(n - 10) + 5u(n - 15).

%% P0201c: x3(n) = 10u(n) - 5u(n - 5)+ 10u(n - 10) +
% 5u(n - 15).

clc; close all ;

x3 = 10*stepseq(0,0,20) - b*stepseq(5,0,20) -

10*stepseq(10,0,20)
+ 5*stepseq(15,0,20);

n3 = [0:20];

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0201c' );

Hs = stem(n3,x3, filled' ); set(Hs, 'markersize’ 2);
axis([min(n3) - 1, max(n3)+1,min(x3) - 1, max(x3)+2]);

ytick = [ -6:2:12];

xlabel( 'n' ,'FontSize' ,8); ylabel( 'x_3(n)" ,'FontSize' ,8);
title(  'Sequence x_3(n)' , 'FontSize'  ,8);

set(gca, 'XTickMode' |, 'manual’ , 'XTick' ,n3);
set(gca, 'YTickMode' |, 'manual’ ,'YTick' ,ytick);
print -deps2 ./EPSFILES/P0201c ;

The plots of@ (n) is shown in Figure 2.3



Seguence xa(n)

12 T T T

x,(n)

_6 | | | | | | | | |

[ IS I S— | [ I N
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

n

Figure 2.3: Problem P2.1sgquence plot

4. @)= A28 [u(n+20)-u(n-10)]

%% P0201d: x4(n) = e ~ {0.1n} [u(n + 20) - u(n - 10)].
clc; close all ;

n4=[ -25:15],

x4 = exp(0.1*n4).*(stepseq( - 20, - 25,15) - stepseq(10, -
25,15));

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0201d" );

Hs = stem(n4,x4, filled' ); set(Hs, 'markersize’ 2);
axis([min(n4) - 2,max(n4)+2,min(x4) - 1, max(x4)+1]);

xlabel(  'n' , 'FontSize' ,8); ylabel( 'X_4(n)" , 'FontSize' ,8);
title(  'Sequence x_4(n)' , 'FontSize'  ,8); ntick =

[n4(1):5:n4(end)];
set(gca, 'XTickMode' |, 'manual’ , 'XTick' ntick);
prin t -deps2 ./EPSFILES/P0201d ;

The plots ofd (n) is shown in Figure 2.4
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Sequence x 4(n)

251 h

1.5 i

X,(n)

-0.5 h

1 ! ! ! ! ! ! ! ! !
-25 -20 -15 -10 -5 0 5 10 15

n

Figure 2.4: Problem P2.1séquence plot

5. @ (n) = 5[c0g0.49 n) + cog0.51" n)], -2000n O200. Comment on the waveform shape

%% P0201e: x5(n) = 5[cos(0.49*pi*n) + cos(0.51*pi*n)], -
% 200 <=n <= 200.

clc; close all ;

n5=[ -200:200]; x5 = 5*(cos(0.49*pi*n5) +

cos(0.51*pi*nb));

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0201le' );

Hs = stem(n5,x5, filled' ); set(Hs, 'markersize’ 2);
axis([min(n5) - 10,max(n5)+10,min(x5) - 2,max(x5)+2]);

xlabel(  'n' , 'FontSize' ,8); ylabel( 'x_5(n)" ,'FOntSize' ,8);
title(  'Sequence x_5(n)’ , 'FontSize'  ,8);

ntick = [n5(1): 40:n5(end)]; ytick = -12 -10:5:1012];

set(gca, 'XTickMode' |, 'manual’ , 'XTick' ntick);
set(gca, 'YTickMode' |, 'manual’ ,'YTick' ,ytick);
print -deps2 ./EPSFILES/P020le ;

The plots of@ (n) is shown in Figure 2.5
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Sequence xs(n)
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Figure 2.5: Problem P2.1sequence plot

6. @ (n) = 2 sin0.01' n) co0.5" n), -2000n 0200

%% P0201f: x6(n) = 2 sin(0.01*pi*n) cos(0.5*pi*n), - 200
% <=n <= 200.

clc; close all

n6é =[ -200:200]; x6 = 2*sin(0.01*pi*n6).*cos(0.5*pi*n6);

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off | 'Name' , 'P0201f" );

Hs = stem(n6,x6, filled' ); set(Hs, 'markersize’ 2);
axis([min(n6) - 10,max(n6)+10,min(x6) - 1, max(x6)+1]);

xlabel(  'n' , 'FontSize' ,8); ylabel( 'x_6(n)" , 'FontSize' ,8);
title(  'Sequence x_6(n)’ , 'FontSize'  ,8);

ntick = [n6(1): 40 :n6(end)];
set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
print -deps2 ../EPSFILES/P0201f

The plots of@ (n) is shown in Figure 2.6
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Seguence xe(n)
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Figure 2.6: Problem P2.1s®quence plot
7.08(M=A 2 sin0.1'n+" 3),00n0100
%% P0201g: x7(n) = e " { - 0.05*n}*sin(0.1*pi*n + pi/3), O
% <=n <=100.
clc; close all ;
n7 = [0:100]; x7 = exp( - 0.05*n7).*sin(0.1*pi*n7 + pi/3);
Hf 1 = figure;
set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0201g" );
Hs = stem(n7,X7, filled' ); set(Hs, 'markersize’ 2);
axis([min(n7) - 5,max(n7)+5,min(x7) - 1, max(x7)+1]);
xlabel(  'n' , 'FontSize' ,8); ylabel( 'x_7(n)" ,'FontSize' ,8);
title(  'Sequence x_7(n)’ , 'FontSize'  ,8);

ntick = [n7(1): 10:n7(end)];
set(gca, 'XTickMode' |, 'manual’ , 'XTick' ntick);
print -deps2 ../EPSFILES/P0201g

The plots of@d (n) is shown in Figure 2.7
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Sequence x7(n)

1.5

0.5

1AAA4LY PO Y Y T Y T

x,(n)
o

re—
1.
r .
— .
—
—
—
——
—
—
e

1l L —
I

15 ! ! ! ! ! ! ! !

0 10 20 30 40 50 60 70 80

n

Figure 2.7 Problem P2..7 sequence plot

8.8()=A% sin0.1'n),00n0100
%% P0201h: x8(n) = e * {0.01*n}*sin(0.1*pi*n), 0 <=n
% <=100.

clc; close all ;

n8 =[0:100]; x8 = exp(0.01*n8).*sin(0.1*pi*n8);

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0201h" );

Hs = stem(n8,x8, filled' ); set(Hs, ‘'markersize’ 2);
axis([min(n8) - 5,max(n8)+5,min(x8) - 1,max(x8)+1]);
xlabel(  'n' , 'FontSize' ,8); ylabel( 'x_8(n)" , 'FontSize'
title(  'Sequence x_8(n)' , 'FontSize'  ,8);

ntick = [n8(1): 10:n8(end)];
set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
print -deps2 ../EPSFILES/P0201h

The plots of@ (n) is shown in Figure 2.8

90
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Seguence xa(n)

gOM 1 1 O
T
P2.2

Generate the following random sequences and obtain their histogram udiigj thection

with 100 bins. Use thear function to plot each histogram.
1. @ (n) is a random sequence whose samples are independent and uniformly distributed
over [Q 2] interval. Generate 100,000 samples.
2. @ (n) is a Gaussian random sequence whose samples are independent with mean 10 and
variance 10. Generate 10,000 samples.
3.8(n) =3+ d(n-1) whered(n) is the random sequence given in part 1 above.
Comment on the shape of this histogram and explain the shape.
4. @(n)=B U T where each random sequendgn) is independet of others with
samples uniformly distributed ove®[5, 0.5]. Comment on the shape of this histogram.

Solutions

1. @ (n) is a random sequence whose samples are independent and uniformly distributed over
28



[0, 2] interval.
Generate 100,000 samples.

% P2.2

%% P0202a: x1(n) = uniform[0,2]

clc; close all ;

nl =[0:100000 - 1]; x1 = 2*rand(1,100000);

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0202a' );

[h1,x1out] = hist(x1,100); bar(x1lout, hl);

axis([ -0.12.101200]);

xlabel( ‘interval’ , 'FontSize'  ,8) ;

ylabel( 'number of elements' , 'FontSize'  ,8);
title(  'Histogram of sequence x_1(n) in 100

bins' , 'FontSize' ,8);

print -deps2 ./EPSFILES/P0202a ;

The plots of@ (n) is shown in Figure 2.9

Histogram of sequence X, (n) in 100 bins

1200 T T T T T T T T T T T

1000 |-

800 -

600 -

number of elements

400

200 -

0 0.2 04 0.6 0.8 1 1.2 14 1.6 1.8 2

interval

Figure 2.9: Problem P2.2.1 sequence plot

2. @ (n) is a Gaussiamndom sequence whose samples are independent with mean 10 and
variance 10.
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Generate 10,000 samples.
%% P0202b: x2(n) = gaussian{10,10}

clc; close all ;

n2 =[1:10000]; x2 = 10 + sqrt(10)*randn(1,10000);

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0202b" );
[h2,x20ut] = hist(x2,100); bar(x2out,h2);

xlabel( ‘interval’ , 'FontSize'  ,8);

ylabel( 'number of elements' , 'FontSize'  ,8);

title(  'Histogram of sequence x_2(n) in 100
bins' , 'FontSize' ,8);
print -deps2 ./EPSFILES/P0202b ;

The plots of@ (n) is shownin Figure 2.10

Histogram of sequence xz(n) in 100 bins

350 T T T T T

300 -

250 -

200 -

number of elements

150 -

100 -

50

oo
o

5 10 15 20 25

interval

Figure 2.10: Problem P2.2s2quence plot

3.0(n)=d(n) + J(n- 1) where@d(n) is the random sequence given in part 1 above.
Comment on thehape of this histogram and explain the shape.

%% P0202c: x3(n) = x1(n) + x1(n - 1)where x1(n)=
uniform[0,2]
clc; close all ;

nl =[0:200000 - 1]; x1 = 2*rand(1,100000);
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Hf 1 = figure;

set(Hf 1, 'NumberTitle' , 'off ,'Name' , 'P0202c' );
[x11,n11] = sigshift(x1,n1,1);

[x3,n3] = sigadd(x1,n1,x11,n11);

[h3,x30out] = hist(x3,100);

bar(x3out,h3); axis([ -0.54.50 2500]);
xlabel( ‘interval’ , 'FontSize'  ,8);
ylabel( 'number of elements' , 'FontSize'  ,8);

title(  'Histogram of sequence x_3(n) in 100
bins' , 'FontSize' ,8);
print -deps2 ./EPSFILES/P0202c ;

The plots of@ (n) is shown in Figure 2.11

Histogram of sequence xs(n) in 100 bins
2500 T T T T T T T T T

2000 _

1500

number of elements

1000 -

500 -

-05 0 0.5 1 1.5 2 25 3 35 4 45

interval

Figure2.11: Problem P2.2.8&squence plot

4. @ (n) = Bg U ¢ where each random sequene@) is independent of others with
samples uniformlyistributed ovef-0.5, 0.5]. Comment on the shape of this histogram.

%% P0202d: x4(n) = sum_{k=1} ~ {4} y_k(n), where each
independent of others

% with samples uniformly distributed over [ - 0.5,0.5];
clc; close all ;

y1l =rand(1,100000) - 0.5; y2 =rand(1,100000) - 0.5
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y3 =rand(1,100000) - 0.5; y4 =rand(1,100000)
x4 =yl +y2 +y3 +y4,

Hf 1 = figure;

set(Hf _1, 'NumberTitle' ,'off ,'Name' , 'P0202d" );
[h4,x4out] = hist(x4,100); bar(x4out,h4);

xlabel( ‘interval’ , 'FontSize'  ,8);

ylabel( 'number of elements' , 'FontSize'  ,8);

title(  'Histogram of sequence x_4(n) in 100
bins' , 'FontSize' ,8);
print -deps2 ./EPSFILES/P0202d ;

The plots of@ (n) is shown in Figure 2.12

Histogram of sequence x4(n) in 100 bins
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Figure 2.12: Problem P2.2s¢quence plot

P2.3

1.5

Generate the following periodic sequences and plot their samples (usisgrihfinction)

over the indicated number of periods.

1. X (n)={...,-2,-1,0,1,2, .. }periodic Plot 5 periods.

n
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2. )~(2 (n) = Q8 [u(n) - u(n - 20]periodic Plot 3 periods.
3. )~(3 (n) =sin(0.1" )u(n) - u(n - 10)]. Plot 4 periods.

4. X,(n)={...,1,2,3, .. }periodic +{. . .,1,2 3,4, .. }periodic 0 On O24. What is

n n

the period of >~(4 (n)?

Solutions

1. xy(n)={....=-2,—1, ? 1.2, .. Jperiodic- Plot 5 periods.

%% P0203a: x1(n) ={..., -2,-1012, -2,-101,2.}

periodic. 5 periods

clc; close all ;

nl=[ -12:12];x1=] -2,-1,0,1,2];

x1 = x1"*ones(1,5); x1 = (x1(:))";

Hf 1 = figure;

set(Hf_1, 'NumberTitle' , 'off |, 'Name' , 'P0203a’ );

Hs = stem(n1,x1, filled' ); set(Hs, 'markersize’ 2);
axis([min(nl1) - 1,max(n1)+1,min(x1) - 1,max(x1)+1]);

xlabel(  'n' ,'FontSize' ,8); ylabel( 'x_1(n)" ,'FontSize' ,8);
title(  'Sequence x_1(n)’ , 'FontSize'  ,8);

ntick = [n1(1):2:n1(end)]; ytick = [min(x1) - 1:max(x1) +
1J;

set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
set(gca, 'YTickMode' ,'manual’ ,'YTick" ,ytick);
print  -deps2 ./EPSFILES/P0203a

The plots of@ (n) is shown in Figure 2.13
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Sequence x1(n)

3 T T T

x,(n)
o

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10

3

Figure 2.13: Problem P2.3skquence plot

2. %2(n) = "'"[u(n) — u(n — 20],eriogic. Plot 3 periods.

%% P0203b: x2 = e ~{0.1n} [u(n) - u(n - 20)] periodic. 3
periods

clc; close all ;

n2 =[0:21]; x2 = exp(0.1*n2).*(stepseq(0,0,21) -
stepseq(20,0,21));

x2 = x2'*ones(1,3); x2 = (x2(:)); n2 = [ - 22:43];
Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0203b" );

Hs = stem(n2,x2, filled' ); set(Hs, 'markersize’ 2);
axis([min(n2) - 2,max(n2)+4,min(x2) - 1, max(x2)+1]);
xlabel( 'n' ,'FontSize' ,8); ylabel( 'x_2(n)" , 'FontSize'
title(  'Sequence x_2(n)' , 'FontSize'  ,8);

ntick = [n2(1):4:n2(end) - 5 n2(end)];

set(gca, 'XTickMode' |, 'manual’ , 'XTick' ntick);
print -deps2 ./EPSFILES/P020 3b;

The plots of@ (n) is shown in Figure 2.14

8);

12
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Sequence x m}

# (i}

;HH" 'HMH HHT

-
22 18 14 10 -6 -2 2 6 10 14 18 22 25 30 34 38 43

n

Figure 2.14: Problem P2.3s2quence plot
3. x3(n) = sin(0.lan)[u(n) — u(n — 10)]. Plot 4 periods.

%% P0203c: x1(n) ={..., -2,-1012, -2,-1,0,1.2.}
periodic. 4 periods
clc; close all ;

n3 =[0:11]; x3 = sin(0.1*pi*n3).*(stepseq(0,0,11) -

stepseq(10,0,11));

x3 =x3"*ones(1,4); x3 = (x3(})); n3 = - 12:35];
Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0203c' );

Hs = stem(n3,x3, filled' ); set(Hs, 'markersize’ 2);
axis([min(n3) - 1,max(n3)+1,min(x3) - 0.5,max(x3)+0.5]);
xlabel( 'n' , 'FontSize' ,8); ylabel( 'x_3(n)" ,' FontSize'
title(  'Sequence x_3(n)' , 'FontSize'  ,8);

ntick = [n3(1):4:n3(end) - 3 n3(end)];

set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
print -deps2 ./EPSFILES/P0203c ;

The plots of@ (n) is shown in Figure 2.15
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Sequence x i)

1.5 T T T T T T T

S osf
0 o
ST R 0 P 8 12 16 20 2¢ 2 @
Figure 2.15: Problem P2.3sgquence plot
4. x4m)=A{..., 1, 2,3, .. - }periodic + {-- - % 2,3, 4, .. Jperiodic- 0 = n <24, What is the period of x4(12)?
%% P0203d x1(n) ={..., -2,-1012, -2,-1,0,1.2.}
periodic. 5 periods
clc; close all ;
n4 =[0:24]; x4a = [1 2 3]; x4a = x4a*ones(1,9); xd4a =
(x4a(:));
% There is tatolly 25 pionts between 0 and 24 and
therefore x4a and x4b both need another more
% period.
x4b =[1 2 3 4]; x4b = x4b*ones(1,7); x4b = (x4b(:))";
x4 = x4a(1:25) + x4b(1:25);
Hf 1 = figure;
set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0203d" );
Hs = stem(n4,x4, filled' ); set(Hs, 'markersize’ 2);
axis([min(n4) - 1,max(n4)+1,min(x4) - 1, max(x4)+1]);
xI abel( 'n" , 'FontSize' , 8);
ylabel( 'x_4(n)" , 'FontSize' ,8);
titte(  'Sequence x_4(n):Period = 12' , 'FontSize'  ,8);

ntick = [n4(1) :2:n4(end)];
set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
print -deps2 ./EPSFILES/P0203d ;

The plots of@ (n) is shown in Figur®.16
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Segquence xaln}:Period— 12
8 T T T T T T T T T T

Figure 2.16: Problem P2.3s&quence plot
P2.4

Let x(n) ={2,4,-3, 1,-5, 4, 7}. Generate and plot the samples (usatirafunction) of
y

the following sequences.

1. @ (n) = 2x(n- 3) + 3x(n + 4) x(n)

2. @ (n) =4x(4 + n) + 5x(n + 5) + 2x(n)

3.0 (n) =x(n+ 3)x(n2) +x(1- n)x(n + 1)

4.8 N)=2RA8 x(n) + cos(0LOL m)n xd n o+ 2)

Solutions

1. @(n) =2x(n-3) +3x(n+4) -x(n)

% P2.4

%% P0204a: x(n) = [2,4, -3,1, -54,7]; -3<=n<=3;

% x1(n) = 2x(n - 3)+3x(n +4) - X(n)

clc; close all ;

n=[ -3:3];x=1[24, -3,1, -54,7];

[x11,n11] = sigshift(x,n,3); % shift by 3

[x12,n12] = sigshift(x,n, -4); % shift by -4
[x13,n13] = sigadd(2*x11,n11,3*x12,n12); % add two
sequences
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[x1,n1]
Hf 1=

= sigadd(x13,n13,
figure;

set(Hf 1, 'NumberTitle'

Hs = stem(n1,x1,
axis([min(nl)

xlabel(
ylabel(
title(

ytick =

print

n' |, 'FontSize'

-x,n); % add two sequences

,'off ,'Name' , 'P0204a" );

filled' ); set(Hs, 'markersize’ 2);
- 1,max(nl)+1,min(x1) - 3,max(x1)+1]);

8);

'x_1(n)" ,'FontSize' ,8);

'Sequence x_1(n)

' , 'FontSize'  ,8); ntic k=nl;

[min(x1) - 3:5:max(x1)+1];
set(gca, 'XTickMode'
set(gca, 'YTickMode'
- deps2 ../EPSFILES/P0204a ;
The plots ofd (n) is shownin Figure 2.17

, 'manual" , 'XTick' ,ntick);
, 'manual" , "YTick' ,ytick);

Sequence x . (n)

25

20

15

101

x,(M)

-10 |

-15

-20

Figure 2.17 Problem P2.4.%equence plot

2. @ (n) =4x(4 +n) + 5x(n + 5) + 2x(n)
%% P0204b: x(n) =[2,4,
% x2(n) = 4x(4 + n) + 5x(n + 5) + 2x(n)
clc; close all ;

Hf 1 = figure;

set(Hf 1, 'NumberTitle'

n=|[

- 3:3]; x =[2,4,

-3,1, -54,7]; -3<=n<=3;

,'off , 'Name' , 'P0204b' );
- 3111 - 51417];
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[x21,n21] = sigshift(x,n, -4); % shift by -4

[x22,n22] = sigshift(x,n, -5); % shift by -5
[x23,n23] = sigadd(4*x21,n21,5*x22,n22); % add two
sequences
[X2,n2] = sigadd(x23,n23,2*x,n); % add two sequences
Hs = stem(n2,x2, filled' ); set(Hs, 'markersize’ 2);
axi s([min(n2) - 1,max(n2)+1,min(x2) - 4,max(x2)+6]);
xlabel(  'n' , 'FontSize' ,8); ylabel( 'x_2(n)" ,'FontSize' ,8);
title(  'Sequence x_2(n)’ , 'FontSize'  ,8); ntick = n2;
ytick = [ -25 -20:10:60 65];
set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
set(gca, 'YTickMode' ,'manual’ , "YTick' ,ytick);
print -deps2 ./EPSFILES/P0204b ;
The plots ofd (n) is shown in Figure 2.18
Sequence xz(n)
65 T T
60 - -
50 -
40 -
30 -
S 20} .
101 -
| | ]
° |
10 + | |
-20 [ -
_25 1 1 1 1 1 1 1 1 1 1 1 1
8 7 ® 5 4 3 2 1 0 1 2 3
Figure 2.18 Problem P2.4.8equence plot
3.8 () =x(n+3)x(n-2) +x(1-n)x(n+1)
%% P204c: x(n) =[2,4, -3,1, -54,7]; -3<=n<=3;
% x3(n) = x(n + 3)x(n - 2)+x(1 - n)x(n+1)
clc; close all ;
n=[ -3:3];x=[24, -3,1, -54,7], % given sequence x(n)
[x31,n31] = sigshift(x,n, -3); % shift sequence by -3
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[x32,n32] = sigshift(x,n,2); % shift sequence by 2

[x33,n33] = sigmult(x31,n31,x32,n32); % multiply 2
sequences
[x34,n34] = sigfold(x,n); % fold x(n)
[X34,n34] = sigshift(x34,n34,1); % shift x( -n) by 1
[x35,n35] = sigshift(x,n, -1); % shift x(n) by -1
[X36,n36] = sigmult(x34,n34,x35,n35); % multiply 2
sequences
[x3,n3] = sigadd(x33,n33,x36,n36); % add 2 seq uences
Hf 1 = figure;
set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0204c' );
Hs = stem(n3,x3, filled® ); set(Hs, 'markersize’ 2);
axis([min(n3) - 1, max(n3)+1,min(x3) - 10,max(x3)+10]);
xlabel(  'n' ,'FontSize' ,8); ylabel( 'x_3(n)" ,'FontSize' ,8);
title(  'Sequence x_3(n)' , 'Fon tSize' ,8);
ntick = n3; ytick = [ - 30:10:60];
set(gca, 'XTickMode' ,'manual’ , 'XTick' ,ntick);
set(gca, 'YTickMode' ,'manual’ , 'YTick'" ,ytick);
print -deps2 ./EPSFILES/P0204c ;
The plots ofd (n) is shown in Figure 2.19
Sequence X3(")
60 - | | -
50 -
40+ -
30 -
_20p -
101 -
. I
10 [ -
-20 -
-30 & | | | | | | | | | | | | -
6 5 4 3 2 A 0 1 2 3 4 5

Figure 2.19Problem P2.4.3equence plot
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4. @ (n)=2A8 x(n)+cog0.1 n)x(n+2),-100n 010

%% P0204d: x(n) = [2,4, -3,1, -54,7]; -3<=n<=3;

% x4(n) = 2*e™M0.5n}*x(n)+cos(0.1*pi*n)*x(n+2), - 10 <=n<
=10

clc; close all ;

n=[ -33;x=[24, -3,1, -54,7]; % given sequence x(n)

n4 = [-10:10]; x41 = 2*exp(0.5*n4); x412 =
cos(0.1*pi*n4);

[x42,n42] = sigmult(x41,n4,x,n);

[x43,n43] = sigshift(x,n, - 2);
[X44,n44] = sigmult(x412,n42,x43,n43);
[X4,n4] = sigadd(x42,n42,x44,n44),

Hf 1 = figure;

set(Hf 1, 'NumberTitle' ,'off ,'Name' , 'P0204d" );

Hs =stem(n4,x4, ‘filled' ); set(Hs, 'markersize’ 2);
axis([min(n4) - 1, max(n4)+1,min(x4) - 11,max(x4)+10]);

xlabel(  'n' ,'FontSize' ,8); ylabel( 'x_4(n)" , 'FontSize' ,8);
title(  'Sequence x_4(n)' , 'FontSize'  ,8);

ntick = n4; ytick = [ - 20:10:70];

set(gca, 'XTickMode' ,'manual ', 'XTick' ,ntick);
set(gca, 'YTickMode' ,'manual’ , 'YTick'" ,ytick);
print -deps2 ./EPSFILES/P0204d ;

The plots of@d (n) is shown in Figure 2.20



Figure 2.20Problem P2.4.4equence plot
P2.5

The complex exponential sequen8e  or the sinusoidadequence cos( n) are periodic if
thenormalizedfrequency "t T b—/\" is a rational number; that i) T — , whereK andN

are integers.

1. Prove the above result.

2. Generate exp(@ h -1000n O100. Plot its real and imaginary parts usingsten

function. Is this sequence periodic? If it is, what is its fundamental period? From the
examination of the plot what interpretation can you give to the int&gansiN above?

3. Generate and plobs(Q1n), -200n O20. Is this sequence periodic? What do you conclude
from the plot? If necessary examine the values of the sequence in MATLAB to arrive at your
answer.

Solutions

1. Analytical proof: The exponential sequence is periodic if

42











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































