
ECE 320 Signals and Systems II

Matlab Project 2: DFT Analysis of Sinusoidal Signals

Issued: Wednesday, November15,2000 Due: Monday, November27,2000

Thepurposeof this exerciseis to explore theproblemof analyzingthefrequency contentof a signalusing
the DFT. Specifically, it usessinusoidsas test signalsto examinethe effects of windowing andspectral
samplingonfrequency resolution.Theprojectculminatesin ashortdesignproblemthatinvolvesestimating
thevibrationfrequenciesof apieceof machineryfrom measureddata.

I. Window Functions
Therearea numberof standardwindow functionsthatcanbeusedin DFT analysis.Two of themorecom-
mon windows arethe rectangular(or boxcar)window andthe Hammingwindow. The Matlab functions
boxcar andhamming canbeusedto generatethesewindows. Theargumentto eachfunctionis thewin-
dow length(numberof points).

Investigatethecharacteristicsof thesetwo windows. Firstplot thewindow asa functionof � for 3 different
lengths: 16, 64, 256. Then plot the correspondingfrequency responsemagnitudesfor these2 windows
and3 different lengths. Be sureto usea sufficient numberof pointsin the FFT calculation;1024should
be adequateto show the structureof the frequency response.Plot the log of the frequency response,i.e.,�������	��

�������������������

. Note: Pleaseusesubplot to consolidatetheseplotsfor easycomparison.

Briefly describeyourplotsanddiscusstherelative meritsof eachwindow.

II. Simulating a Sampled Sinusoid
Sampledsinusoidswill beusedastestsignalsin theremainderof thisproject.Write ashortMatlabfunction
that returnssamplesof thesignal ���	 ��!#"%$ �'& � over theperiod

�
to (*) secondstakenwith a samplerate

$�+
.

Theinputsto thefunctionshouldbe
$ �

(frequency of sinusoidin Hz), (�) (thelengthof thetime interval in
seconds),and

$�+
(thesampleratein Hz). Thefunctionshouldreturnthesamplesalongwith a time vector

for plotting against.You mayusethetemplatebelow for writing your function.Make surethatyou testthe
function,e.g.,useit to compute1 secondof a10Hz sinusoidsampledat1000Hz. Verify thatyoursamples
have aspacingof .001secondsandthatthesinusoidgoesthrough10 cyclesin 1 second.

function [x,t]=samp_sine(f0,Tw,fs)
%% SAMP_SINE Function to produce samples of a sinewave
%% The user specifies the sinusoid frequency, the length of
%% the time interval, and the sample frequency.
%%
%% Usage:
%% [x,t]=samp_sine(f0,Tw,fs)
%%
%% Variables:
%% f0 = frequency of the sinusoid (Hz)
%% Tw = length of time interval (seconds)
%% fs = sampling frequency (Hz)
%%
%% x = samples of the sinusoidal signal
%% t = vector of sample times (for plotting)
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III. DFT Analysis Design Tradeoffs
Note: Your writeup for this part shouldincludeplots, a brief descriptionof the plots andanswersto the
questionsposedin eachsection.IncludeyourMatlabcodeasanappendixat theend.

A. Impact of DFT Length on Resolution
Considerthefollowing testsignal:

, � & ��- ���	 ��!#".�/�������0� & �21 ���	 ��!#".�/�������0� & �31 ���	 ��!#".��4#�����0� & � (1)

Generatean 0.0024secondsampleof thesignal , � & � usinga samplerateof 10,000kilohertz. (The
resultingsignal ,25 �*6 shouldcontain25 samples). Using both typesof windows (rectangularand
Hamming)computewindowed DFT’s of threedifferent lengths: 25, 128, 1024. In other words,
multiply ,35 �*6 by 7 5 �*6 , where7 5 �*6 is theappropriate25-pointwindow (rectangularor Hamming)and
thenuseMatlab’s fft to computethediscreteFouriertransform.Notethatthe128-pointand1024-
point transformswill bezero-padded.Plot themagnitudeof your resultsasa functionof continuous-
time frequency. SeetheHintssectionfor helpin calculatingthevectorof frequenciesto plot against.

Answerthefollowing questions:

8 How do therectangularwindow resultscompareto theHammingwindow results?
8 Areyouabletoseefromthefrequency responsemagnitudethatthesignalcontainsthreeseparate

sinusoids?If so,for whichDFT lengthcanyoudistinguishthesinusoids?
8 WhatdoesincreasingtheDFT lengthaccomplish?

B. Impact of Window (Data) Length on Resolution
Now considerkeepingthe DFT lengthfixed while usinglongerintervals of samplesof , � & � (Equa-
tion 1). Compareresultsfor thefollowing datawindow lengths:0.0024seconds,0.0049seconds,and
0.099seconds.(Theseshouldresultin 25-point,50-point,and100-pointsignallengths,respectively.)
Compute1024-pointDFT’s for eachandplot the frequency responsemagnitudes.Again compare
resultsfor boththerectangularandHammingwindows.

Answerthefollowing questions:

8 How do therectangularwindow resultscompareto theHammingwindow results?
8 Areyouabletoseefromthefrequency responsemagnitudethatthesignalcontainsthreeseparate

sinusoids?If so,for whichDFT lengthcanyoudistinguishthesinusoids?
8 Whatdoesincreasingthelengthof thedatawindow accomplish?

C. Window Type: Sidelobe Levels and Leakage

In this part you will considerhow a high-amplitudesinusoidmight maska low-amplitudesinusoid
dueto leakageeffects(causedby thedatawindow). Consider2 sinusoidalsignals,, � and ,:9 , with
differentamplitudes: , � � & �.- ���	 ��!#".��;#�0� & � (2)

, � � & �.-<�>=?�@4>� ���	 ��!#".�BA�AC=D;@� & � (3)

Samplethesesignalsat a rateof 1,000Hz over aninterval of 0.127seconds,to obtainthe128-point
signals, � 5 �*6 and ,�9#5 �*6 . Let ,35 �*6 - , � 5 �*6 1 ,:9�5 �*6 .
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Usea DFT lengthof 1024-pointsto computethe windowed transformsof the total signal ,35 �*6 and
thesignal , � 5 �*6 by itself. Comparethe resultsfor two differentwindows: 128-pointrectangularvs.
128-pointHamming.Useplotsof

���E�F��
:����� GH�
and

���E�F��
I����� G � �
to make yourcomparisons.

Answerthefollowing questions:

8 Describewhatyouobserve in theseplots.
8 How do thesidelobelevelsof thewindows affect theresults?
8 Whichwindow(s) allow you to detectthepresenceof bothsinusoids?Why?

IV. Design Problem
You have recentlybeenhired as a consultantfor Elections-R-Us,Inc, a company that makes punchcard
ballot countingmachines.They areunderpressureto ship a large quantityof new machinesin the next
week,andthey needyourhelpto fix aproblem.Thesemachinescycle throughtheballotsrapidlyandcount
themextremelyaccurately. Theproblemis thatoccasionallyoneof themechanicalrollersbecomesstuck,
andthis cancauseseveredamageto themachineif it goesundetectedfor a significantperiodof time. The
company engineershavedeterminedthatit is possibleto detectthisstuckconditionby lookingat theoutput
of avibrationsensorlocatedon thecase.During normaloperationthemachinevibratesat60 Hz, but when
aroller becomesstuck,anadditionalharmonicvibrationat59.25Hz is alsopresent.Thiserror-modevibra-
tion hasanamplitudethatis 20 dB lessthanthe60 Hz vibration.

Theengineersinform you thatthevibrationsensoris sampledat 1,000Hz. They planto implementaDFT-
basedprocessor(asdiscussedabove) thatwill displaya spectrumon a screenso that theoperatorcantell
whenthereis a jamandturn themachineoff.

Yourtaskis to determinehow longasampleof thesignalis requiredto determineif theerror-modevibration
is presentandto decideall thenecessaryparameterof theDFT-basedprocessing.Thegoal is to beableto
detecttheerrorvibrationin asshorta timeaspossible.

Your writeupfor this partbea shortmemo,written for a presidentof thecompany who needstheinforma-
tion but doesnot have muchtime to readit (becausesheis constantlybeinginterview by CNN). It should
beconcise,but complete.Includea few plotsto confirmyourdesign.

Feelfree to useotherstandardwindows availablein Matlab if you wish. Someof theseare:bartlett,
hanning, blackman, kaiser.
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Hints on plotting the frequency responses

Plotting thefrequency responserequiresobtaininga vectorof frequenciesto plot against.As discussedin
class,thediscrete-timefrequency vectormaybedefinedas:

w=(2*pi/N)*[ 0:(N-1) ]’; % Set up vector of omegas: 0 to 2pi

In this casethesamplesrangefrom 0 to
!#"

. For plotting it is sometimesusefulto have thesamplesgo from
J " to

1�"
. Thefftshift commandcanbeusedto rearrangethesamplesof thespectrumfor plotting this

way, e.g.,Xnew=fftshift(X). You will needa new vectorof frequency samplesto plot Xnew against.
Thefollowing Matlabcommandscomputethenew frequency vectorandstorebackin thevariablew:

mid=ceil(N/2)+1;
w(mid:N)=w(mid:N)-2*pi; % move [pi,2pi) to [-pi,0)

Note: For this project,you needto convert your discrete-timefrequency to continuous-timefrequency (by
theusualtransformation)andthendivide out

!#"
to geta frequency vectorin Hz.
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