ECE 320 Signalsand Systemsl1
Matlab Project 2. DFT Analysis of Sinusoidal Signals

Issued: WednesdayNovemberl5, 2000 Due: Monday November27,2000

The purposeof this exerciseis to explore the problemof analyzingthe frequeng contentof a signalusing
the DFT. Specifically it usessinusoidsastestsignalsto examinethe effects of windowing and spectral
samplingonfrequeng resolution.Theprojectculminatesn ashortdesignproblemthatinvolvesestimating
thevibrationfrequencie®f a pieceof machineryfrom measurediata.

I. Window Functions

Therearea numberof standardvindow functionsthatcanbe usedin DFT analysis.Two of themorecom-
mon windows are the rectangular(or boxcar)window andthe Hammingwindow. The Matlab functions
boxcar andhanmm ng canbeusedto generateahesewindows. Theagumentto eachfunctionis the win-
dow length(numberof points).

Investigatehe characteristicef thesetwo windows. First plot thewindow asafunctionof n for 3 different
lengths: 16, 64, 256. Then plot the correspondingrequeng responsanagnitudedor these2 windows
and 3 differentlengths. Be sureto usea sufficient numberof pointsin the FFT calculation;1024 should
be adequatdo shav the structureof the frequeng response Plot the log of the frequeng responsei.e.,
10 * logy, |[W (¢7)|. Note: Pleasausesubpl ot to consolidateheseplotsfor easycomparison.

Briefly describeyour plotsanddiscusgherelative meritsof eachwindow.

I1. Simulating a Sampled Sinusoid

Sampledsinusoidswill beusedastestsignalsin theremaindeof this project. Write ashortMatlabfunction
that returnssampleof the signalsin(27 fyt) over the period0 to T, secondgakenwith a samplerate f.
Theinputsto thefunctionshouldbe f; (frequeng of sinusoidin Hz), T, (thelengthof thetime interval in
seconds)and f, (the sampleratein Hz). Thefunctionshouldreturnthe samplesalongwith atime vector
for plotting against.You may usethetemplatebelow for writing your function. Make surethatyou testthe
function,e.g.,useit to computel secondf a 10 Hz sinusoidsampledat 1000Hz. Verify thatyour samples
have a spacingof .001secondsindthatthe sinusoidgoesthroughl0 cyclesin 1 second.

function [x,t]=sanmp_sine(f0, Tw, fs)
%% SAMP_SINE Function to produce sanples of a sinewave

%o The user specifies the sinusoid frequency, the |length of
%o the tine interval, and the sanple frequency.
W

%% Usage:

%% [x,t]=sanp_sine(fO, Tw, fs)

W

%6 Vari abl es:

%o fO = frequency of the sinusoid (Hz)

%% Tw = length of tine interval (seconds)

%% fs = sanpling frequency (Hz)

W

%o x = sanpl es of the sinusoidal signal

%o t = vector of sanmple tines (for plotting)



I11. DFT Analysis Design Tradeoffs
Note: Your writeup for this part shouldinclude plots, a brief descriptionof the plots and answergo the
qguestiongposedn eachsection.Includeyour Matlabcodeasanappendixattheend.

A. Impact of DFT Length on Resolution
Considerthefollowing testsignal:

z(t) = sin(27(1000)t) 4 sin(27(1100)t) + sin(27(3000)¢t) (1)

Generatean 0.0024secondsampleof the signalz(¢) usinga samplerateof 10,000kilohertz. (The
resulting signal z[n] should contain25 samples). Using both types of windows (rectangularand
Hamming) computewindoved DFT’s of threedifferentlengths: 25, 128, 1024. In otherwords,
multiply z[n] by w[n], wherew[n] is theappropriate5-pointwindow (rectangulaor Hamming)and
thenuseMatlab’s f f t to computethe discreteFouriertransform.Notethatthe 128-pointand1024-
pointtransformswill be zero-paddedPlot the magnitudeof your resultsasafunction of continuous-
time frequeng. Seethe Hints sectionfor helpin calculatingthe vectorof frequenciego plot against.

Answerthefollowing questions:

e How dotherectangulawindow resultscomparego the Hammingwindow results?

e Areyouableto seefromthefrequeng responsenagnitudehatthesignalcontainghreeseparate
sinusoidsaf so,for which DFT lengthcanyou distinguishthe sinusoids?

¢ Whatdoesincreasinghe DFT lengthaccomplish?
B. Impact of Window (Data) L ength on Resolution
Now considerkeepingthe DFT lengthfixed while usinglongerintenvals of samplesof z(t) (Equa-
tion 1). Compareesultsfor thefollowing datawindow lengths:0.0024seconds(.0049secondsand
0.099seconds(Theseshouldresultin 25-point,50-point,and100-pointsignallengths respectiely.)

Computel024-pointDFT’s for eachand plot the frequeng responsemagnitudes.Again compare
resultsfor boththerectangulaandHammingwindows.

Answerthefollowing questions:

e How dotherectangulawindow resultscomparego the Hammingwindow results?

¢ Areyouableto seefromthefrequeng responsenagnitudehatthesignalcontainghreeseparate
sinusoidsaf so,for which DFT lengthcanyou distinguishthe sinusoids?

¢ Whatdoesincreasinghelengthof the datawindow accomplish?

C. Window Type: Sidelobe Levelsand L eakage

In this partyou will considerhow a high-amplitudesinusoidmight maska low-amplitudesinusoid
dueto leakageeffects (causedy the datawindow). Consider2 sinusoidalsignals,z; andzo, with
differentamplitudes:

z1(t) = sin(27(50)t) (2)

z1(t) = 0.031 sin(27(77.5)t) 3)

Samplethesesignalsat arateof 1,000Hz over anintenval of 0.127secondsto obtainthe 128-point
signalszy[n] andzy[n]. Let z[n] = z1[n] + z2[n].



Usea DFT lengthof 1024-pointsto computethe windowed transformsof the total signal z[n] and
the signalz;[n] by itself. Comparethe resultsfor two differentwindows: 128-pointrectangulaws.
128-pointHamming.Useplotsof 10 log;, | X | and10log;, | X1 | to make your comparisons.

Answerthefollowing questions:

e Describewhatyou obsenre in theseplots.
e How dothesidelobdevelsof thewindows affecttheresults?
¢ Whichwindow(s) allow youto detectthe presenc®f bothsinusoids2Vhy?

IV. Design Problem

You have recentlybeenhired as a consultantfor Elections-R-Us|nc, a compary that makes punchcard
ballot countingmachines. They are underpressurgo ship a large quantity of nev machinesn the next
week,andthey needyour helpto fix a problem.Thesemachinegycle throughtheballotsrapidly andcount
themextremelyaccurately The problemis thatoccasionallyoneof the mechanicatollers becomesstuck,
andthis cancauseseveredamageo the machineif it goesundetectedor a significantperiodof time. The
compaly engineerfiave determinedhatit is possibleto detectthis stuckconditionby looking atthe output
of avibrationsensotocatedon the case.During normaloperationthe machinevibratesat 60 Hz, but when
aroller becomestuck,anadditionalharmonicvibrationat 59.25Hz is alsopresent.This errormodevibra-
tion hasanamplitudethatis 20 dB lessthanthe 60 Hz vibration.

Theengineersnform you thatthevibrationsensolis sampledat 1,000Hz. They planto implementa DFT-
basedbrocessofasdiscussedbove) thatwill displaya spectrumon a screenso thatthe operatorcantell
whenthereis ajam andturn the machineoff.

Yourtaskis to determinenow long asampleof thesignalis requiredto determinaf theerrormodevibration
is presentandto decideall the necessarparameteof the DFT-basedorocessingThe goalis to be ableto
detecttheerrorvibrationin asshortatime aspossible.

Yourwriteupfor this partbe a shortmemo,written for a presidenf the company who needgheinforma-
tion but doesnot have muchtime to readit (becausesheis constantlybeinginterviev by CNN). It should
be concise put complete Includeafew plotsto confirmyour design.

Feelfreeto useotherstandardvindows availablein Matlabif you wish. Someof theseare:bartl et t,
hanni ng, bl ackman, kai ser.



Hintson plotting the frequency responses

Plotting the frequeng responseequiresobtaininga vectorof frequenciedo plot against.As discussedn
classthediscrete-timdrequenyg vectormaybedefinedas:

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

In this casethe samplegangefrom O to 27. For plotting it is sometimesisefulto have thesamplegofrom

—mto+n. Thef ft shi ft commandtanbeusedto rearrangehe sampleof thespectrunfor plotting this

way, e.g.,.Xnew=f f t shi ft ( X) . Youwill needanew vectorof frequenyg sampledo plot Xnew against.
Thefollowing Matlabcommandsomputethe new frequeng vectorandstorebackin the variablew.

m d=cei | (N 2) +1;
w(nmi d: N)=w(nid: N)-2*pi ; % nove [pi,2pi) to [-pi,0)

Note: For this project,you needto cornvert your discrete-timerequeng to continuous-timdrequeng (by
theusualtransformationjpndthendivide out 27 to geta frequeng vectorin Hz.



