EE 451
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1. Problem10.8from the Text.

2. Considetthe systembelow:
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(a) For M = 2, make anappropriatelylabeledsketchof V (¢/*), W (e?*), andY (e/*). Be sureto
labelsignificantamplitudesandfrequencies.

(b) For M = 2, determineand sketch the magnitudeof the frequeny responsdor the overall

system|H, ¢ (e?)].

(c) For M = 6, make anappropriatelylabeledsketchof V (e/«), W (e/*), andY (e’*). Be sureto
labelsignificantamplitudesandfrequencies.

(d) For M = 6, determineand sketch the magnitudeof the frequeng responseor the overall

system|Hey;(e/)|.
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3. Supposeyou obtaineda sequence|n] by filtering a speectsignal s.[t] with a continuous-timdow-
pasdilter with a cutof frequeng of 5 kHz andthensampledt ata 10 kHz rate,asshavn below:
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Lateryoufind thatwhatyou shouldhave donewasto filter the signalat 3 kHz andsampleit at6 kHz:
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Develop a methodto obtain s;[n] from s[n] usingdiscrete-timeprocessing.If your methodusesa
discretetime filter, you shouldspecifythe frequeng responsef the filter. (You may useanideal
filter.)

4. Youaregivenadigital audiotape(DAT) of somemusic,andareasledto transferthe musicto a CD.
You wantto presere the information on the DAT tapewith frequenciesrom 0 to 20 kHz, with a
passbandipple of at most0.5 dB. Any high-frequeng aliasinto a low-frequeng signalshouldbe
attenuatedby atleast80 dB. Designa systemto do this.

(a) Draw a single-stagemplementation(one up-samplefollowed by a LPF followed by a down-
sampler)of the system|ik e the onediscussedn class.

(b) What are the specificationsof the low passfilter — gain, passbandrequeng, stopbandfre-
queng?

(c) Supposgouwantto implementthisfilter with anFIR filter usinga Kaiserwindow. Whatorder
of filter doyouneed?

(d) UseMATLAB to find the coeficientsfor your filter. (If the orderof your filter is muchlarger
than3,000,limit the orderto order3,000s0the next partwill nottake anexcessie amountof
computettime.) Plottheimpulseresponsef thefilter.

(e) UseMATLAB to generata signalwith afrequeng of 5 kHz, sampledhe DAT frequeng:

FS_DAT = 48e3; % DAT Sanpl i ng Frequency

F1 = 5e3; % Frequency of input signal

t _DAT=0: 1/ FS_DAT: 0. 01; % Ti me vector at DAT frequency
n_DAT = 1:1ength(t_DAT); % | ndi ces of tines

x1 DAT = cos(2*pi *F1*t _DAT); % | nput signal sanpled at DAT freq

Processhis signalwith the systemyou designedn Parta, usingthefilter youdesignedn Partd.
To putL-1 zeroshetweereachsampleyou cando somethindik e this:
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n_up = 1:(length(n_DAT)*L); % | ndi ces of up-sanpl ed signal

x1 up = zeros(size(n_up));: % Start with all sanples 0
it = 1:.L:length(n_up); % Fi nd i ndex of sanples which will have data
x1 up(ii) = x1_DAT, % Put data into every L'th sanple

You canfilter your signalwith MATLAB’sfi | t er () function,whereh is theimpulsere-
sponsef yourfilter:

yl up = filter(h,1,x1 up); % Filter up-sanpled signal with FIRfilter

You canthendownsampleo the CD rateby takingevery M’ th sample:

FS CD = 44. leg; % CD sanpling frequency

yl CD = y1 up(1l:Mlength(yl up); % Take every Mth sanple to downsanpl e
n_CD = 1:.length(yl_CD); % | ndi ces of down-sanpl ed signals

t_CD = n_CD/ FS_CD; % Ti me vector for down-sanpl ed signal

Plotthesignalyicp|n] (vS. tcp) andcomparat with z1p a7 [n] (plottedvs. ¢p ar). Do thetwo
signalslook similar?

(f) Repeatheabore partfor aninputsignalof frequeng 20 kHz.



