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EE538 Digital Signal Processing I Exam 1 Fall 2006
Problem 1. [50 points]

(a) Consider the symmetric sequence below which is one for —2 < m < 2 and zero for
|m| > 2. Is this is a valid autocorrelation sequence? Justify your answer.

Tew|m] = ulm + 2] — u[m — 3]

(b) Consider the symmetric sequence below. Is this is a valid autocorrelation sequence?
Justify your answer.

rax[m] = (3 — [m[)(u[m + 2] — u[m — 3])

(c¢) Let r,.[m] denote the autocorrelation sequence for the DT signal z[n]. Let y[n] =
x[n — n,|, where n, is an integer. Let r,,[m] denote the autocorrelation sequence for
the DT signal y[n|. Derive an expression relating r,,[m| and r,,[m]. That is, how is
ryylm] related to 7y, [m]?

(d) Let r,.[m] denote the autocorrelation sequence for the DT signal z[n]. Let y[n] =
e/ @ont0) zn], where w, is some frequency and @ is some phase value. Let r,,[m] denote
the autocorrelation sequence for the DT signal y[n]. Derive an expression relating
ryylm] and ry,[m]. That is, how is 7y, [m] related to r,,[m|?

(¢) Consider that the signal z[n] below, where a = 3, is the input to the LTI system
described by the difference equation in equation (2) below.
n 1 n—1
z[n] = a"u[n] — —a"uln — 1] (1)
a
1
yln] = Jyln = 1] + z[n] (2)

4

(i) Determine a closed-form analytical expression for the auto-correlation 7., [m] for
z[n], when a = 3. (Hint: examine the Z-Transform of z[n].)

(ii) Determine a closed-form analytical expression for the cross-correlation r,,[m| be-
tween the input and output.

(iii) Determine a closed-form analytical expression for the auto-correlation ry,[m| for
the output y[n].



EE538 Digital Signal Processing 1 Exam 1 Fall 2006

Problem 2. [50 points]
Consider the transmission of a pulse amplitude-modulated signal

o0

st)= > alklp(t — kT.)

k=—o00

where z[n] are the information-bearing symbols being transmitted which may be viewed as
a discrete-time sequence. In binary phase-shift keying, z[n] is either “4+1” or “-1” for all n.
1/T; is the symbol rate and p(t) is the pulse symbol waveform below

p(t) = cos ( mt

2T8> (u(t +T,) — ult —T3))

At the receiver, s(t) arrives by both a direct path and a multipath reflection having the
same strength and phase as the direct path but at a delay of T;. Denoting continuous time
convolution as *, the received signal, z,.(t), may be modeled as:

(1) = s(t) x g(t)
where ¢(t) is described below using 0(¢) to denote the Dirac Delta function.
g(t) =o(t) +0(t - T) (3)

Samples of the received signal at L times the symbol rate rate may be obtained via the
following discrete-time system.

nTg

ﬂ@a h [n] inhxr(L)

Figure 1.

Your primary task in this problem is to determine the appropriate filter impulse response
hin] for different values of L so that the output of the system above is what you would have
obtained if you had sampled the received signal at L times the symbol rate as specified.
NOTE: Correct answer for h[n] is different for each part (for each value of L.)

(a) For the case of L = 1, write a closed-form expression for the filter h[n| (the nonzero
values). Plot the magnitude of the DTFT of hln|, H(w), over -7 < w < 7.

(b) For the case of L = 2, write a closed-form expression for the filter h[n] (the nonzero
values). Plot the magnitude of the DTFT of h[n], H(w), over —1 < w < 7. The case
of L = 2 in Figure 1 may be alternatively implemented as in the block diagram in
Figure 2 on the top of the next page.



. hO[n] = h[2n]

O.

\ X, [n] = XI’ (&)
interleaver ~—» 2

x[n]

—o

hl[n] =h[2n+1]

Figure 2.

Using your answer for h[n] for this part (b), do the following:

(i) Write an expression for ho[n] = h[2n]. Plot the magnitude of the DTFT of hy[n/,
|Hop(w)|, over —m < w < 7.

(ii) Write an analytical expression for hi[n] = h[2n + 1|. Plot the magnitude of the
DTFT of hy[n], |Hi(w)], over —m < w < 7.

(c) For the case of L = 3, write a closed-form expression for the filter h[n].




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


