28 April 2008 Name: Ke)l

ECE 438 Final Exam Spring 2008

. You have 120 minutes to work the following four problems. Each problem is worth
30 points.

. Be sure to show all your work to obtain full credit.

. The exam is closed book and closed notes.

. Calculators are permitted.

1. (30 pts.) Consider the two different digital systems described by the two input-
output relationships shown below. For each system, please answer the following
questions:

1. (1) Is this system linear?

1. (1) Is this system time-invariant?

1i1. (1) Is this system causal?

1v. (1) Is this system memoryless?

v. (1) Is this system BIBO stable?

vi. (5) Find the response y[n] of the system to the following input

(0, n<o

1, n=0,1
x[n]=<4, n=2734
9, n=5,678"9
0, n>9

vii. (5) Find simple expressions for the magnitude and phase of the frequency
response of the system. Here we define the frequency response H(w) as the

ratio of the output y[n] to the input x[x], when the input is x[n]=e’*".

Note: Your answers to parts i) through v) should just be “yes” or “no”. No
justification is needed, and no partial credit will be given.

a. (15) System 1 (arithmetic mean): y[n]= %(x[n] +x[n-— 1])

1

b. (15) System 2 (geometric mean): y[»]= (x[n]ex[n— 1)
@ atn] = %()&D\"} + xin- rj)
W yes, Linear
U yes, time — invasciant
Gy yes, € ause
(v) No Dok memor);kss
W) yess BIRO stable
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1. (continued)
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1. (continued)
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2. (30 pts.) FFT and DFT

a. (20) Suppose that you wish to build a hardware system that will compute the
exact DET of a length 640-point signal. You have at your disposal a chip that will
compute a length 128-point FFT.

1. (10) Derive a set of equations that show exactly how to efficiently compute
the 640-point DFT using one or more of the 128-point FFT chips.

ii. (5) Draw a block diagram for your system being careful to show enough detail
to clearly indicate the overall structure.

it. (2) Determine approximately how many complex operations would be
required to evaluate the 640-point DFT directly.

v. (3) Determine approximately how many complex operations would be
required to evaluate the 640-point DFT using your system with the 128-point
FFT chips.

Here a complex operation consists of one complex multiplication and one
complex addition.

b. (10) Suppose that you have an N -point signal x[r], #=0,...,N —1, and that you
create a 2N -point signal y[n], n=0,...,2N —1 by simply repeating x[n]; so

3 x[n], n=0,.,N-1
yinl= x[n=N] n=N,..,2N-1

Find a simple expression for the 2N -point DFT Y*"[k], k=0,...,2N —1 of
y[nlin terms of the N -point DFT X"[k], k=0,...,N -1 of x[n].
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2. (continued)
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2. (continued)
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3.

eh) \'Q/Ct(‘t/O-OOS) = {
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(30) The short-time Fourier transform of the signal s(¢) can also be defined for
continuous time as follows:

S(f )= j s(OWw(t —1)e > dr

Here, the first argument fin the short-time continuous-time Fourier transform
(STCTFT) S(f,t) denotes the short-time frequency of the signal s(7)in units of
Hertz and the second argument ¢ denotes the location in units of seconds of the
center of the window function w(—(r - t)) that is used to time-limit the speech

signal s(7).
Consider the specific signal

s(t) = Tep, o, [ cos(27(1000))rect(? / 0.005)],
that may be regarded as a simple model for a voiced speech waveform that contains
just one formant frequency. (Here # is in units of seconds.)
a.  (6) Carefully sketch the waveform s(¢), being sure that your sketch is
accurate, and that you have labeled the dimension of each important quantity.
b.  (2) What are the pitch period and formant frequency for this waveform?

c.  (8) Assume that the window function is w(7) = rect(7 / 0.005) . Compute the
exact STCTFT S(f,¢) for the times =0 and f = 0.005.

d.  (3) Based on your answer to part ¢) above, approximately sketch the
spectrogram S( f, ¢) for all times ¢, being sure to label all important quantities.

Is this spectrogram narrowband or wideband?

e.  (8) Assume that the window function is w(7) = rect(t/0.1). Compute the
exact STCTET S(f,t) for the time £ =0.

f.  (3) Based on your answer to part ) above, approximately sketch the
spectrogram S(f,¢) for all times ¢, being sure to label all important

quantities. Is this spectrogram narrowband or wideband?

Note: In working this problem, you should use, as much as possible, the standard
transform relations and transform pairs for the CTFT that can be found on the
formula sheet.

:
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3. (continued)
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3. (continued)

3.@ Wide/kqx\é S ec;h—o%mm
SHLEY 2-0lo secords aF«rt

sa 1111

@ t:zo0. wT)=rtect(t/0 1) '
> e “ﬁm{g
5({,0)= 3 rqsom[ (os(2x Liooot Yrede (T /q _aos‘ﬂ re,(:t("gj”\‘> €, T

sivailar to Fart (O but mast  wse relockion

rqb_‘,[x(t)} > =0 s _%D( 1 .

W)= WE‘M

tecatl 1 yied = 052K (1o001)) rect (t/0.00g ), e

!

VB = 0.0025 Ysinc(0-00S5f ~1000)) + Sinc (0.5 3000)) Z{

5(§.0) = _L\ com\s__}i\/(‘()] # o sinc (o §7

0-0\

:imoi y{ loo k}zﬂf“‘ WO@)% 5 o \sincCoM )

be—
ODQ Z
= lo 2. Y(ookd % é(_{"‘ﬁoo‘k) ,)a‘ainc(o-\ﬁ\ 1
he-® |
o
= |0 Z Vloeok) sinc (0.1 (f-100%) ) ?
o \ <(Look- 1oao!
where  y(ilook) = o,oozs%S;nc(o-oos(\oo\vlooo}\)—% Sindd 0.00S ook %m\ﬁ}%
2D

%%) NGTOW b@A 10066 fau Y ‘oo wz “\’N’i
S?chrw@mm '

1000 % ‘ootz &?ar’t




28 April 2008 10 ECE 438 Final Exam

4. (30 pts) Consider a spatial filter with point spread function A[m, n] given below

hf{m, n] n
l -1 0 1
-1-1 o
0Olo v ¢
iy o -

a. (13) Find the output g[m, n] when this filter is applied to the following input
image. You may assume that the boundary pixel values are extended beyond the
boundary. You need only calculate the output over the original 11x 11 set of
pixels in the input image.
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b. (12) Find a simple expression for the frequency response H (i, V) of this filter,
and sketch the magnitude |H (i, v)| along the p axis, the v axis, the 1 = v axis,
and the u =-v axis. (Note: This filter is not separable. You just have to
compute the 2-D Discrete-space Fourier transform directly.)

¢. (5) Using your results from parts a) and b), explain what this filter does. Relate
spatial domain properties to frequency domain properties. Be sure to examine
what happens at each edge of the region of 1’s above, and how this relates to the

frequency domain, as well as what happens in the center of the re gion of 1’s and
in the border of 0’s that surrounds the non-zero portion of the image.
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4. (continued)
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4.  (continued) \ H(u,O)\
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