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ECE 438 Final Exam Spring 2007

You have 120 minutes to work the following five problems.
Be sure to show all your work to obtain full credit,

The exam is closed book and closed notes.

Calculators are permitted.

(25 pts.) Consider the causal digital filter described by the following system
equation

n]=An]-yn-1]

a. (5) Find the response of this system for times n >0 to the input x[n]=u[n],
assuming that y[—1]=10.5.

b. (5) Find a simple expression for the frequency response H{w) of this system.
. (5) Sketch the magnitude |H ()| and phase /H(w) of the frequency response.

d. (5) Find the impulse response A[#n] for this system.

e. (5)Is this a stable system? Justify your answer.
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1. (continued)
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2. (25 pts.) Suppose that you wish to build a hardware system that will compute the
exact DFT of a length 1280-point signal. You have at your disposal a chip that will
compute a length 256-point FFT.

a. (12) Derive a set of equations that show exactly how to efficiently compute the
1280-point DFT using one or more of the 256-point FFT chips.

b. (7) Draw a block diagram for your system being careful to show all relevant
details.

¢. (3) Determine how many complex operations would be required to evaluate the
1280-point DFT directly.

d. (3) Determine how many complex operations would be required to evaluate the
1280-point DFT using your system with the 256-point FFT chips.
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3. (25) The digital synthesizer for voiced speech shown below operates at an 8 kHz

sampling rate.

e[n]

— ]

Vocal Tract
V(z)

s[n]

s(t)

The excitation is given by

D/A

eln]= i On—40k]

k=—oa

e

The vocal tract transfer function V(z) has poles and zeros at the locations shown

below:
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a.  (5) What is the pitch period in seconds?

b.  (6) Find the formant frequencies in Hz, and rank them according to their

strength, i.e. how peaked the vocal tract response is at the corresponding
frequency.

c.  (7) Sketch what a wideband spectrogram would look like for this utterance.

Be sure to label the pitch and formant information appropriately.

d.  (7) Sketch what a narrowband spectrogram would look like for this utterance.

Be sure to label the pitch and formant information appropriately.
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3. (continued)
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4. (25 pts) The three parts a), b), and ¢) below show three different continuous-space
2-D signals f (x,y), f,(x,¥), f.(x,»), respectively. For each signal, the shaded
(cross-hatched) areas have value 1 and the non-shaded (white) areas have value 0.

For each part a), b), and ¢) below, do the following:

i) Express the 2-D signal ( £, (x,p), f,(x,»), and £.(x,y) } in terms of
standard operators and special signals.

ii} Find the 2-D continuous-space Fourier transform (CSFT) ( F, (u,v),
F,(u,v), and F (u,v)) using standard transform relations and
transform pairs for special signals.

iii) Sketch the 2-D continuous-space Fourier transform (CSFT) ( F, (u,v),
F(u,v), and F (u,v)). Be sure to dimension your drawing completely.

The goal is convey the fact that you understand what the CSFT looks
like.

Hint: It will be most efficient to use your answer to part a} as the starting
point for deriving your answer to part b), and to use your answer to part b) as
the starting point for deriving your answer to part c).

a) (8) The 2-D signal f (x,y) consists of infinitely many vertical bars, each of

infinite length. Each bar has width 2/3. The bars are located on centers
separated by unit distance (1).
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b)  (8) The 2-D signal f,(x,y) consists of infinitely many vertical bars, each of

length 3. Each bar has width 2/3. The bars are located on centers separated by
unit distance (1).
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¢) (9) The 2-D signal f (x,y) consists of exactly 3 vertical bars, each of length

3. Each bar has width 2/3. The bars are located on centers separated by unit
distance (1).

Y
—

—

7
{Z
kv

|
3

1
N

B

g



O Falny) =g, (rece(32) |
Faluv)= comb, [+ swe(5u)) J (V)
A A
///
e B et .
g 1/./-? “u
e
Fn‘u‘u)
b> j(b(fx, D= rep, (rect ("-ft?i)) rect (34)
T:b (U, V) = BL.GML. [%5&\{(%1.{)] -.SC/'\C(3U)
AW
/) _
;o .
- o 7]
&
Fb!u,\])
<) Fe 1= FaI%9) veck (£o0 rece($Y)

ch (U,v) = -le",u) *o

Lot

G senc 3 U )snef3Y)
) Fc “’-“)




3 May 2007 11 ECE 438 Final Exam

5. (25 pts) Consider a spatial filter with point spread function h{m,n] given below

h[m,nl "
|—1 0 1
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a. (10) 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 9x9 set of pixels
in the input image.
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b. (12) Find a simple expression for the magnitude |H{p, v)| of the frequency
response of this filter, and sketch it along the [Land v axes, and the p = v axis.

c.. (3) Compare your results from parts a and b, and 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
region of 17s,
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5 c. This filter detects vertical edges in the image. From the magnitude plots in part b, we know that it
is high pass along the v direction and “no pass” along the 1 direction. So at the edge of the region
of all 1’s, the output has opposite signs in neighboring columns, which means a vertical edge. The DC
response of this filter is 0, so in the center of the region of all 1’s the output is 0.





