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Digital Signal Processing
Midterm 3
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Instructions

e Total time allowed for the exam is 80 minutes
e Some useful formulas:

— Discrete Time Fourier Transform (DTFT)

X (&) = i znje~dn

n=-—0oo

— Inverse Fourier Transform (IDTFT)

z[n] = L /21r X (e7°) e dw
h 2w J_on '
— Z Transform

o0

X(2) = Z z[n)z™"

n=—0o




1. (45 points) Decide whether the statements below are true or false. If true give a proof. If

false give a counterexample.
a. (15 pts)  The bilinear transform method of filter design gives a uniquely invertible

mapping between rational continuous transfer functions H,(s) and discrete-time rational transfer

functions Hy(z) once Ty has been specified.
ie. Given that Hy(2) was obtained from some particular H,(s) using a particular Ty, it could

not have been obtained from any other H/(s) using that same Tj.
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b. (15 pts) The impulse-invariance method of filter design gives a uniquely invertible
mapping between rational continuous transfer functions H,(s) and discrete-time rational transfer
functions Hgy(z) once T4 has been specified.
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c. (15 pts) The windowing method of FIR filter design gives a uniquely invertible map-
ping between rational continuous transfer functions H.(s) and discrete-time rational transfer
functions Hg(z) once the window-function W has been specified.
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2. (80 points) We wish to design an FIR filter to approximate a desired Hy(e/*) response that
corresponds to a real impulse response and is furthermore both real and strictly positive at all
frequencies w.

You have chosen to implement the FIR filter using an 11 point triangular (Bartlett) window
wln]. It turns out that hln] = hgln]w[n] has acceptable characteristics in frequency domain.

(hg[n] is obtained from the IDTFT of Hy)

Show how to calculate coefficients for both a direct form implementation as well as an imple-
mentation as a cascade of two 6 point FIR filters.
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3. (90 points) Consider a stable causal continuous-time system with rational transfer function:

s+c¢

He(e) = Grapg+s

a. (10 pts) Where are the poles and zeros of this continuous-time system as a function
of the real numbers a,b,c. Sketch the various cases that can occur and label which cases are
compatible with the stable causal assumption.

H(y = °F° = poles ok ~ax b
c CS+G*J':;>>(‘5*&"F\—°> '}doﬁ ok -€

e 0 <¢Oo,Pp<®
coox § -0 TS "O“"FT'D1>O
ok Aeost one Y’CA‘L‘O”‘M
N plomne
) T, 5y 4 e
lo - b0t  woenphon

. O, b»0
Cgég}. o &

Aok

e

. ‘ >0
— CMQE—.‘ o-> > 7

Core V- —

/

| Compoltble




b. (15 pts) Suppose now that & < 0. Use impulse-invariance to determine a discrete time
system H;(z) such that hin] = h.(nT).
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c. (40 pts) Draw how to implement the system H;(z) using Direet Form 1, Direct Form
2, Cascade Form, and Parallel Form.
Comment on the quantitative impact of rounding noise in each case.
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d. (15 pts) Continue to assume b < 0. Figure out a discrete-time system H,(z) such that

T

nl
> hlkl= [ he(r)ar
k=-00 e

Is it rational? (Hint: this corresponds to invariance under a step-input)
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e. (10 pts) Is Hi(z) = H,(z) always, sometimes, or never?
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