EE4150 Digital Signal Processing
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Question 1 (25%)

o0
A periodic triangular trains(f)= 3, ri(
k=-w
; T/2-
quantized, where tri(m) ={" /9 ° |’| <T/2 as below.
0, elsewhere

I;HkZT) needs to be sampled and then

s x(n) w»)
——p A/D |——»| Quantizer ——p

We sample s(f) at £ =0, :t%, i%f:, i%, ....,%T—, ....... , to form x(n)y=s(nT /4) where n is

any integer.
(&) What is the fandamental period N, of x(n)? (5%)
(b} What is the sequence x(#) within the fundamental interval 0<n<N,-17(5%)

(c) What is the mean squared quantization error between x(n) and the quantized signal

¥(n), if four quantization intervals are applied? {Hint: A =~xmax—;xm—i£ and

A
() = {xmin +kA+—2-, if X +FA < x(1) < Xpin +(k+1)A’ k=0]123

¥max> I ¥(H) = Xpmayx

y (15%)




Answer to Question 1:
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Question 2 (25%) |

A linear-time-invariant system transfer function can be described as a rational Z-
(z-0.5)

(z% +1.12+0.3)

YED#0, y(-2)20, p(-3)=y(-4)=y(-5)=..=0.

(a) What is the corresponding difference equation for this LTI system? (5%)

. Initial conditions of the output response are given by

transform H(z)=

(b) What is the zero-state response for a unit-step input sequence? (15%)

(¢) What is the output response for a unit-step inpizt sequence? (5%)
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Question 3 (25%)

A linear-time-invariant BIBO stable system can be described as a rational Z-transform

1
(1—az )P (1-bz71)4

H(z)= , where p, ¢ can be any positive integers. The impulse

response /() can be derived through the inverse Z-transform.

(a) If 1>a>b>0, what is the requirement for » where # is the radius of contour C: |z| = r we
need to do the contour integral? (5%)

b If a>1>b>0, what is the requirement for r where 7 is the radius of contour C: |z} = r we
need to do the contour integral‘? (5%)

{(c) What is the impulse response h(n) given that 2>1>b>0 and p=¢=27? (15%)
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Answer to Question 3:
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Question 4 (25%)

A dig.ital signal x(») is downsampled to form a new sequence y(s)=x(2n). On the other
hand, x(x) is upsampled to form a new sequence z(») such that z(Nn+k)=x(n), k=0,1,2...,
(N;l), where ¥ is an arbitrary positive integer. The discrete-time Fourier transforms for

x(n), y(n), z(n) are X{ @), ¥(&) and Z(w) respectively.

(2) What is the relationship between x(2n) and x(2n+1) if X (@)=Y Qw)[1+¢/?]?
(15%)
(b) What is Z(w) in terms of X(@)? (10%)
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