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1. (a) (5%) Prove that the autocorrelation function R x(7) of a wide-sense stationary (WSS) process X(¢)
always peak at zero, namely, |R,(7) <R, (0).

(b) (5%) Prove that the output Y(¢) of a stable linear-time-invariant (LTI) filter (with impulse response
h(t)) due to a WSS input X (¢) is also WSS.

2. For an informational signal m(z), write down the mathematical expression of the corresponding analog
transmission passband signal of the following, if the carrier is A4 Lcos(2nft).

(a) (2%) Amplitude modulation (DSB-C) with amplitude sensitivity k.
(b) (2%) Frequency modulation with frequency sensitivity ke
(¢) (2%) Phase modulation with phase sensitivity kp.

(d) (6%) Explain in words on (i) threshold effect; (ii) noise quieting effect; (iil) capture effect for an FM
receiver.

3. In the figure below, b, € {0,1} is the input data at time instant &, {a, =(2b, ~1)d};__,, are unit impulses

with amplitude +d, s(¢) = Z:::_m a,-g(t—kT,), and G(f), H(f) and C(f) are transfer functions
corresponding to the impulse responses g(¢), A(¢) and c(¢), respectively.
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(a) (6%) In absence of noise w(z) (namely, w(z)= 0), determine y(i7,) if g(¢) and c(¢) are selected
such that
p() = [ GUNH()C(f)exp{j2aftydt
satisfies that p(i7,) =0 forall i#0,and p(0)=1.

(b) (6%) In presence of the zero-mean additive white Gaussian noise w(t) with power spectral density
®,,(f)=N,/2, find the best threshold A that gives the minimum decision error about a; upon the
reception of y(i7,). What is the minimum decision error corresponding this best threshold?

(¢) (6%) For fixed average transmission power P, , prove that the choice of

|G EIC) =V P(f)/H(f)| minimizes the “minimum decision error” in (b).

(Hint: Observe P, =— f |G(f) [df = f |H(|f]))(|]|r y:f) ’ >df and use Cauchy-Schwarz inequality to

find the best |C(f) | that minimizes the “mlmmum decision error” in (b).)




SRS NIEES T EF I E

# B @B FE(2042) ARXOHB6E£384 B £ 28
A5 RIS A “ay - EEmTa #£ 28, +£3 8

RAELH, HAMH A - B 24 (BB) pptutamaiaLuass 2 5m5!]

4. Consider two orthonormal functions {@(¢),4,(¢)} given as

2 >
4= 2 eosta) ¢2(z)_\/; sin(an)

where T is the symbol duration. Let the received signal be x(2) =s,;(1) + w(t), where s,(f) is a 16-QAM
signal, expressed as

5;()=a,4 () +bg,(2),i=12,..,16, a,b e(+4,+34),
while w(#) is the added white Gaussian noise with two-sided power spectral density N,/2. We can look
x(¢) as avector in the signal space:

x=(x,x,),

T
where x; = I x(2)¢; (1)t j=12.
0

(a). (5%) Derive mean and variance of X .

(b).(5%) Explain the meaning of maximum a posteriori probability (MAP) decision rule and maximum
likelihood (ML) decision rule.

(¢). (5%) Let all symbols be sent with equal probability, please derive average symbol error probability of
the received signal under optimum detection.

5. A binary FSK signal is given as:
s5;(t) = Acos(2nfit +6,), i=12
After passing through the channel, the received signal is:
y(8) =s;(8) + w(t)
where w(¢) is the added white Gaussian noise with two-sided power spectral density N,/2.

(a). (5%) If the frequency f, and the phase 6, are known, please plot the optimum receiver structure to
detect y(f) and explain why such a structure is optimum.

(b). (5%) In (a), please derive average bit error probability of the optimum receiver.

(c). (5%) If the frequency f, is known but the phase ¢, is a random variable uniformly distributed

within [0,27], please plot the optimum receiver structure to detect y(t) and explain why such a
structure is optimum.

6. (a) (5%) Consider a random variable X taking values in the set {x,x,,x;,x,,x,} with probabilities 0.25,
0.25, 0.2, 0.15, 0.15, respectively. Please construct a ternary Huffman code with symbol taking values
from {0, 1, 2} for X. :

(b) (5%) Obtain a ternary Huffman code for another random variable taking values in the set
{x,,%,,X;,%,,%;,%,} with probabilities 0.25,0.25,0.2,0.1, 0.1, 0.1, respectively.
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7. Consider a binary convolutional code with the following encoder:

> Co,t

O
T 4

St

X: 1,t

it :C) > SO > S
.
U

where i, (c,,,c,),and (s,,,s,,) stand for the input information bit, output coded bits, and state vector
at time ¢, respectively.

(a) (5%) What is the corresponding generator matrix?

(b) (5%) Denote by c,c,,/i, the branch label associated with the state transition from (So,551,) to
(So,141>51,41) - Draw the state diagram.

(¢) (10%) For transmission over additive white Gaussian channels with the binary modulation which maps
binary “0” — +1 and “1” — 0, let r;, denote the received symbol corresponding to ¢;, for all /, z.

Please find the codeword estimate by the maximum-likelihood decoding given the following received
sequence:

(P00, 71,0, 0.1, 71,1, Y02, ¥1.2, 703, 713, Y04, ¥1.4)
=(-1,-1,2,-1,-1,+1, 2, 0, -1, 0).




