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1. (18%) At the transmitter, during 0 < ¢ < T, a data bit determines the transmitted signal z(t) =
z1(t) or z2(t) where z,(t) = —2sinw,t and 22(t) = 4sinwt. The received signal is y(t) = z(t) +n(t)
where n(t) is the AWGN with double-sided PSD Np/2.
(a) (4%) Find the average energy per bit Ej.
(b) (5%) Devise the coherent maximum-likelihood receiver. Also find the optimal threshold value.
(c) (5%) For (b), find the error probability in terms of the Q function and E,/N,.
(d) (4%) For (b), if the threshold value is zero, find the error probability in terms of the Q function
and E;/Ng.
2. (16%) Consider the transmitted signal
z(t) = Acosw;t + B coswst, 0<t< T,
where coswt and coswst are orthogonal over the interval [0, T}]. Five input data bits by, by, b, b3, by
determine the values of A and B by A = [2(bp + by X 2+ bz X 4) — 7]c and B = [2(b3 + by x 2) — 3lc
where c is a constant. The received signal is z(t) +n(t) where n(t) is the AWGN with double-sided
PSD Ny/2. Assume that the coherent maximum-likelihood detector is used.
(a) (4%) Find the average energy per symbol E.
(b) (6%) What is the symbol error probability in terms of the Q function and E, /No?
(c) (6%) What is the approximate bit error probability in terms of the @ function and E,/Ny?
3. (10%) Consider the discrete memoryless channel with three inputs Zo, %1, T2 and three outputs
P ifj=1
Y0,Y1,Y2. The channel transition probabilities are p(y;lz;) = ¢ 1—p ifj=(i+ 1) mod 3 for
0  ifj=(i+2) mod3
1,7 € {0,1,2} where 0 < p <1 is a constant and “mod” is the modulo operation.
(a) (4%) Find the channel capacity C.
(b) (3%) Determine the value of p to maximize C. What is the maximum value of C?
(c) (3%) Determine the value of p to minimize C'. What is the minimum value of C?
4. (6%) At the transmitter, three signaling intervals transmit one data bit b. During 0 < t < 3T;,
the transmitted signal z(t) is Acoswt if b= 1 or 0 if b = 0. The received signal is z(t) + n(t) where
n(t) is the AWGN with double-sided PSD N,/2. What is the bit error probability of the coherent
optimal receiver in terms of the Q function? Please explain your reason.
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5. (25%) In a DSP quadrature modulator system as shown below with the DAC outputs sz 5(t) =
s15@) +J* 505(t) = X2 _o(s;[m] +j - so[m]) - 8(t —m - Ts), and the lowpass filter (LPF)
L 1 £ foass
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0, fstop < lf'
{Hint (Sampling Theorem): sgp{m] = Sp(m-T), Sps(f) = S{SB,a(t)} =fi e Ss(f — k-

having a frequency response H,p(f) =3{h,p(t)}=A4-{1—

), Ss(F) =35}, fi =Tis}, 3{ }:denotes the Fourier Transform
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(@) plot |Sps(f)|” in the range |f| <2-f; when 18D =
0, fo<Ifl

and fo=4-

fo (%)

(b) find the frequency response specification, i.e., {fpass, f m,p,A} of the LPF with minimum f 4,
and maximum fg.,, such that sp(t) = 5;(t) +j - 50(t) = 85(¢) for the signal given in (a).
(6%) |

(¢) find the formula of X.(f) =J{x.(t)} in terms of Sz(f) =I{sp(t)} (Hint: x.(t) =
real{sp(t) - exp(j - 2m - f. - t)}, sp(t) = 5,(t) +j - 54(t), real{x} =%(x + x%),j = V=1) (6%),

(d) find the formula of sgx(t) in terms of the message signal m(t) when x.(t) is an FM signal

with an instantaneous frequency deviation fp = 27 - f, - m(t). (6%)

(] 1005(_271‘ fit)
SI m s t t
DAG 1.5 (8) :LPF‘SI()
4 x.(2)
som] i S0 (1) s (2)
“—{ DAc}= LPF
T ' /. =100 MHz
fo =1/T, =1 MHz —sin (27 f.t)
DAC: digital-to-analog converter
LPF : Lowpass Fiilter
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6. (25%) In a DSP quadrature demodulator system as shown below with the LPF having a frequency

IfI<05-f

2,
response Hyp(F) = S{hp ()} = {5 V1<05 Js

(Hint: 75(t) = 1 () +J - 19 (t) = {(t) - exp(=j2m - (f, — 0.01 £5) - )} * hyp(2)

(a) find the formula of r5(t) in terms of #5(t) when 7.(t) = real{fp(t) -exp(j - 2m - f. - )} and
7g(t) has a lowpass bandwidth less than 0.25 - f;. (6%)

(b) find the formula of r,[m] and rg[m] when 7.(t) = cosQ2m - f,, - t) - cos@Rnr-f. -t + 6)
and f, =100 KHz (7%). (Hint: find #g(t) first)

(c) find the formula of 7,[m] and r4[m] when 7,(t) = 2-cos@u-(fo+ fm) t) and f, =
100 KHz (6%) (Hint: find Fg(t) first)

(d) find the formula of Ry (f) = I{{r.(t) - exp(—j2n - (f, — 0.01 ‘fs) - )}} in terms of Ry(f) =
3{fp(t)} when 7.(t) = real{f(t) - exp(j + 21 f: )} (6%)

cos(2(f, —0.01- f)¢)

7 (1) rp[m]=r, (m-T;)
r(t) —— | LPF ADC|——
r 3

————————it

A

' t : piml=r,{m-T,
. CpF ) ADC el 27 (- T2)
f,=100MHz | f
~sin(27 (£, -0.01- £, )1) S5 =l/T, =1MHz

ADC: analog-to-digital converter
LPF : Lowpass Filter




