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You may choose to write your solutions in English or Swedish.

Good luck!





1. The simplest principe of amplitude modulation for transmitting a binary sequence u(t)
over a channel is to let the signal change the sigh of the carrier, which must have a much
higher frequency. The transmitted signal y(t) is then

y(t) = u(t) sin(ωt),

where u(t) is piece-wise constant. Generate such a signal in Matlab with

>> N=500;
>> t=(1:N)’;
>> b=sin(2*pi/6*t);
>> u=kron(sign(randn(N/10,1)),ones(10,1));
>> y=u.*b;
>> plot([b u y])

The carrier is here sampled ten times faster than the frequency of the binary signal.

(a) The sudden sign shifts in the sinusoid cause new spectral components in the signal.
Plot a spectral estimate of the transmitted signal y(t) together with u(t), with a
correct grading of the axes. Explain with a simple formula their relation. (5p)

(b) The receiver can recover the signal u(t) by first multiplying with the same carrier

>> uhat=b.*y;

followed by low-pass filtering. Suggest an appropriate non-causal low-pass filter such
that

>> plot([2*uhatf u])

clearly shows that the information signal u(t) can be recovered, for instance by
sign(uhatf(5:10:end));). (5p)

2. Study the signal model

y(t) = s+ e(t), t = 1, 2 . . .

E(e2(t)) = R(t),

E(s) = 0,

Var(s) = P0.

That is, a constant with a prior is observed in noise. We want the linear estimate

ŝ(t) =
t∑

k=1

wt(k)y(k)

with minimum variance.

Formulate the signal model as a state space model and apply the Kalman filter for t = 1, 2.
Determine w0(k), w1(k) and w2(k) to fit the linear estimation form

ŝ(1) = w1(0)x0 + w1(1)y(1)

ŝ(2) = w2(0)x0 + w2(1)y(1) + w2(2)y(2).

In particular, give w1:2 for the special case P0 = Var(ŝ(0))→∞. (10p)
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3. Consider the signal model

s(t) =
1− 0.5q−1

1 + 0.5q−1
v(t)

y(t) = s(t) + e(t)

where e(t) and v(t) are independent white noise processes, both with variance 1.

(a) Determine the Wiener filter for the one step predictor. (5p)

(b) Compute the variance for the prediction error, Var(s(t)− ŝ(t)). (5p)

4. The file Aug15.mat contains the signal y that is generated according to

y(t) =
1

A(q, t)
e(t)

Ee(t)e(t− τ) = σ2eδ(τ),

where A(q, t) described a time-varying AR process.

(a) Select the order and estimate the parameters in an appropriate AR model for the
signal, and motivate how you selected the order. Use the first 500 data points that
are generated from a time-invariant AR model. (5p)

(b) Estimate the AR model adaptively, and determine visually at what time the AR
parameters change. (5p)
Hint: The Matlab function rarx can be used.
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