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1. Generate the signal

t=(0:999)';

y=1./(sin(0.1*t)+2)+0.01*randn(size(t));

The sampling time is 1 second.

(a) Compute a transform based (non-parametric) spectral estimate and show how many

signi�cant frequency components can be discerned, and give these in Hz. (5p)

(b) Compute a model based (parametric) spectral estimate using an AR(n) model, and

verify the result in (a). Motivate your choice of model order n. (5p)

2. Consider the signal models

s(t) =
1 + 0.3q−1

1− 0.7q−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) Give the Wiener �lter for one step prediction. (5p)

(b) Compute the variance for the prediction error, var
(
s(t)− ŝ(t)

)
. (5p)

3. Let X(eiω) denote the DTFT of the sequence

x[n] =

{
0 n < 0

2−n n ≥ 0

Let y[n] be a sequence such that y[n] = 0 for n < 0 and n ≥ N . Let Y [k] denote the DFT
of the sequence y[n], n = 0, . . . , N − 1. Assume further that

Y [k] =
1

T
X
(
ei

2π
NT

kT
)
=

1

T
X
(
ei2πk/N

)
.

Compute an analytic expression for y[n]. (10p)

4. The human heart rate is measured in beats per minute (BPM). Measuring the heart rate

under di�erent circumstances will give useful information about the health state of the

person in question.

An interesting feature of modern smartphones is that they are capable heart rate monitors.

The beating pulse causes �uctuations in the �redness� of the skincolor. These �uctuations

cannot be seen by the human eye, however they can be captured by a typical smartphone

camera. The user holds the tip of a �nger over the camera (typically the light must be

turned on) and records video. After recording, in a pre-processing step, the red layer of

each RGB video image is exctracted, and the �redness� of each image is computed as an

average. This processing gives a sequence of �redness� values, on which FFT analysis can

be performed, giving an estimate of the heart rate1.

The �le Aug14.mat contains a vector with pre-processed video data acquired at 30 frames

per second using an Apple iPhone 4. Your task is to use this data to compute an estimate

of the heart rate. (10p)

1There are several commercial smartphone apps that work (more or less) exactly this way.
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