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1. One way to compute an adaptive DFT is to include a time window in the DFT definition:

Y [n; t] =

t∑
k=0

w[t− k]y[k]e−i
2πnk
N , n = 0, 1, . . . , N − 1,

where Y [n; t] denotes the DFT for frequency index n at time t. In this exercise, we will
study the exponential window

w[l] =

{
e−l/L, l ≥ 0,

0, l < 0

where L is a design parameter.

(a) Give a recursive formula for how to compute Y [n; t]. (3p)

(b) Compute analytically the DTFT W (eiω) of the window w[l]. (4p)

(c) Compute analytically the DFT W [n] of the window w[l], l = 0, 1, . . . , N − 1. (4p)

2. Consider the signal in noise model

y(t) = s(t) + n(t). (1)

where n(t) is white noise with variance 1, which is independent of the signal s(t). Assume
the user has chosen a first order Butterworth filter to attenuate the noise and accentuate
the interesting signal component known to be around 0.5 (normalized frequency).

[b,a]=butter(1,[0.45 0.55],’bandpass’)
b =

0.1367 0 -0.1367
a =

1.0000 -0.0000 0.7265
yf=filtfilt(b,a,y);
plot(abs(freqz(b,a,pi*linspace(0,1,100))).^2)

(a) What is the total filter after the filtfilt operation? Answer as a rational function
H(q) = B(q)/A(q). (4p)

(b) For what signal spectrum does this filter coincide with the non-causal Wiener filter?
Plot the signal spectrum, together the frequency response of the filter H(q). (6p)
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Figure 1: Wildfire train approaching the climbing stage.

3. The roller coaster Wildfire opened in late June 2016, and is claimed to be the ’biggest’
wooden roller coaster in the world. The division of automatic control has mounted a smart
phone at the end of the train, and each morning the in-house app sensor fusion logs data
during the first test runs. The idea is to use the inertial sensors to monitor the status of
the tracks and the train.

The ride starts with a 56 meter climb, where the train is pulled by chains, see Figure
1. The signal acc contains the measurements from a three-axis accelerometer, and is
available with load wildfire (do not forget to initialize the course search path with
initcourse(’tsrt78’)). The sampling frequency is fs = 100 Hz and the time inter-
val corresponding to the climb is [85, 104]. The accelerometer has its coordinate system
with x in the forward direction, y to the left and z upwards.

Your task is to estimate the spectrum of the accelerations during the climb. You should
carefully consider how the spectral estimate is presented (scales on axis etc) and how it is
smoothened. The goal should be to determine what can be considered as normal vibrations
in the three dimensions. The more convincing solution, the more points. (10p)

4. Consider a impulse response defined by

h[k] =


(
1
2

)k/3
, k = 0, 3, 6, . . . ,(−1

2

)(k+2)/3
, k = 1, 4, 7, . . . ,

0, k < 0, k = 2, 5, 8, . . . .

Derive the transfer function H(z) = B(z)
A(z) as a rational function, and plot H(ei2πf/fs).

What type of filter is this? (10p)
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