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Recall: Sinusoid
X(t)=asin(2rft+ d), teR

a = amplitude, f = frequency, T = period =1/f, & = phase (shift)
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Exercises

1. Write the mathematical 2. Draw the following signals:
description of this signal: X(t)=3 - sin(4 - -t +mn/2)
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X(t)=2 -sin(6-m-t+m)



Make your own Exercises with
https://www.wolframalpha.com/
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X(t)= Sin(4 "TUC t + T[/Z) + ‘ plot f(t)= sin(4 - - t + m/2) + sin(6 - 1t - t + 1) from t=0..1
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Moving Average Filter: Discrete Signal

In Blue: maximum Temperature per Month in Geneva Region
In Red: average of the maximum temperature over the last three months
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A 1 et
Moving Average Filter X(y=7 |, X5y

* Consider the following signal X(t) with period 4T. Into what signal is X(t)
transformed if it passes through a moving average filter with Tc = T?
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* Consider the following signal X(t) with period 4T. Into what signal is X(t)
transformed if it passes through a moving average filter with Tc = T?
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A 1 ¢t
Moving Average Filter X(t>=zjt_TcX(s)ds

* Consider the following signal X(t) with period 4T. Into what signal is X(t)
transformed if it passes through a moving average filter with Tc = T?

X(1.5) =0
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Computation of Apparent Frequency

Tt TT Tt
Inputs: o m Q m

. 0.4f,
* input frequency f

* sampling frequency fe 0.2fc

Output: apparent frequency fa e Dt iy et ¢

e e

2.5f

Note: If we increase f by fe, we get a phase shift of 2t = 0.

Algorithm for computing the apparent frequency:
* Chooseannandcomputef’'=f-n-fes.t.0<f' <fe
* |ff’ <0.5fe, then fa = f’ and the phase shiftis 0
* If f’ > 0.5fe, then fa = fe-f’ and the phase shiftis

Example: fe=1Hz, f=2.6 Hz
e n=f/fe=2.6/1=2times (where/is an integer division)
e f7=26-2-1=0.6Hz
* Sincef’>0.5Hz,fa=0.4Hzanddelta=mn
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H(X) =Zm°logz;=pl-logz—+---+pn-logz—

Comparing the Entropy of V\Tordsl n

Question 10 (Mid-term exam 2022): log, (10) = 3.3219, log, (5) = 2.3219, and log, (2.5) = 1.32109.
Words: motivation, appreciate, kinikkinik, whizzbangs (10 letters each)
1. motivation: appearance profile 2,2,2,1,1,1,1

P1=p,=p3=2/10

P4=Ps=Pe=P;= 1/10
2. appreciate: 2,2,2,1,1,1,1 => same entropy as motivation
3. kinikkinik: 4,4,2 => p,=p,=4/10, p5=2/10
4. whizzbangs: 2,1,1,1,1,1,1,1,1 => p,= 2/10, p,=p3=P,=Ps=Pg=P;=Ps= 1/10
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4
— 2. log,—+ - .log,— <OF>0r= H(X4) =—-log,—+8-— -log, —
H(X3) =275 -logy -+ 75+ loga - (X4) = 7510825+ 8- 75 -logz

—0.2 - log, 5 on both sides

5
03 - log, = + 0.2 ~i0g, 5 < 0.2~10g, 5 + 08 -log, 10
: 2 52 52 52 /0.8 on both sides

5
log, > < log, 10



Huffman Algorithm

 Example: Characterization (16 letter)
e Appearance profile:

2 | ¢ | r |t i h e | 2z o | n_
3 2 2 2 2 1 1 1 1 1

a,c,rnt,i,h,ezo,n(16)

n,h,e,z,o,n (7)

e,z,0,n(4)

r,t(4) i,h(3) e,z(2) o,n(2)

a(3) c(2) | r(2) t(2) i(2) h(1) § e(1) z(1) @ of1) n(1)



Generate Prefix-free Code

* Given a tree for each node assign a 1 to one edge and a 0 to the other

(which edge is 0 and which is 1 does not matter).
* In example: red edges are 1, black edges are O

* Read code from top to bottom!

a,c,nt,ih,ezo,n(16)

n,h,e,z,0,n (7)

e,z,0,n(4)

i,h(3) e,z(2) o,n(2)

i(2) h(1) § e(1) z(1) o(1) n(1)

a 111
C 110
r 101
t 100
[ 011
h 010
e 0011
z 0010
o 0001

n 0000



