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John G. Proakis, Dimitris G. Manolakis, “Digital Signal Processing: Principles, Algo-
rithms, and Applications”, Fourth Edition, Chapters 1-9. Pearson Prentice Hall, ISBN
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Course content  http://www.eit.Ith.se/course/eti265

Chapter 1 Introduction.

Chapter 2 Discrete-Time Signals and System:s.

Chapter 3 The z-Transform and its Application to the Analysis of LTI Systems.
Chapter 4 Frequency Analysis of Signals.

Chapter 5 Frequency-Domain Analysis of LTI System:s.

Chapter 6 Sampling and Reconstruction of Signals.

Chapter 7 The Discrete Fourier transform: Its properties and Applications.

Chapter 8 Efficient Computation of the DFT: Fast Transform Algorithms (not in-
cluded).

Chapter 9 Implementation of Discrete-Time System:s.
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The concept of frequency

Positive frequency Negative frequency



What is a time-discrete signal?

Time-discrete signal

Sine
1
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Temperature

x(n)={ 44 7.8 11.4 10.5 104 12.2 12.0 ... }

Time [n]
1 2 3 4 5 6 7 8 9 10




Time-discrete systems

Digital processing of analog signals.

— (i)

x(t) — LP 1 A/D 1 Proc. 1 D/A LP
~ ~~ — ~ v
Sampling Processing Reconstruction
The digital system.
x(n) —| System —— yp(n)




Example of a systems

y(n):%--;x:(rn)+l x(n—1)+ = :3((1v1—2)+-51_;':1c(1'2—3)+l x(n—4)
1 1 1
y(n):g-x(n)—— x(n—-1)+—--x(n-2)—=-x(n=3)+=-x(n—4)

p(n)=0.9y(n—1)+ x(n)



Sinusoids

Time signals

x(t)=A-sin(2nFt—®P)=A-sin(Qt — D) :A-sin(Q(t— g)) (7)
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Symbols

A

Amplitude
Frequency 1n Hz

Phase
Fre guenc
s

ijse in ra

Time period in second

Time delay in second
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Tones

Sine with frequency Fy = 156 Hz.
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Additive synthesis

Sum of sinusoids of different frequencies, harmonic signal.

x(t) = Zak sin(27ckFyt)
k

Trombone with fundamental frequency F, = 156 Hz and 8 harmonics.
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Sampling d| sgm//fj/ga

Real rotation ’] H 2 Sampled rotation



Sampling (page 21, 23)
The signal

x(t) = 20cos(21440t — 0.477) (11)

is read with a frequency of F; = 1000Hz, or equivalently with T = Pls = oo5 = 0.001s
between each read.

440
x(H)=x(t|t:nI§:F£b 20COS(27I 1000-11—0.471) 7[,__ O,\(% (12)
W
20 £
10
0 . | | Tilme ]
1 2 3 6 7 8 9 10
—10
20 L

14



Notations:
() =2nF  Frequency and phase for continuous signals (real frequency).
w=2nf  Frequency and phase for discrete signaler (digital frequency).

The spectrum for a discrete signal is periodic.

x(n) = cos(2m fyn) = cos(27( fy + k)n) for k integer

0.8 |-
0.6
Q ®
4.4
g.2 : :
N : Frequency [f]
—1.5 -1 —0.5 0 05 1 1:5

~ 15
one period

(13)



Examples of observed sampled frequencies!

F[Hz] F;[Hz] — f=4 f'+k
[ )

1 4 - 0.25 |0.25}0
6.3 1 > 63 |0346
5.8 | — 5.8 [-0.2}6

48000 4000 — 12 0/12
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Discrete signals (page 43)

Discrete signals are denoted x(n) (sometimes also x|n]).

I 0<n<3
xm={4 n=3 ={.. 011140 ..}={1114} (14
|0 otherwise /P
Impulse N=0

: 1 =)
a(u):{ X ={.. 01000 ..}= { ?{ (15)
0 otherwise — 7'

Step

1 n>0

11(}1):{ =low B L L T T wel (16)

0 otherwise =

E——

T

A signal is causal if the values are zero for all negative indices. .



Using the impulse we can write

~
x(n):{ 1 41 }:1-6(n)+4-6(n—1)+1-6(n—2):Zx(k o(n—-k)
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Example of systems (page 58, 59)

Delay: y(n)=x(n-1)

/1
x(n) —{ A1) — y(n)

\—”

First order system: y(n)=0.5-y(n—-1)+x(n-1)

-1

x(n) PD— z > Y(n)
T Yo

Second order system

x(n) D——D— z7! D > p(n)
T 0.5
< A05 | z7]
0.5
<
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Definitions (page 45)

Energy: A signalis called an energy signal if E < co.

E= ) o

Power: A signal is called a power signal if P < co.

N~ )

P:FZOIJC(H)I2 )\/: one per:‘od

Odd symmetry / /)\

x(n) = —x(—n) \[ ]

(18)

(19)

(21)

20



=%

a—

Fy

System with finite memory: FIR; for example

y(n) =x(n)+x(n—1)

System with infinite memory: IIR; for example

yP(n)=0.5-y(n-1)+x(n)

BIBO-stability: Bounded Input Bounded Output.

x(n)| <M, <o ‘y(n)‘ <My <oo
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Linearity

x(n) = axy(n) + pxa(n) <= y(n) = ay(n)+ py,(n) (24)

Equivalent block diagram:

Time invariant or Shift invariant
x(n)—>x(n-D) & yn)—->yn-D) (25)

Equivalent block diagram:

x(n) — z N h(n) —— v(n) & x(n) — h(n) Nz P y(n)

K__=X




Mathematics in the course

Complex numbers

z=a+jb=r-e)¥ =r.cos(®P)+jr - sin(P)
N——~ — |\

where 7 = Va2 + b2 and @ = arctan(b/a) if a = 0. _ \

Euler’s formula e
( ) ejm _l_e—jm /\ \
cos(w) = .
c /2N fin)
- Lty
_ ejm =" e—jﬂ«’ .
sin(w) = : o
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Finite geometric sum

N N+1

1 —
51=;a”:1+a+--~+awz ltia lab< 1
Proof:
N
—— n— o ow N
S_Za =1 4 b d¥44 40 N

(§-a5)= -2

a-S=g+d+d+--+aV*!

1 _ﬂN+l

l-a 24




Infinite geometric sum

o0

1
Sq = ”:1 : e =
5 Zu +a+ac+ -
n=0
Proof: O
lim : if |a] < 1

N —co 1—a ] —

-

lal < 1
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