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Tumol Mertaoxnuariopyou Fourier

Type of Transform Example Signal

Fourier Transform
signals that are continious and aperiodic

Fourier Series .
signals that are continious and periodic

Discrete Time Fourier Transform
signals that are discrete and aperiodic

Discrete Fourier Transform
signals that are discrete and periodic

- EA 2
A. TKOAPAZ SHMATA KAl SYSTHMATA ENOTHTA 1- AIAGAN



MNavépapa Meraoxnuaricpywyv Fourier

Continuons-time signals Discrete-time signals
Time-domain Frequency-domain Time-domain Frequency-domain
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2xéoeig Meraoxnpariopwyv Fourier
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ANALOG SIGNAL PROCESSING

ANALOG FILTER

Ry
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INPUT > 10
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SENSOR
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FREQUENCY CHARACTERISTICS

GAIN
GAIN

N

-Temperature variations
-Component aging
-Power-supply variations
-Component accuracy

T 1

(<]
FREQUENCY FREQUENCY
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IDEAL ’ _ H AFf\(l,f\TLOG )
e M have to be considered.
: + The resulting circuit:

-Has low noise immunity
-Requires adjustments
-Is difficult to modify

ENOTHTA 1-AIAQANEIA 5

BASIC DIGITAL SIGNAL PROCESSING ALGORITHMS

Digital Signal Processing is the arithmetic processing of

real-time signals sampled at regular

digitized.
FILTERS
Example:
x(n) /+\ y(n)

Digital lowpass filter

1. Discrete-time
2. Difference equation

¥(n)= byl - 1)+ x(n)

3. z-plane (Z-transform
used for analysis )

A. ZKOAPAZ 2HMATA KAI 2Y:THMATA

intervals and

u(t) C == wvolt)

Analog lowpass filter

1. Continuous-time
2. Differential equation

v(t)=Rchst(t)+vo(t)

3. s-plane (Laplace transform

used for analysis)
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WHAT IS DSP?

ANALOG COMPUTER a bit loud

.llm)»""/\/\[v\/\/" — &

DIGITAL COMPUTER

DSP
| OUTPUT
— — ADC — — DAC
W
MWW 1010 1001
‘»'nams
LECTURE 1 1-1 INSTRUMENTS
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EIZATQIH
LOW-PASS SAMPLER AND DSP OPERATION DIGITAL-TO-ANALOG RECONSTRUCTION
ANTIALIASING ANALOG-TO-DIGITAL CONVERTER LOW-PASS FILTER
FILTER CONVERTER
FIR FILTER
N
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L xin) k=0 yin) vl

FINITE IMPULSE

RESPONSE
ANALOG IN ANALOG OUT
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FILTER =
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FREQUENCY
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DIGITAL =
FILTER 3
} f
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FREQUENCY
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Digital Signal Processing System

antialias filter reconstruction filter
3 Analog Digital L W
Filter ADC = Processing :()f DAC Filter >
Analog Fﬂmd Digitized Dngmzed Analog
[nput [nput Output Analog Qutput
lnput Output
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Why Digital Signal Processing?
Because:
Digital computers are inexpensive

Advantages:

e Greater flexibility (adaptive filters easily implemented)
e Self-test can be built-in

e Perfect reproducibility

e Guaranteed accuracy

e High noise immunity and power supply rejection

e No drift

e Superior performance

e Time-sharing possibility

Disadvantages:
e Speed
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Digital Signal Processing

is related to many other areas of science, engineering and

mathematics:

Digital Theory

Communication

. Numerical
Slgnal Analysis
Processing Probability

—__and Statistics
Analog
Analog Digital Decision ﬁlgnal .
Electronics | Electronics \ Theory rocessing

EIZArQrH

Summary of key DSP operations

(1) Convolution: Given two finite length sequences, x(n) and h(n), of
lengths N, and N, ,respectively, their linear convolution is

y(n)= h(n)@x(n)= kgmh(k)r(n —k)= Agh(k)x(n - k) n=01L..,M-1

where M=N;+N,-1

A. ZKOAPAZ
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w =

(2) Correlation:

Given two N- length sequences, x(k) and y(k), with zero means
an estimate of their cross-correlation is given by

p., (n)= o () =0,+1,x2,.

[ (O)yy Ol

where 7, (n )IS an estimate of the cross-covariance and defined as

N ;x(k)y(k+n) n=012,..
rxy(n)=< 1 N+=n—1 (

ﬁ = x(k-nl(k) n=0,-1-2,..

0= SEEA,0)- 4 SDE)]
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(3) Filtering: The equation for finite impulse response (FIR) filtering is

yln)- Eh(k)x(n k)

where x(k) and y(k) are the input and output of the filter,
respectively, and h(k), k=0,1,...,N-1, are the filter coefficients.

(4) Discrete Fourier transform:

X(n)= Nzlx(k}l/"" W =exp(—j2mn / N)
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Analog: Continuous
Time & Continuous

Sampled: Discrete

Time & Continuous Discrete Amplitude

Digital: Discrete Time &

Amplitude Amplitude
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AswypatoAndia > AkoAouBiec (Sequences)
Avadoy6 X0 T x(n)=x (nT) Znpo
Zﬁzyum > /“ » Awkpirod
Fs=1 T Xp()VO‘D
AerypatoAnmTng
X a(t) x(n) e xa(t)
ndlk x(n)=x,(nT)
/ e
o ~ >
- 1] [Tt
0 t 0/ 123456789 n
2T 5T or t=nT
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BASIC SEQUENCES

» Unit sample of Unit impulse sequence

» Unit step sequence

1, n>0
u(n): {0 n< O}

A. ZKOAPAZ

» Constant sequence
x(n) =4

» Linear sequence
x(n) = An

A. ZKOAPAZ

a(n)

| 4

1

u(n)

SHMATA KAI 2YSTHMATA
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xX(n)

1
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Exponential

x(n)=a"
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

SHIFTED SEQUENCES

» Shifted sample sequence:

S(n—n,)= I, n=n, i.e. where the argument of () is zero.
0 0, n#n,
Examples:
36(n + 4) 35(11 — 4)

3

40J—0—0—0740—0—0—07 n n
54321012 3 4 32101 2 3 4 5
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

» Shifted Unit Step sequence:

1, n>n, i.e. where the argument of u( )
u(”—"o)Z{O n <n0} is zero or positive.
Examples:
Au(n-2) Au(n+2) Au(-n+2)
A| A Al
[ I n ‘ ‘ ‘ [ ‘ n l l I [ [ ‘ n
2-1012 34 -4-3-2-10123 4-3-2-101234
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» Unit sample (impulse):

o(n)=u(n)—u(n-1)

i.e. d(n) is referred to as the first-order difference of u(n).
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Aoknon

Na ek@pdaoeTe TOV TTAAPO SlIaKPITOU Xpovou p(n) wg ocuvduaoud
BNuaTIKWV akoAouBiwv

p(n)

11
— I . n
s [ [ B

A. ZKOAPAZ 2HMATA KAI 2Y:THMATA ENOTHTA 1 - AIAOANEIA 24



Nuon 1

H akoAouBia p(n) ptTopei va ekppaoTei wg diagopd dUO BNPATIKWYV
aKoAouBIWYV, atrd TIG OTTOIEG N Mia gival oAiIoBnuévn we TTPOG TRV AAAN KaTd
4 povadeg (Ociyuarta). ‘Exoupe, dnAadn,

p(n) = u(n) —u(n-4)

p(n) u(n) u(n—4)
IR R
D0133 » D001 2847 2-101234 2
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Nuon 2

1

2 -1 0 1

N

3 4
p(n) = 8(n) + 8(n—1) + 5(n-2) + 5(n-3)

o(n) =u(n) —u(n-1)
o(n—1) = u(n—1) —u(n-2)
0(n-2) = u(n-2) — u(n-3)
o(n-3) = u(n-3) — u(n—4)

MpooBéTovTag Katd PEAN KataAryoupe Kail TTGAI 0TO iBI0 OTTOTEAEC O
p(n) = u(n) — u(n—4).
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Interval of summation
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Interval of summation
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X(n)
®
3
2 2
4 " L -1 1 4 4 4 n
-2 0 l 2
-1
-2

x(n)=26(n+2)-26(n+1)+35(n)-(n—1)+25(n-2)
Aedopévou O1i x(n) 6(n) = x(0) &(n) KAl YEVIKA x(n) &(n-no) = x(no) &(n-no)

H oxéon auTn yivetai:

x(n) = x(-2) 6(n+2) + x(-1) 5(n+1) + x(0) &(n) + x(1) 6(n-1) + x(2) 5(n-2)

A. ZKOAPAZ 2HMATA KAI 2Y:THMATA ENOTHTA 1 - AIAOANEIA 30



KaOe akoAouBia punopei va ekppaoteil we otabuiopévo abpolopa
OALOONMEVWV povadLoiwV KPOUOTLKWV.

n =-—0o0
Ao(n) Ad(n-m)
A A
. -
71 71
0 0 m
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)
x(n)
SHIFTED SEQUENCES 4
4322101234 n
(a)
x(n—3)
4
DELAYED
- -'10i234567"" »
x(n+2)
ADVANCED

A. ZKOAPAZ

,unlu

*6—5-4—3—2—-1 012 n
(c)
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

SHIFTING & FOLDING

x(n)
| ‘
Tt S for 234 . a
STEP 1: SHIFT (DELAY or ADVANCE)
STEP 2: FOLD (or REFLECT) y(n) = x(-n +2)
*I] 11
2-1012345 n
Important: The operations of folding and shifting are NOT commutative !
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)
TMESCALING _
x(n)
or
[ ]
DOWN-SAMPLING
01 23 456 n
(a)
y(n) = x(2n)
L
0123 .
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TRANSFORMATION OF THE INDEPENDENT VARIABLE (TIME)

TMESCALING

or

DOWN-SAMPLING

- 1 1 I 1 1
0.250

x10
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0.25
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A, TTPArMativa CHMRATA AX

Ae'r“‘ Gubferpis
ﬂeelff“‘v Gu_(»f('i‘ﬁ« =3

xlu] = x[-m]
xn] = - x[-w]
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Cau pray Neprrids Cuvy(nigas

x (] = xoln] » xo[“]

o nou Xe["\) :..;. (x[’"]*xt"“])

X, [n)= %. (x[\\) - 1.(_--])

APTeA

1 1]

x (-]

(Matlab demo)
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B, Mirasiea Iumata BX

fu")ubﬁs -Luk{(w'r?;m 3 xlw) = x.' [—v\]
Iv()ubﬂﬁl ~dVTY Q\s“.&‘rr\'q % 2 i) = - 'x.*r:\ﬂ]
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x(w] = 9Ccsl—_‘1] + xcuth]

dnev  x (v)=

% (Dc[ﬂ + [-m])
X ¢a [‘"]‘- E‘ (l[v\] - x* ['w])
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NMEPIOAIKOTHTA ZHMATQN AIAKPITOY XPONOY
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MNepLodikég akoAouBieg

x(n+N):x(n) Vn

n
6 5 4 3 2 1 0 1 2 3 4 5 6 7 8
(@) Sequence of period 6
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*(n)

Period
N=8

(b) Sequence of period 8

x(n)

@ L J L J L J n
-1 1 2 5
Period
N=3

(c) Sequence of period 3
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https://www.youtube.com/watch?v=AhoeYb6Qqg2c
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