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Opseg primene
Najvisa ucestanost merenja spektra

« do =1 MHz, elektronika, akustika, mehanicki sistemi

« do=3 GHz, RF opseq, beziche i mobilne
telekomunikacije, sirokopojasni audio i TV sistemi

 do =40 GHz, mikrotalasna tehnika

 iznad 40 GHz, milimetarski talasi, digitalni radio
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Fourijeova analiza
Vremenski | frekvencijski domen su povezani sa
Fourijeovom transformacijom

Za tacno odredivanje spektra potrebno je poznavanje
signala u beskonacnom vremenskom domenu

Vrednost amplitude mora biti poznata u svakom
vremenskom trenutku (kontinualno)

Spektar ¢e biti kontinualan, takode, sto znaci da je
frekvencijska rezolucija neogranicena

Tacna izracunavanja nisu moguca u praksi

spektar moze da se odredi sa dovoljnom tacnoscu
pod odredenim pretpostavkama
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Diskretna Fourijeova analiza?

« Signal se odmerava u jednakim vremenskim
Intervalima (uzorkuje, odabira) sa analogno digitalnim
konvertorom koji vrsi kvantizaciju amplitude

* Od kontinualnog signala se dobija vremenski diskretan
sa konacnim brojem vrednosti amplitude

« Da se izbegnu efekti prelivanja spektra, | efekti pojave
odraza u frekvencijskom domenu, spektar signala
mora da bude ogranicen

« Sanonov zakon odabiranja (Shannon's law of sampling)

7 s = sampling rate, in Hz

fs22-B T | |Bs = signal bandwidth, in Hz
h]

in aﬂd )Lb —

T = sampling period, in S
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Diskretizacija sighala u vremenu

o f

In, max

Sampling with

sampling rate fg

a)

<f /2

Christoph Rauscher
Fundamentals of

Spectrum Analysis

v" Sinusoidalan signal

fifsfin B fstin 2fg 3fg  f—
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Diskretizacija sighala u vremenu

([ J . c
fln, max < fs/2 v' Signal sa
trougaonim spektrom
A
fe
f s
fil'l.lT'IE’quES 2
in,max f— J.i_|_:l|| fs 2%5 3fs f
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Diskretizacija sighala u vremenu

« £ >f/2

in, max v Signal sa

trougaonim spektrom

A A
b oS Is
) Aliasing 2
fin,max i\ﬁ f ].i:|.l:||c;x fl.‘_-} 2%5 3If5 f—

Dvosmislenost u blizini polovine ucestanosti odabiranja, f./2
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Diskretna Fourijeova analiza

- ; 1 s = sampling rate, in Hz
Js =2 By and - fs= . | |B. —  signal bandwidth, in Hz
T = sampling period, in s

N-1

X(k) = 2 x(nTy) - e72mn/N

n=0

index of discrete frequency bins, where k=0,1, 2, ...
= index of samples

samples at the pointn - Tq, wheren=10,1, 2 ...
length of DFT, i.e. total number of samples used for
calculation of Fourier transform

Z Ix o =
—
:1
L;j—l
e
[l
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Diskretna Fourijeova analiza

- ; 1 s = sampling rate, in Hz
Js =2 By and - fs= . | |B. —  signal bandwidth, in Hz
T = sampling period, in s
. fs 1
Ky=k-— =k
f(k) N N
f (k) = discrete frequency bin, in Hz
k = index of discrete frequency bins, withk =0,1,2 ...
f, = sampling frequency, in Hz
N = length of DFT
10
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Signal u vremenskom 1 frekv. domenu

v Sinusoidalan signal beskonaénog trajanja

Input signal x(t) Samples

| _ I

Al

| X()

|

. _"IT,q_ e
d-] . PR o w ws A B In Tin

a3
|
|

|

Y
|

11
T™ 2018



Christo, ph Rauscher
Fundamentals of
Spectrum Analysis

Signal u vremenskom 1 frekv. domenu

v" Pravougaoni signal

Window w(t) |W(T)|

NTg

Y

=) PR Wyl S T

t— 10 1 f—

.2
|
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Signal u vremenskom i frekv. domenu = "

ALL T WILLY
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Signal u vremenskom 1 frekv. domenu

amplci IX()
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- T Al
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perioda u | :
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Signal u vremenskom 1 frekv. domenu
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Signal u vremenskom 1 frekv. domenu

Frequency bins
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Greska u amplitudi
koja je nastala
usled ogranicenog
vremenskog
prozora koji se

posmatra u funkciji
ucestanosti

16



Signal u frekv. domenu | %
vremenski prozor
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Rectangular window HANN window
|]| Amplitude error
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Signal u frekv. domenu |

v Analizator spektra na bazi FFT

Input

—

vremenski prozor

(@

Lowpass

RAM

Memory
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FFT

E Fundamentals of
l Spectrum Analysis

Display
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Spektar signala kada %?LZ”&L";IZ:;M

Spectrum Analysis

nije sinusoida beskonacnog trajanja

l NTg=nT,
Window —_——
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Ty Ty
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Heterodyning je tehnika obrade signala
koja stvara nove ucCestanosti
kombinacijom 2 ucCestanosti

Ideal Mixer
(Multiplier)

Input Output
Signal . ’ Signal

Local
Oscillator

20
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Modulacija je proces u kojem signal
informacije menja drugi signal vise
ucestanosti, tzv. nosilac, da bi se prenosio
u drugom frekvencijskom opsegu

.'-""."n-lgnzl

Fm
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Analiza spektra koriséenjem § Fonameni ot
. . pectrum Analysis
principa heterodyne

tunable Tunable bandpass filter
bandpass filter Amplifier Detector Display T
G D e
Input X
[ |
L L
Sawtooth ol JU",.ML}IMI;JL{ 1,}-}0)%&@ Mg it

fi—

v Analizator spektra sa filtrom propusnog opsega

koji moze da podesi centralnu ucestanost
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Analiza spektra koriscenjem

heterodinskog principa

Envelope
Mixer IF filter detector  Video filter
TR, iy
T -9'—
Input [F amplifier Logarithmic amplifier
Y
@ Local oscillator
y
Displa
AL Play
Sawtooth

E Christoph Rauscher

Fundamentals of
l Spectrum Analysis

v Analizator spektra koriS¢enjem heterodinskog principa

T™ 2018
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Princip heterodinskog prijemnika

Y—ﬁ ~_ [

h |

RF  niskosumni filter za Lf;
filtar pojacavac eliminisanje f';:’:{
sim.komp. —/

v Blok Sema heterodinskog prijamnika

filter za
odabiranje
sim_komp.

H/ﬂ p
| |
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Heterodinski prijemnik

IF filter

Input signal
converted to IF

Inpit signal
converted to IF

f ——
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Christoph Rauscher

Fundamentals of
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Osnovni parametri za podesavanje ¥ swcuun s

* Prikaz opsega ucestanosti

start & stop frequency
»minimalna i maksimalna ucestanost za prikaz

center frequency & the span centered about the
center frequency

»cetralna uCestanost | opseg oko centralne
ucestanosti

26
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Osnovni parametri za podesavanje ¥ swcuun s

 Opseg prikazivanja nivoa

maximum level to be displayed & stop frequency

» Referentni nivo | opseg za prikaz
na primer referentni nivo O dBm i opseg 100 dB

attenuation of an input RF attenuator,
oslabljivac, otporni delitel],

» Slabljenje razdelnika na ulazu u RF stepen

27
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Osnovni parametri za podesavanje

* Frekvencijska rezolucija

kada se heterodinski prijemnik
frequency resolution is set via bandwidth of IF filter

»resolution bandwidth (RBW)

28
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Osnovni parametri za podesavanje ¥ swcuun s

« Sweep time (only for analyzers operating on the
heterodyne principle)

» The time required to record the whole frequency
spectrum that is of interest is described as
sweep time

»Very small resolution bandwidths, for instance,
call for a correspondingly long sweep time.

29
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PraktiCna realizacija

« Savremeni analizator spektra za frekvencijski opseg
od 9 kHz do 3 GHz / 7 GHz, heterodinski princip

9

204 MHz
ﬁm output

To IF signal processing
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! :.u::an::r:tals of.
Praktiéna reaIiZaCija Spectrum Analysis
« Savremeni analizator spektra za frekvencijski opseg

od 9 kHz do 3 GHz / 7 GHz, heterodinski princip

D
o iy Min Peak (40)
|f Bandwidth setting 1‘ (57) ! ® o
From =
RF frontend TS | L : Sample — | :“— upP -
} % % % @ Trace Display
© £-204 MHz IF amplifier - 204 MHz evaluation
v @ @
[ Overload detector )
%Zi.‘ﬁ IF signal processing Detectors and trace output
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RF input sekcija (frontend)

 RF input impedansa 50 Q

« Za 75 Q) sisteme, kablovski sistemi, (CATV),
moze da bude i 75 Q input impedanse

« Transformator impedanse,
analizator sa ulaznih 50 Q moze da se koristi i

za 75 Q) sistem

Spectrum

75 Q 50 Q
analyzer

-

.
@ i Mﬂ;;t;iing E

L =75Q Z =500

Source

33
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RF input sekcija (frontend)
 RF input impedansa 50 Q

75 Q 100 Q Spectrum
Source L J analyzer
:’ : 25Q
g E
L =750Q Z =500
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RF attenuation

« Slabljenje se podesava u koracima 10 dB

« Za finija podesavanja, u preciznijim koracima od 5 dB
il 1 dB

35
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Dvosmislenost ! E(;’.T;ZT.T;",Tr.slof.
. . . pectrum Analysis
heterodinskog principa

Conversion

Input filter Image frequency
| ] reponse
! |
! |
! |
| |
| |
! |
! |
! |
| |
| e | o |
! |
! |
| |
| |
! |
| 1
[II fiI'L|.1 fLD f'Ln.u f—=
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Preklapanje Fndomenlsof
heterodinskog principa |

Conversion

Overlap of
inpukand image
frequeney range

i“IF

fin,.min i"L'El,rnin fim,min fe,max fLﬂ,mm: fim,max f—
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B —

High intermediate frequency Fndoenls of
Visoka medufrekvencija

Conversion

Input filter

Image frequency
range
LO frequency fip =i - fm
range
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Veliki koraci podesavanje koraka !s:»ewummawsis

Input signal Input signal

fi ! M !
| | i lllr:\ ff \ mll

e

Displayed spectrum Displayed spectrum
fin — fin
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Konverzija visoke 1. IF u !C;".I‘.?S;";Zﬁia.slof.
) pectrum Analysis
nisku 2. IF

2nd conversion

| Image rejection
filter

2nd IF Imagei1st IF f—
|

2nd LO
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Konverzija u nisku IF 46

l Input signal converted
Tracking preselection as lower sideband
""" il
."I \ LO frequency range | |
."I Input frequency range ".I
‘ ."II II".
Fi L \
|
1
T :
A i Input signal converted
! as upper sideband
| A N\
! [\ Lo frequency range [
: ."I Input frequency range '-,I
I |
1 ! \
: .;"'I | LY
TII- fII'LrTIII'I fll‘l.rTIH_\: f

Input frequency range
= Tuning range of bandpass filter
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Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrZze materijale preuzete sa Interneta,
struéne i nau€ne grade, koji su zasticeni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze Koristiti samo privremeno
tokom usmenog izlaganja nastavnika u cilju informisanja i
upucivanja studenata na dalji strucni, istrazivacki i naucni

rad i u druge svrhe se ne sme koristiti —
Clan 44 - Dozvoljeno je bez dozvole autora i bez placanja
autorske naknade za nekomercijalne svrhe nastave:

(1) javno izvodenije ili predstavljanje objavljenih dela

u obliku neposrednog poucavanja na nastavi;

- ZAKON O AUTORSKOM | SRODNIM PRAVIMA

("Sl. glasnik RS", br. 104/2009 i 99/2011)




