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Konverzija visoke 1. IF u !?L’.?;';",:Zﬁ;a.sof

Spectrum Analysis

nisku 2. IF

2nd conversion

| Image rejection
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|
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Christoph Rauscher

Fundamentals of
Spectrum Analysis

Konverzija u nisku IF

l Input signal converted
Tracking preselection as lower sideband
N —~—~—~"~"~""""""=""™"/">"7 A
."I \ LO frequency range | |
."I Input frequency range ".I
‘ ."II \
Fi L \
|
1
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A i Input signal converted
! as upper sideband
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Input frequency range
= Tuning range of bandpass filter
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= Christoph Rauscher
[

& Fundamentals of
l Spectrum Analysis

Obrada signala na IF

Obrada signala na IF 20.4 MHz

Signal se pojaCava i rezultantni propusni opseg zavisi od
IF filtra

Pojacanje moze da se podedava u koracima 0.1 dB

Maksimalni nivo signala moze se odrzavati da bude
konstantan tokom obrade signhala bez od postavljenog
slabljenja

Ako je slabljenje veliko, pojacanje treba da bude veliko

tako da se dinamicki opseg iskoristi za maksimalnu
vrednost

Koristi se Gausov (vremenski) prozor, zato sto pravougani
prozor ima veliki prelazni rezim
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Christoph Rauscher

Funkcija prenosa Gausovog filtra %Fvnﬂamema'sof
logaritamska razmera

Spectrum Analysis

log (Hy (f)) /dB —

fo f— +
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Naponska funkcija prenosa %;;:::;:::;:,:g,;;s
Gausovog filtra, linearna razmera

Hy (f)
THv,u
Voltage
transfer
function
-« Pulse bandwidth
By
)31 IRV V) SO -

f[_} —
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Funkcija prenosa snage %2::::::;"::,::.3;3
Gausovog filtra, linearna razmera

Hy ()
2
Ih2,
Power
transfer
function
-« Noise bandwidth
By
0.5 - e
1 f, — 1
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Odraz sinusoidalnog signala u IF %

Za heterodini
princip rada
analizatora spektra,
kada se posmatra
spektar sinusnog
signhala, ne dobija
se vertikalna linija
kao za FFT.
Umesto toga se
dobija

1 ap
CLRWR

Christoph Rauscher

Fundamentals of
Spectrum Analysis

*RBW 10 kH=z Marker 1 [T1]
*VBW 30 Hz -5.16 dBm
Ref 0 dBm Att 30 dB SWT 680 ms 1.00000000 GHz
0 nds [ T[] 3.oo as
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Input Christoph Rauscher

signal [F filter
Fundamentals of
! Spectrum Analysis

> —

Odraz IF filtra za ulazni
sinusoidalan signal
zbog “swept past”

v" Na rezonantnoj ucestanosti
treCeg spektra pojavljuje se
vecCa vrednost

v" Na rezonantnoj u€estanosti
drugog spektra pojavljuje se

Image of

resolution bangse manja VredﬂOSt

v Na rezonantnoj u€estanosti
prvog spektra pojavljuje se 0

f—=
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Ulazni signal zbir dve sinusoide

*RBW 3 kH=

Razlicite
rezolucije
propusnih

opsega

Crveno RBW=30kHz

Isti nivoi
sinusoida

Plavo RBW = 3 kHz

Christoph Rauscher
Fundamentals of

Spectrum Analysis

*VBW 3 kH=z
Ref -10 dBm Attt 20 dB SWT 45 ms
-10

- 30

|

~

- 40

=30 A I
Ty TV St WUt
5 My
|- 100
110
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Razlicite
rezolucije
propusnih

opsega

Crveno RBW=30kHz
Razliciti

Nivol
sinusoida

Plavo RBW = 3 kHz

Fundamentals of

Ulazni signal zbir dve sinusoide %spmmmwsis

*RBW 3 kH=z

*VBW 1 kH=z

Ref -10 dBm Attt 20 dB SwWT 135 ms
=10
20 !/f—__l\
- 410 [
- 60 ﬂ K\\
-70 /\
. ,/ / \ \
- 90
Y TS I g ‘L‘ml,w%
110
Center 100 MH=z 20 kHz/ Span 200 kH=z
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i Christoph Rauscher

i Fundamentals of
Spectrum Analysis

Ulazni signal zbir dve sinusoide

B., = 3dB bandwidth

ef Lvl VBW 200 Hz
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Rezolucija propusnog opsega 1 kHz
™ 2018
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= Christoph Rauscher
[

& Fundamentals of
l Spectrum Analysis

Vrste filtara

1. Analogni filtri (100 kHz - 10 MHZz)

v" Ne moze da realizuje Gausov filtar,
v" Odliéna aproksimacija samo do 20 dB,
v Odli¢an prelazni vremenski odziv,
v' SF 10-14, pai 4,6
2. Digitalni filtri
v' Moze da realizuje Gausov filtar,
v' Temperaturno stabilni nema efekata starenja,

v' Bez podeSavanja, kra¢e vreme sweep-a,
v" Rezolucija od 10 Hz do 30 kHz.

3. Filtri na bazi FFT
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Christoph Rauscher

Fundamentals of

Analizator spektra koriscenjem FFT %spect,.,m.ysis

T Conversion
A
: Analog
: bandpass
: filter
s f1o f—
| S—
Span

—|

EHEHE
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Christoph Rauscher
Fundamentals of
Spectrum Analysis

Detekcija anbelope IF signala

1 ‘
ZF‘H ] n\“ .. Envelpope Video
1~

1\ Envelope
r detection

=)

.
ii

[
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Detekclja IF anvelope

Christoph Rauscher
Fundamentals of

Spectrum Analysis

t—

VIF Wideo
0 t ~t+ 0
o—H— o
B Video filter
T I VIF l Rl| C+ l‘“\-’ideo T
ViE o | VVideo
Video filter
f.=RC
0 : 0 |
fiE f— fg fie

Bvideo
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Predstavljanje sinusoidalnog signala i?;’;ﬂf,’;‘,‘;"}f,ﬁ.‘;;s
kompleksnim rotiraju¢im vektorom
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Video signal (zuto), IF signal
posle IF filtra (plavo) za razliCite

ulazne signale (zeleno) |

rezultantni propusni opseg

|Ai|1|

hhhhhhhhhh

Fundamentals of
Spectrum Analysis

sinusoidal signal

ATIF Ame
AR
Ju .*U*JWNJ
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I l ~ l Fund Is of
Video signal (Zuto), IF signal !sp'écf,'.',ﬁ"fniuisas
posle IF filtra (plavo) za

razliCite ulazne signale (zeleno)
| rezultantni propusni opseg

AM signal
Opseg manji od 2 puta
modulacionog opsega

Alp Avideo
0 rem— 0 rem——
-1
fir
Bip |
|Ajnl | Al | Avigeol
i i
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|Ai|'||

Video signal (zuto), IF signal
posle IF filtra (plavo) za
razliCite ulazne signale (zeleno)
| rezultantni propusni opseg

| I

Ap Avideo
| |t

AM signal
Opseg veci od 2 puta
modulacionog opsega

Christoph Rauscher

Fundamentals of
Spectrum Analysis

| UUUUU\NH :

L By - |
| Al | Avideol
| o LLL] 0
fin P— fir f— fm
c) ~f = —f-

T™ 2018

24



Video signal (zuto), IF signal

! Fundamentals of
posle IF filtra (plavo) za

Spectrum Analysis

o . sum
razliCite ulazne signale (zeleno)
| rezultantni propusni opseg
ﬂTn AlF Avideo
0 — %Mht: 0 t—=
T Bip T
|Ain BV e | Avideol
L A
0 — fie — f—
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I I I I Fund Is of
Sinusoidalan signal sa malim i S bl
odnosom S/N za veliki

propusni opseg

REBW 300 kH=z
VBW 1 MH=
Ref -40 dBm Att 10 dB SWT 2.5 ms

—-50

L - 60 A

— 70

1 AP
CLRWR 80

=
| T I # T 1 | | | !
- 120
- 130 PRN
EXT
Center 100 MH=z 1 MH=z/ Span 10 MH=z
26

T™ 2018



Christoph Rauscher

Sinusoidalan signal sa malim e Eentals of
) . pectrum Analysis

odnosom S/N za mali propusni

opseg

moWW = VL) AROE
* VBW 300 H=z
Ref -40 dBm Att 10 dB SWT 280 ms
L -50
|60 =]
- 70
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cLrRwWR 80 /\
- 100
—-110
-120
—— 130
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27
T™ 2018



. . S
Impulsni signal sa velikim i S el
video propusnim opsegom

Marker
Amplituda je oslabljena sa
_malim opsegom

*VBW 10 MH= -38.30 dBm
Ref -20 dBEm Att 10 dB SWT 2.5 ms 1.00000000 GH=

L -30

L —40 A

-50

1 AP
CLEWR

—-60

L -110 PRN
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Center 1 GHz 20 MH=z/ Span 200 MH=z
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1 Q] I I Fund Is of
Impulsni signal sa malim video % Spectrum Araivi
propusnim opsegom

Marker
Amplituda je oslabljena sa
malim opsegom

* REBW 1 MH=z Marker 1 [T1]
* VBW 100 kH=z -43.50 dBm
Ref -20 dBm Att 10 dB SWT 5 ms 1.00000000 GH=

L -30

| _a0 : X
L _50 r"'"“!—h"\

— |/ R
R N R Nk WA Y VAN —
VA A V(I Vi Vi
1 |1 l'

L _9g

L -100

L -110

Center 1 GHz 20 MH=z/ Span 200 MH=z
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Video voltage —

.Samples

/\“‘\ / Izbor sempla koiji

hhhhhhhhhhhhhh
Fundamentals of
Spectrum Analysis

/' se prikazuje u
\ / ~ zavisnosti od

Displayed sample

- v f—
\ \k | )X
=@ Max Pdak
|
Fl AV
AV =
> ¢ Sampl
"'*I Auto Peak
-y
Min Peak @ -
|
Pixel n Pixel (n+1) : 30
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Christoph Rau

Fundamentals of
Spectrum Analysis

B ..
Analogna realizacija detektora :

Max Peak

T

lin Envelope T/
log detector \ A/D converter
A

L ,\! Sample ~__
— D — Display

[F signal ——=
Video filter

T/
Min Peak

Logarithmic amplifier

Max peak detektor

Min peak detektor

Auto peak detektor

Sample detektor

RMS (root mean square) detektor
AV (average) detektor

Quasi peak detector
™ 2018 31



CDMA Code-division multiple access
Gausov sum i CDMA signal

1 RM*
VIEW

2 AP *
VIEW

3 AV *
CLRWR

RBW 300 kHz
VEW 3 MH=
Ref -87 dBm Att 10 dB *BWT 5 s
~87 ‘l
s [ ]
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-97

Christoph Rauscher

Fundamentals of
Spectrum Analysis

Data signal

Pseudorandom code|

Transmitted signal:
data signal XOR witl]
the pseudorandom

Center 100 MH=z

1M

Hz/

Span 10 MH=z
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CDMA Code-division multiple access

Fundamentals of

Gausov éum | CDMA Slgnal Spectrum Analysis

&l) RBEW 3 MHz
VBW 10 MH=
Ref -24 dBm At t 10 dB SWT 1 s
-2": l
[ L. [ A
SGL
1 RM+# RMS
view | Average (lin)
R Auto Peak (log)
VIEW | 54 //
3 AV #
CLRWR | og
EXT
=29
P I A, Pt 8, ettt Mol ATy MWMMMVW%WY
H-30 =2.50dB
F=31 i
=32 *|
=33
-34
Center 2.2 GH=z 100 ms/ 33
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Marker funkcije za jednostavno s
merenje faznog suma ulaznog signala

«RBH 1@ kHz Delta 2 [T1 PHN]
«UBK 3@ Hz ~116.87 dBcHz  RAALELUINS
Ref -1@ dBam «Gtt @ dB SWT 6.8 s 300 . POAPRDRD KH-= SUEEP

13 - Hart-feet —HEH
Z.52 dBm

-2 t 4SS RARARAARA—HH=
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SGL SUEEP

--40
SHEEPTIHE

| =a HAHUAL
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BT J—
| [P P e

--10@

-110
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SHUTDOUN I DISP OFF




Christoph Rauscher

Evaluation of traces with the aid ) el
of limit lines

+RBN 1@ kHz
UBW 3@ kHz SELECT

Ref -1@ dBm Att 20 dB *SHT S s LIAIT LIHE

MIT DHEhf FA HEH LIHIT
HE, Lk Ljrlihlill-l A e -

! LH

EDIT LIRIT
LIHE ¢

coPY
LINIT LINE

DELETE
LIAIT LIHE

A& OFFSET

N LR T {11 1217 L 1

--90

100

=110
Center 2.4 GHz Span 4@ MHz

SHUTDOUH




Min. sweep time | s

Theoretically required sweep time as a function of

resolution bandwidth at a span of 1 MHz
10e+6 i
1e+6 \\\ i Fundamentals of.
100e+3 ‘\: - Spectrum Analysis
10e+3 \NN:E\\ I
N Example of sweep times that
T I can be attained with FFT filters
et I = in @ modern spectrum analyzer
10e+0 rs \:\ N
1e+0 4 1 \\\:\‘\\
¢ N
100e-3 I \’z\ . &
10e-3 N\N:\“\ :E ;5
1e-3 ‘\: —o—FFT filter (real)
\\:‘n FFT filter (theoretical)
100e-6 N \\\
10e-6 :\ N
1e-6 ‘ | INI\.\. !
1 10 100 1k 10k 100k iM 36
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Blok sema osnovnog digitalnog
komunikacionog sistema

The transmitter takes a sequence of bits (0 or
1) and creates a physical signal or waveform (e.g.
time varying voltage or light intensity) that is
carried over a channel.

sent

Bits to iz
b‘:.T ’bl 'b(,‘ /b_:_ ;b,-; froe Waveforms

Source

The channel (a wire, the
air, a fiber optic cable) may
modify the signal as it
carries it.

sent bits Transmitter

Sest < Waveforms
received to Bits received
bits - signal
Receiver

The receiver tries to figure out what
the transmitted bits were from the
received signal.

T™ 2018




Ekvivalentni nacini predstavljanja bita

Verbal

“"Encoding of the bit sequence 1,0,1,0,0,0,1 at 4 samples per bit”

Graph

x(n)

List, table or
vector of
values

n=[01234567891011121314151617 ... ]
x(n)=[111100001111 00 00 0 0...]

Sum of unit
step functions

x(n) = u(n) - u(n-4) + u(n-8) - u(n-12) + u(n-24) - u(n-28)

38
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Source

Dest <«

Prenos talasnog oblika kroz kanal
u komunikacionom sistemu

h,,b, DI IO

b, b IO NO e

Common
abbreviations:

T, = Transmitter
R.= Receiver

T™ 2018

_\_ﬂ_/_\_ sent

waveform

received
waveform




Primer uticaja kanala za prenos
na diskretni talasni oblik bita

y(n)

_)l —— _}nnnrmmﬂnﬂWhmmnmhﬂHhﬂn
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Primer jednostavnog protokola - prijemna strana

c+k | —
c+k/2
’training seq. \
bn bl b_-z b3 b4 b5 bﬁ b?
| ;(_JT | | | |

SPB ' TI

—
—
n
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Degradacija | regeneracija
digitalnog signala

Severely

degraded Regenerated

Original pulse Some distortion Degraded

JU o

5 Propagation distance
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Kodovanje recCi: THINK koriscenjem
6-bitnog ASCII koda

Message (text): "THINK"

T H I N K
Character coding * o s N - : “ s - o/ A \
(6-bit ASCII): 001010000100100100011100110100

J O\ F AN PN LA o o \ F RN
v v w W b L v L " "

8-ary digits 4 * * + * * * + + "

(symbols): 1 2 0 4 4 4 3 4 6 4

8-ary waveforms: s1(t) sa2(f) so(t) sa(t) salt) sa(t) sa(t) sa(t) se(t) sa(t)

43
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ldealno, Flat - Top odabiranje |

prirodno odabiranje

Amplitude
A

- /Analng signal
f, \
,f T TIITIE
II

Amplitude
A

TJ"

\/Analog signal
m ﬂ H TIITIE

= VLI

o

a. Ideal sampling

b. Natural sampllng

Amplitude

A
H Analcg signal

-

c. Flat-top sampling
T™ 2018
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llustracija idealnog odabiranja - vremenski | frekvencijski domen

-
m(t) my(H)= z ni(nT ot —nTy)
% =

s(hH= i o(t—nT,)
m(r) n= | M) |
(a)

e DU

(b) (e)
M s(0) NS
/Ty

my(t) Lowpass filter G |M'S (f)|

in=1
N Moy

il AANANA,

(d (2

W0 45




Frekvencijski domen signala koji je flat-top odabiran

Lowpass filter

|

N

|M_H (f }| (Flat-top sampling)

-2/, 7

W I

T™ 2018
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Konstrukcija dijagrama oka - rezultat nakon 60

Eye Diagram

odbhiraka, SPB = 10

Response to Random Bit Stream, SPB = 10

1 |

| | |
0 20 40 60 »5C 100 120 140 160 180 200

1#’.—— ——\
el TS —
0.5 %Q%
0 5 10 15 20

n
Channel: Exponential Step, a = 0.85, noise added
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Konstrukcija dijagrama oka - rezultat nakon 200
odbiraka, SPB = 10

Response to Random Bit Stream, SPB = 10

RN

0 20 40 60 SO 100 120 140 160 180 200

Eye Diagram

48

Channel: Exponential Step, a = 0.85, noise added



Eye Diagram

Dijagram oka za SPB = 15

Response to Random Bit Stream, SPB = 15

0

0 20 40 60 80 100 120 140 160 180 200

Channel: Exponential Step, a = 0.85, noise added

A AR VNS
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Eye Diagram

Dijagram oka za SPB =5

Response to Random Bit Stream, SPB =5

0 20 40 60 80 100 120 140 160 180 200

Channel: Exponential Step, a = 0.85, noise added
TM 2018



Sistem za digitalni prenos, bezicni kanal

 PSK (Phase Shift Keying) modulacija, digitalna fazna
modulacija

« PSK modulacija ze biti objasnjena na primeru binarne PSK
modulacije kada se prenose samo biti O ili 1

« Za prenos signala neophodan je RF nosilac, Cija je
frekvencija za WSN tipicno jednaka f.= 2,4 GHz
Za prestavljanje bita 0, s(t)
signal nakon modulatora je cos(2 « f_1),
dok je predstavljanje bita 1 fazno pomereno za ,
odnosno jednako cos(2 #f.t + &) = -cos(2 m f_ 1)

aaaaaaaaaaaaa

x
-1




BPSK modulacija

RF carrier

+1

Data waveform

— [p—

BPSK signal

sin(...) ili cos(...)
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Promena snage koja stize na
prijemnik Pr sa rastojanjem,

usled shadowing fedinga | multi-path propagacije

P,

Distance loss
+

e Olow fading
_I_
— Fast fading

r, distance TX-RX
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Direct sequence spread spectrum (DSSS) je
prosirenje BPSK modulacije

RF carrier

Data waveform

+1
‘ |HH ﬂ H‘ HHH H‘H } Spreading
x
waveform
.

D555 signal
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FDMA, TDMA, CDMA.

FDMA | DMA
o
[ =
)
o >
@ -
e =
. o
2 =
1))
£
=
time >
Everyone talks in a Within each room, Everyone speaks a

Conversation Analogy

different room to prevent
interference. Since the
conversation can’t be
heard from another room,
it can be filtered from the
other by going to the other
room.

everyone takes turns
talking to prevent
interference. Within each
room, one person is talking
at once, so they must talk
fastto say everything.

™ 2018

different language at the
same time in the same
room. Since each
language is unique, one
may be filtered from
another.
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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)




