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DSP sistem za obradu
analognog signala
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Odnos signal-sum (SNR)

SNR =6n+1.8dB

N

n je broj bita,

od O do Fs/2

Za Ceo opseg ucestanostsi

~

J
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Odnos signal-sum (SNR)

2
Vmax
8KTR Af

Nax = 10g2 V

R Je imedansa na ulazu,

T je temperature,

Af je opseg ucCestanosti,
k je Bolcmanova konstanta

\
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Dinamicki opseg — frekvencijski opseg

RESOLUTION (BITS)
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Degradacija SNR zbog dzitera

N
2 fsigz—a <1

7, Je rms dzitera,
/sie J€ maksimalna ucestanost
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A

Degradacija SNR |

_ 2VL e—t/TC
Aogq

P.

l

- H | . ~
Vin * TRACK LATCH

/Ui/\ TIME
P )

je verovatnocCa degradacije,
A je pojacanje,
TRACK/LATCH V' je napon izlaza (logike),

T Je vreme regeneracije
Procesiranje signala y
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Ostvarljiva rezolucija

11
10

ACHIEVABLE RESOLUTION (BITS)

S OO O N 0 W

THERMAL
LIMIT
T¢c = 10 ps
Te = 100 ps/
| 1 1 I
107 108 10° 100 10

INPUT BANDWIDTH
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Degradacija SNR

Vreme regeneracije komparatora,
Neidealni elementi (R, C, pojacanje)

Nelinearnost ulaz-izlaz

Differential nonlinearity (DNL)

Integral nonlinearity (INL)

Monotonicity
Absolute linearity

Missing code in A/D converter

The maximum difference between any actual

step and the ideal step size (1 LSB)
The maximum difference between the
conversion curve and a straight-line
reference
Larger input gives larger output
Maximum difference between ideal and

actual characternistics, including offset and

gain errors
Some digital codes cannot be generated

Procesiranje signala 10




FS
111
110
101
100
011
010
001

Staticke greske
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ofset
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FS
111
110
101
100
011
010
001

Staticke greske
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pojacanje
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FS
111
110
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100
011
010
001

Staticke greske

NON LINEAR

111
110
101
100
| 011
010
001

FS MEXCESSIVE NON LINEARITY
| "MISSING CODES

Procesiranje signala
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Greska kvantizacije

ANALOG INPUT

- %/‘E'Fk\lr\l\ t
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Vrste ADC

Flash — paralelni

Pipelining — protocni

Uzastopna aproksimacija

Sa nadodabiranjem (delta - sigma)
Serijski

Sa brojanjem

Procesiranje signala
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Flash
>——»ovsnnow 1.

VIN Ormesnn

2" - 1 N )
TO ¢y N-BIT
Ry N-BIT OUTPUT
» CONVERTER

2M41 UNDERFLOW

f

REFERENCE COMPARATORS LOGIC
GENERATOR

Procesiranje signala

Referentni naponi
Komparatori

Logika za konverziju
u binarni format

u jednom ciklusu
(trenutno)

2N-1 komparatora
4 b — 15 komparatora
16 b — 65535 komparatora
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Protocni

P*2N-1 komparatora
P=2, N=3 — 30 k.
P=4, N=16 — 60 k.

Kasnjenje
Vreme procesiranja

A | SAMPLE

AND HOLD

C

Procesiranje signala
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Protocni
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Broj komparatora — broj ciklusa
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Uzastopna aproksimacija

< DAC

A SAMPLE + >

Serija koraka se ponavlja A
n puta tako da se koriste | gAR syccessive
razliCiti tezinski faktori

approximations

Pobolj$ana rezolucija _ (shift) register
za 1/2bita

J
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Sigma-delta

INTEGRATOR COMPARATOR

DIGITAL
FILTER
AND

DECIMATOR

DIGITAL )

Analog-to-Digital Converter Architectures and
Choices for System Design, Brian Black,
Analog Dialogue, 1999.

Procesiranje signala

21



Spektralna gustina Suma

RMS SPECTRAL DENSITY

|

MODULATION NOISE
al
Zl
3
=1
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: QUANTIZATION ERROR
I
: ~
: N(f) spektralna gustina Suma
! E(f) kvantizacioni Sum
|
L L 1 | | | | | !
019 Procesiranje signala s/2

FREQUENCY
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Primer 1

* 4 kanala, 16 bita,
3 opsega od 0 do 15 kHz
1 opseg od O do 45 kHz

« Ucestanost odabiranja
(2x15+2%x15+2%x15+2%x45) kHz =180 kHz

Total
Throughput Effective Converters
(16-Bit Multiplexed Needed for
Converter Architecture Resolution) Throughput Application

<AD974 SAR 200 kSPS 200 kSPS |
AD7722 Sigma-Delta 195 KSPS Z.3kSPS 4

AD9260  Pipelined/
Sigma-Delta  2B0¢edu8isignala75 kSPS 3 23




Primer

2

* 16 kanala, 14 bita, opseg od 0 do 100 kHz

» UcCestanost odabiranja
(2x100%x16) kHz = 3.2 MHz

Total
Throughput Effective Converters
(14-Bilt Multiplexed Needed for
converter Architecture Resolution) Throughput Application
AD7865 SAR 416 kSPS 416 kSPS 8
AD7722  Sigma-Delta 220 kSPS 2.3 kSPS 16
<AD9240  Pipelined plrg)p;\;iignli:%leO MSPS 1 %




Uporedne karakteristike

Sigma-

Characteristic Flash Pipelined SAR Delta
Throughput @ 2 3 4
Resolution (ENOB) 4 3 2 @
Latency 1 3 2 4
Suitability for converting multiple

signals per ADC 1 2 3
Capability to convert non-periodic

multiplexed signals 1 2 3
Simplified anti-ahiasing .
Can undersample . . .

Can increase resolution through
averaging (with dither noiseF) * « *

rocesiranje signala 25




Uporedne karakteristike

TABLE 10-2 Properties of Basic ADC Architectures

Minimum Number  Typical Complexity
of Nyquist Periods Accuracy Minimum Number of Digital
Converter Type per Sample (bits) of Analog Stages Circuitry
Flash (half-flash) 1(2) 8(10)  2¥ 2% Medium
Pipeline/multiplexing 1, also N periods of 9 N Medium
delay (latency)
Serial N 14 1 High
Oversampling OSR ~ 128 16 1 Very high
Counting 2N 18 ] Medium

Procesiranje signala 26




Serijski

Procesiranje signgla

SET

i=0

V=V

NO V>0?

YES
4
V> 2VaeVy |V 2V.y;
l l i»i+1
b;=>0 by =1 >

27

STOP




Sa brojanjem

Procesiranje sigpala
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D/A pretvaraci
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7/8

Staticke greske

o d
f 000 001 010 011 100 101 110 111

Procesiranje signala

ofset
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Staticke greske

FS
7/8
3/4
5/8
1/2

1/4
1/8

0 ,
000 001 010 011 100 101 110 111

Procesiranje signala

pojacanje
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FS
7/8
3/4
5/8
112
3/8
1/4
1/8

0
000 001 010 011 100 101 110 111

Staticke greske

—

NONLINEARITY

FS

3/4
5/8
1/2
38
1/4
1/8

NONMONOTONICITY

Procesiranje signala

0 ,
000 001 010 011 100 101 110 111

nelinearnost
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10000000

01111111

GliCevi

WITH IDEAL DEGLITCHER

GLITCH

Procesiranje signala
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Arhitekture DAC

Paralelni
ProtocCni
Serijski
Nadodabiranje
Sa brojanjem

Procesiranje signala
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Paralelni DAC
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Protocni DAC

A

|||—Q
—O

5 LSB LSBV+ 1 LSB +2° MSB
INPUT WORD
INPUT WORD
I LSB LSB+ 1 LSB‘-I- 2 M§B Jr
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DAC sa multipleksiranjem

N N
INI:'U'I'O VAP ‘P N-BIT [PATH1
WORD EATEH D/A

N N

&<—p{LATCH }><—p- "6/5A'T

ANALOG
OUTPUT

—

c3lLA N-BIT
TCH (i "5
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Serijski DAC
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Sa nadodabiranjem

fst fsH 'sH 'sH

I

N N 1
INPUT INTER- TRUN- 1-BIT ANALOG | . ANALOG
WORD 7P| poLaTOR[™®| caTor [ pac [ Ler T OUTPUT

Procesiranje signala



DAC sa brojanjem

N
INPUT _ \
WORD

DIGITAL
COMPARATOR

ANALOG ANALOG
ACCUMULATOR [ ouTPUT
COUNTER |¢&—— CLOCK

Procesiranje signala
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Uporedne karakteristike

TABLE 10-3 Properties of Basic DAC Architectures

Minimum Number  Typical Complexity
of Nyquist Periods Accuracy Minimum Number of Digital
Converter Type per Sample (bits) of Analog Stages  Circuitry
Parallel 1 9 2V Medium
Pipeline/multiplexing 1, also an N periods 8 N Medium
of delay (latency)
Serial D/A converters N 10 1 High
Oversampling D/A OSR ~ 128 16 1 Very high
converters
Counting D/A ¢ 18 1 Medium
converters

Procesiranje signala 41



FAQ

» ADC osciluje
 ADC daje netaCne rezultate
 Podesavanje ofseta i pojacanja

Procesiranje signala

42



ADC osciluje

* ADC sa viSe kanala — ulaza osciluje

« ADC sa multipleksiranim ulazima mora da
iIma sve ulaze, koji se ne koriste, na masu

Procesiranje signala 43



ADC ne radi tacno

* U power safe vrsti rada — ne radi tacno
kada se ukljuci

* Posle vraCcanja u normalan rad, dva
merenje da budu da bi se stabilizovao, pa
tek od treCeg da se koriste rezultati

Procesiranje signala
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PodeSavanje ofseta | pojacanja

* Ne preporucuje se rucno podesavanje ofseta |
pojacanja, vec koris¢enje automatizovanog
sklopa

| d

-0 OP

V= =AAA= \/+

Procesiranje signala 45



Podesavanje za DAC

=
O

AD7541A

2R MSB

ANALOG
INPUT

Procesiranje sigmz
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Kako se Salje analogni signal na vece daljine?

TRANSMISSION TRANSMISSION
PATH PATH ANALOG
Vig - FREQUENCY DIGITAL fve [ output
COUNTER OUTPUT
Ly
CURRENT- ——— QUTPUT
" i

==

REFERENCE
INPUT

MULTIVIBRATOR
ARCHITECTURE

Vin

‘ INTEGRATOR
Rw -
+

ARCHITECTURE
COMPARATOR

Brsoscianicng

RESET INTVEGRATE T
-0 -0.6 VOLT
s1 THRESHOLD :1_[_: Cos

-~
~

CHARGE-BALANCE VFC

: FREQUENCY
> ONE-SHOT ——Guwm

‘ 1mA

> [t
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Potreban histerezis

R N R

- -.__".___..._,I__... o e

1

5V

Y| COMPARATOR

OUTPUT

14Hz 1V pk-pk

LOGIC HIGH —

COMPARATOR
OUTPUT
VOLTAGE

LOGIC LOW

I

LTP ! uTP

“l ] I

INPUT VOLTAGE

TRIWAVE
Cd A R 1)
——— || |ee—eoaDaTOR

OUTPUT

14Hz 1V pk-pk
TRIWAVE
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Auto-zero

Vino

CALIBRATE
S ¢

1/4 =
7408
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M)
¢

{

u u

—

Kondenzator

GROUND
PLANE

IDEAL HF DECOUPLING HAS

1. LOW INDUCTANCE CAPACITOR (MONOLITHIC CERAMIC)
2. MOUNTED VERY CLOSE TO THE IC

3. WITH SHORT LEADS

4. AND SHORT, WIDE PC TRACKS

IT MAY BE SHUNTED WITH A TANTALUM BEAD ELECTROLYTIC
TO PROVIDE GOOD LF DECOUPLING AS WELL.

THIS SORT OF THING IS USELESS!

Procesiranje signala
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Parazitni uticaj

OHM'S LAW PREDICTS 1 LSB DROP IN 5cm OF STANDARD
PCB TRACK - BUT WHO BELIEVES OHM'S LAW?

= 0.180Q
10cm
16-BIT
SIGNAL RO
SOURCE
5k
0.25mm 0.038mm "
WIDE THICK
;/- - V
FOR 10z COPPER
p=1.724 x10 Sohm-cm
X and
Y = 0.0038cm
=g Z T DV = 0.45mQ/ 0
pZ 100
- = RESISTIVITY 100_
R=== p R = 0.45 (0.25)
(%) (é) - (OHMS/SQUARE) (# OF SQUARES)

Procesiranje signala



Parazitni uticaj

* 0.00885E_A

C= pF
d

" A = plate area in mm?

? d = plate separation in mm
Er = dielectric constant relative to air

@® Commonest type of PCB uses 1.5mm
glass-fiber epoxy material with E_= 4.7

@ Capacity of PC track over ground plane
is roughly 2.8pFIcm2

Procesiranje signala
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Parazitni uticaj

SIGNAL

SIGNAL
SOURCE

VOLTAGE DUE TO SIGNAL CURRENT
<@~ AND (PERHAPS) EXTERNAL CURRENT
FLOWING IN GROUND IMPEDANCE

EXTERNAL
CURRENT
SOURCE

Procesiranje signala
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Procesiranje signala

TO NOISY
DATA BUS
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Prenos binarnih
digitalnih podataka

* Binarni podaci mogu da se prenose serijski
signalima koji imaju vrednosti +1 i -1

@ 4 a 4 4 Poslat signal

+1

Time

(a) Primljen signal je drugaciji zbog
nesavrsenosti kanala i ograniCenog

frekvencijskog opsega.
/ \ ,/\ Potrebna slozena procedura ekvilizacije
\/ \/ Time funkcije prenosa kanala.

(b) Procesiranje signala 56




Visetonski prenos
digitalnih podataka

* N binarnih cifara se moduliSe svojim nosiocem i sabira
* Prijemnik — koherentni demodulatori

2 I ]
L5 = g =
3 3=1 § 03 N\ a=- DMT
= 1 = 0 .
g £ s \ Discrete
0.5 ~ -
y Multitone
0 . . ngw
0 05 ! 0 0.5 ! Transmition
Time Time
I ' ] I '
2 05 3 0.5\
E! 2
£ 0 2 0
205 205
-1 -1
0 0.5 1 0 0.5 I
Time Time
1 1
g 0.5 S 05
2 g
2 0 a 0
205 205
= ] - Procesiranje-sighala o7
0 0.5 I 0 0.5 1

Time Time



DMT - discrete multitone transmition

Realni signali (sekvence)

{ap[n]}, {br[n]}, O0<k<M-1 uGestanost odabiranja F1

agln] k=0 N =2M
o ap[n]+ jby[n] 1<k<SN/2-1
a[n]=-
K bo[n] k=N/2
ap[n]—jbi[n] N/2+1<k<N-1 pre
1 N-1
wnl=— > a[mWy™, 0<ISN-1 p, _ ~j2z/N
N =0 N
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N-point IDFT

DMT - predajnik

uyln]
-1
u,(n] <
TN .
Nl N —d— DA
x[n]

Lowpass
filter

x, (1)

Procesiranje signala

To channel
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DMT - prijemnik

Y0 Lowpass y[n] volnl
a0 | S/H —{ A/D N
From channel [_filter ?—T‘_E
8 v,[n]
(1
- ®
s V7]

Procesiranje signala

N-point DFT

‘_’Boln]

‘_’BI [n]

_.BN—I[H]
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Karakteristika prenosnog kanala

H,(f) Kanal se modeluje kao vise
/ uskopojsnih kanala propusnika
opsega.
Priblizno konstantan u opsegu.

Magnitude

L

-

Procesiranje signala 61



Oversampling AD konverzija

UcCestanost odabiranja treba da bude
2 puta vecCa od najviSe ucCestanosti korisnog signala

Pre AD konverzije mora da se koristi filtar propusnik
niskih uCestanosti Cija je uCestanost granice propusnog
opsega jednaka najvisoj ucestanosti korisnog signala,
ucCestanost granice nepropusnog opsega neznatno veca
od granice propusnog opsega

Analogni filtar mora da bude visokog reda sa kvalitetnim
komponentama (visoka cena)

Filtar sa ostrom karakteristikom unosi fazna izobliCenja u
propusnom opsegu

Alternativa — uCestanost odabiranja je znatno veca, filtar
nema strmu karakteristiku, digitalnim filtrom se realizuje
oStra karakteristika, smanji se ucestanost odbiranja

Procesiranje signala 62



Analiza suma (1)

 AD konvertor sa b bita | ucestanost
odabiranja F’;

 Full-scale peack-to-peack ulazni signal
(napon) je R

* Najmanji opseg vrednosti koji se
predstavlja binarno 4V

AV — Rps  Rpg

Cgb_p 9b

Procesiranje signala 63




Analiza suma (2)

« Snaga kvantizacionog Suma je o,°

* Podrazumeva se uniformna distribucija greske u opsegu
izmedu —AV/2 1 4V/2

« Gustina Suma je snaga suma
po jedinici frekvencijskog opsega (noise density)

* Snaga (ukupna) u korisnom opsegu (in-band noise power)

2 > (ar)?
Gezz(AV) P

12 e’n_FT/Z_ OF
o’ (RFS/Zb)z/IZ F,
Fotal = -

FT /2 B Pl@esiranje signﬁT /2 64



Analiza Suma (3)

Za ucestanost odabiranja F,=2F , broj bita

Za ucestanost odabiranja F,=2MF, , broj bita je b
Oversampling ratio (OSR) M=F,/2F

Koristi se idealni filtar propusnik niskih ucestanosti
Koliko bita treba manje za vecCe M?

Brzi a manje tacan
1 AD konvertor —

p=b+ E log, M ekonomiénije resenje

M=1000, b=8
Isto kao da se koristi
M=1, b=13

Procesiranje signala 65



Sigma-delta (2A) AD konvertor

2MF,, 2A1F,,, 2MF,, 2F,,
Analog + l Analog ] 1-bit M 5h btar'd + l Digital
input 5 " integrator [ | A/D converter lowg;glssaﬁlteq b "l 3 ™ output
1-bit
D/A converter
Sigma-delta quantizer Decimator — __.
b=1 b>1

Procesiranje signala 66



Sigma-delta konvertor (1)

N = 20;
n=1:1:N;

m = n-1;

A =0.8;

x = A*ones(1l,N);

subplot(2,1,1),
plot(m,x) ;
subplot(2,1,2)
y = zeros(1l,N+1);
vl = 0;
for k = 2:1:N+1;
vl = x(k-1)

- y(k-1) + vO;

y(k) = sign(vl);

v = vl;
end
yn = y(2:N+1) ;
stem(m, yn);

Procesiranje signala
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Sigma-delta konvertor (2

Input analog signal

T T T T L ] T L] T

0.5

T
1

Amplitude

-0.5

T
1

1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18
Time
Output of sigma-delta modulator

1(} T T |l T |l |l €>

05F -

Amplitude

-0.5

T
1

Time
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Sigma-delta konvertor (3)

wo = 2*pi*0.01;

sequence = ') ;
N = 100;
n=1:1:N;

m = n-1;

A =0.8;

X = A*cos (wo*m) ;

fig
H =
YF

out =

axi
plo

xlabel ('Time'); ylabel ('Amplitude’') ;

tit

ure
[1 1 0.5 zeros(1,N-5) 0.5 17;
Y.*H;
ifft (YF);
s([0 N-1 -1.2 1.2]);
t (m,out) ;

le ('Lowpass filtered output')

Procésiranje qmnala
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Sigma-delta konvertor (4)

Input analog signal

lllllllll

utput of sigma-delta quantizer

lllllllll

._E
———%
e
———————
—ee
.
e — 1
———————
.
———
e

=i
.
——————
e
————
———————————
—————————
R
.
—
3
3
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Sigma-delta konvertor (5

Lowpass filtered output

1 T T T T T T T T T

Amplitude

Procesiranje signala
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CIC decimator

yin) "T J ------ : |R
+ +
-1 7

K sections K sections

+ o, Digital

j'/ output

{_,~RN K
—Z

&)= |-z
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Oversampling DA konverzija

* DA konverzija se sastoji od konverzije u
kontinualni signal i analognog filtra

* Ako je ucCestanost odabiranja blizu dvostrukoj
najvecoj ucestanosti korisnog sgnala, filtar mora
da ima ostru karakteristiku, da bude visokog
reda, od skupih komponenti

« Da se znacajno poveca ucestanost odabiranja,
digitalnim filtrom potisnu nezeljene komponente,
upotrebi ekonomican analogni filtar (niskog reda
od komponenti koje nisu skupe) koji ima siroku
prelaznu zonu

Procesiranje signala 73



Digital
input
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Ulazni i izlazni signal DA konvertora

Digital input Analog output of DAC
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Digital output of interpolator
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Filtrirani signal

Filtered output of conventional D/A converter

Amplitude

Time

(a)

Procesiranje signala

Amplitude

Filtered output of oversampling D/A converter
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Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrze materijale preuzete sa Interneta,
stru€ne i nauCne grade, koji su zasti¢eni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze Kkoristiti 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 plaéanja
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)
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