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Analégovy vs. Digitalny

Verification for Temperature Observation at: 48.19°N 17.05°E (230 m a.s.l.)
Distance from verificaton site: & km

Temperature (°C)
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[ forecast too warm [ forecast too cold Local Time: CET
VZORKOVANIE = SAMPLING
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Analoégovy vs. Digitalny
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Source: http://morguefile.com/

Analégovy vs. Digitalny
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KVANTOVANIE = QUANTIZATION

Vzorkovanie
Nyquist -- Shannon -- Kotelnikov

x(t)—>x0)xl)x2)...,xn:xk:x(kT)

kde T je periéda vzorkovania I :i

A

fs>2fmax

SIGNAL (time scale in seconds)
Signal frequ. (Hz) = 20.1 Alias frequ. (Hz) = 2.1 Sampling frequ. (Hz) = 18.0
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http://195.134.76.37/applets/AppletNyquist/Appl_Nyquist2.html




Vyskusajte: Rekonstrukcia

Aka bude zdanliva frekvencia, ak signal s f = 10Hz

budeme merat 8x za sekundu?
Voltage for ADC

Analog signal

IGNAL (ti e in seconds)
Allas frequ. (H2) - 2.1 y fisqu. (He) - 18.0 5
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Kvantovanie Kvantovanie

Figure 2.13 from [Miiller, FMP, Springer 2015] [ 1 _________ 1 1
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Sample & Hold A/D prevodnik I.

Analog Signal

2.
! \ Digital Signal
AI«{ QT{ >— A0
C
T Input ' ' ' ' QOutput

S— S fepvaic
Electrical symbol {edi;

n,—<IN ADC out|- JUL"




Operacény zosiliovaé
operational amplifier, Op-Amp

Idealny zosilfiovac:

U 1) A=
U+ uOUt 2) Rust =
l 1 3) Rwst=0

g

5) Uout = 0 ak Udiff = 0

uout: A (u+ _ u_) 6) Umax = ©

Operacné zosilnovace
Zakladné vlastnosti

Jednosmerné zosilnenie |
« suihlasné (sufazne)
« rozdielové

A je jednosmerné rozdielové Uout= A (u+ - u-)
zosilnenie naprazdno (idealA=«)

Au
A: out :tg ﬂ
Au,
! Up
AR
Ubo je vstupna napatova nesymetria (tiez napatovy >r-<Po
ofset - Ubo je potrebné do vstupu na Uout = 0)
A/D prevodnik
Komparator
_______ l If Viy > Vaes then Vaur = +Ver
If Vi < Veer then Vour = Vo Vi
o, Vee e} Saturaion

|
I Vi Ve
|

Vi
T ™

e
L . T
________ =F o B Vi ¢ Vn<Vie |f—NomaLinesr
ag I Ragion
& ¥,
Vee Saturation =

11. Histéria
Technology

TI's OPA2188: first
zero-drift, 36-V
operational amplifier
(2012)

ADI's HOS-050: a

high speed hybrid

IC op-amp (1979)

Early FET input
AD op-amp (1970)

GAP/R's model
PP65: a solid-state
op-amp in a potted
module (1962)

GAP/R's model
P45: a solid-state,
discrete op-amp
(1961)

Operacéné zosilnovace

Zakladné vlastnosti > U U
Jednosmerné zosilnenie suhlasné l ! |
Realny OZ zosiliiuje i sthlasné ug,, l _T_ _T_
u_Fu,
Yeu =" Uo= A (U, - U)

jednosmerné suhlasné zosilnenie B
U= A tupt+ Bty

- kvalitny zosilfiova — B, << A

0
cinitel potlacenia suhlasného napatia CMRR= B
CMRR (Common Mode Rejection Ratio) 0
Poznamka:

V katalégoch tiez ako diskriminacny sucinitel k. Reélne byva 10° + 107, resp. 80 + 100 dB.

Paralelny A/D prevodnik

+ Uref

Vyhodnocovaci |1/, _DATA
obvod
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Integraény A/D prevodnik Integraény A/D prevodnik

Single-Slope ADC Architecture

Integracny A/D prevodnik A/D prevodnik II.

Dual-Slope ADC Architecture

stopE= N stopE= YREE (coNSTANT SLOPE)
RC RC

Analog Signal

Digital Signal

Teer

— . e

{ Input ' ' ' ' QOutput
Vi

VREF
RE T " Re &

VIN
CRL
& Vier

HIGH NORMAL MODE REJECTION AT MULTIPLES OF ——

T
Vin/R %
vi

Electrical symbol {edi;

n, —<IN ADC out}- JUL"

A/D prevodnik A/D prevodnik

Komparator
S AN GTE |Vyhodnocovaci| "/ DATA
- + obvod / "
Upa, D/A ”
-prevodnik |

OBR. 49. A/D prevodnik s postupnym prevodom

https://senzor.robotika.sk/mmp/anim/sac.html



Clock ]

SAR

L, EOC

A

DN-l DN-Z D2DI

Dy

VRer

DAC

Comparator

S/H

Referenéné napatie

2.1.2 Trojsvorkovy zdroj referenéného napitia REF-01
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RC Low Pass Filter Circuit

Filter

Resistor, R 1
Vo Capaciler, C T Vour
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Frequency Response of a 1st-order Low Pass Filter
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A/D prevodnik
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Sigrel IB’vts

Processor
Operational Amplifier wliplier/Divider/Mimr Micro-
Differential Amplifer ner Processor
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Multiplexer Multiplexer

Mux Demux
Conversation A Canversation A

Conversation B <y,
oG -
Conversatbn D 3—

Conversation E

I

— Cut
oo
TMUX1247 Mmoo - |
Op Amp, Precision

wl el ol il
- ADC (e }ue (e 2}

i

el

S1

Current Sensing

A
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Proto
LED  Detector
Optical Sensor

S2 g Sy

Analog Inputs 4to 1 Analog Multiplexer

v

SELS

Multiplexer

MC14051B

8—Channel Analog
Multip /Demultip
s v Teraz uz pozname vsetky zakladné

“““ bloky, ktoré sa nachadzaju v tom ADC
ktory je implementovany v ATmega328P
dH =" HEEI R EBEHE
15 (Control), and V;, = - 220 - 80 280 - 300

Atmel e

ADC CoWERSION
CONPLETE 170 oL
O I A= B T B e [
50T DATA DUS et L

){ MRS w9 4 5 o o o o
B e ;
- ADLAR=0
o A B e - o
& o I L L R
g feswe A m n m R on oA w
E : I
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A & O H ADLAR= 1
SONeARATOR H
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EE T o e e e

ADCSRB - ADC Control and Status Register B

Rl > vae 0

ADC MULTIPLEXER
i PUT

200 MUTPLEXER

I: 0011

e — DEFAULT
analogReference(INTERNAL);

measuredValue = analogRead(®);



Spustenie prevodu:

Bit 7 6 5 4 3 2 1 0
[ Jaove [ - T - ADTS2 | ADTSt | ADTSO | ADCSRE
—— ReadWite R RW R R R| Rw RW  Rw
Fores rore: [oreo [ Tamersemes
0 o 0| Free Running mode. Initial Value 0 0 0 0 0 0 0 0
o [0 |7 [#aoscomentr
v o | Erenamenpinmeao \ J
o | TeiCninoconpae o A
"o [ o | mcommoomtor
[0 || TowiCoton Conparotan®
1 1 0| TimenGountert Overfiow PRESCALER
T [ Tecenen copo s
[BDCSRBADTS 2:0]
START ClKye
ADIF — [BDCSRAJADAT
SouRCE 1 —|
—r . CONVERSION
Loaic
» == EDGE
souncen —| DETECTOR
ADSC
ADC
On
Bit 7 6 5 4 3 2 1 0
noeN_ || aosc [ noaTe | aDF | ADE | Avps2 | Abpst | Abpso | ADCSRA
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Casovanie prevodu:
Figure 23-5. ADC Timing Diagram, Single Conversion :D—'

Next Co
3 Nt

DG Prscaler

One Cenversion

[rlelel

soooes [~ K1Y ML L LML LML LU LN =

|
Gycle Number af s o] 7] 8| o] w0 1| 2 w9

[ 1] 2.

ADSC A ! VT
I I I I
ADIF i i I
I L P
ADCH 111 _Sign and MSB of Resul
eI V7171 7771777 7 HITHTTTIK s otresin
T T<= > e
~_
\\ - Sample & Hold o // "
MUY and REFS Complete il Update
Update

Table 23-1._ADC Conversion Time.
‘Sample & Hold ‘Conversion Time
Condition (Cycls from Start of Conversion) (Cycles) . . - . .
S R % Prevodn!k potrebu]g k spravnej funkcii vshjpnu
i taktovaciu frekvenciu v rozsahu 50 kHz az 200 kHz.
formal conversons,singe ended 15 1
‘Ao Trggered conversions 2 135 Optimum je 100 kHz. 9

Zdroje napit'ovej referencie:

ADMUX—}N‘-IIMN‘I{! ‘Selection Register
O it ) e B L L LS L
| 0 -

wawo [ 0 0 o o o 0 o o

1 AD5B4
H -ADC
Symbol | Parameter Min | Typ | Max | Units |
Voe=27
Ve | Bandgap reference voltage Ll 10 11 12 v
i
tas | Bandgap reference start-up fime ¥°f§52£ 0 0 s
i
Voo2.7
las | Bandgap reference current consumption oA 10 A

Cena cca 20Eur

Preddeli¢ a ¢asovanie prevodu:

ADCSRA - ADC Control and Status Register A

Bit 7
(Ox7A)
ReadWite R
Initel Value 0

ADC Prescaler

ADEN
START Reset

7-BIT ADC PRESCALER
cK
|
ol ¥ of & 8§ g
vl 2| ¥ 2| ¥ 2| ¥
Ol Of O] O] O] O] O
o2 1 o
[mr‘.sml apes2 | appst | appso | imece
0 [ 0 2 Y
I
o T T T ] ADPSI
L~ 17 ADPS2
1 1 0 64
T
ADC CLOCK SOURCE
Napajanie:

Figure 23-8. ADC Power Connections

AVcc - je pinpre na
napé

Analog Ground Plana

[Jreamocs)
[ rezioce)

PC4 (ADCHSDA)

i
8
2
g
[]

prevodnik.
H
|
Vstup analégového kanala:
1+100kQ
Csu=14pF T
Vo2

Ta ”1

a@—TT A eirom 5

6

5

0 0 0 0

Prevodnik potrebuje

k spravnej funkcii vstupnu
taktovaciu frekvenciu

v rozsahu

50 kHz az 200 kHz.

Optimum je 100 kHz.

jupuial
— U nEn

pajacie

ie pinov PortuC a

napajanie ADC. Napétie tohto

pinu sa nesmie lisit od V¢ 0
viac ako £0,3V.

AREF - je pin analégového
referenéného napatia pre A/ID



Vzorkovacia frekvencia A/D prevodnika
Pr.: (Opakovanie; Procesory AVR £, = 200kHz ):

A/D prevodnik s postupnou aproximaciou ma max.
frekvenciu vzorkovania. 15 kSPS . M6zeme tvrdit, Ze
Nyquist-ova frekvencia je cca 7.5kHz?

Odpoved: NIE!

200 000/13 =15 000
15000 /2 =7500
(1/200 000)*13 = 65 E-6

[ =7.5kHz2 T =133.3ps

Cas jedného prevodu pozostava z:

Figure 102. ADC Timing Diagram, Single Conversion

One Cerversion Noxt Comversion
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Pr. ADC: -read

unsigned int adc_read(char a_pin){
a_pin &= 0x07;

€«

ADMUX = (ADMUX & @xF8)|a_pin;

ADCSRA |= (1<<ADSC);// spustenie prevodu
while(ADCSRA & (1<<ADSC)); // pockam na dokoncenie prevodu

return (ADC); ADC
} On
Bit 7 6 5 4 3 2 1 0
ADEN || ADsC ADPs2 | ADPSt | ADPSo | ADCS
e m—mm——————— -—— )
1 Input Channel Selections h ReadWite | RW [ RW [ RW  RW  RW  RW  RW RW
3| 0000 ADCO }
1] o001 ADC1 S —— I I I
HE ADC2 '
1 Bit 7 6 5 4 31 2 1 0
1 oo ADC3 H Aomux
: 0100 ADC4 1 ‘ REFS1 ‘ REFSO ‘ ADLAR MUX3 I MUX2 ‘ MUX1 ‘ MUX0
1| o101 ADCS : Read/Write RW RW RW R rw 1 Rw RW RW
[ L S ——— Initial Value 0 0 0 0 o oo o ___o.l
P T
= = = = = = ADCS | ADC8
AT [ RO | AOCE | ADCE | ADCE [ ADCE [ ADCT [ A0CD 15
——

Pr. ADC: - inicializacia

void adc_init(void){

ADMUX = (1<<REFS@);// AVCC - nastavenie zdroja ref. napatia
ADCSRA = (1<<ADEN)// "zapnutie" ADC
| (1<<ADPS2) | (1<<ADPS1) | (1<<ADPS®); // nastavenie preddelica

Division Facor

@
(3

} P
)
ADC ; ) o
On
Bit 7 6 5 4 3 2 1 0
ADEN | ADSC _ ADPS2 | ADPS! | ADPS0 |APCSRA
ReadWite | RW | RW  RW RW  RW RW  RW  RW
Initial Value | 0 0 0 0 0 0 0 0
Bit 7 3 5 4 3 2 1 0
< '?‘]"WW“"Wﬂ' i REFS | REFSO |[ADLAR [ - ‘ MUX3 ‘ MUX2 ‘ MUX1 ‘ MUXO “DMUX
i il et ReadWrite | RW  RW || RW R RW  RW  RW  RW
11| ool ol Rt el et A o
— Inital Value | 0 0 0 0 0 0 0 0
Uger =5V
P S S N
- - | - [ - | - [ - [Aoco] aocs]
ROCT | ADCE | ADCE | ABCH | ROCT [ AOCE [ AGCT [ ADCE
—— %




