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“Ii Resurse ATMega pentru semnal analogic iy

e Comparator analogic: compara un semnal de intrare cu alt semnal de intrare,
sau cu tensiuni de referinta, indicand printr-un bit relatia dintre aceste tensiuni
(care este mai mare), sau producand cereri de intrerupere

e Convertor analog/digital pe 10 biti, cu 16 intrari analogice multiplexate:
converteste semnalul analogic intr-o valoare numerica intre 0 si 1023.
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“Ii Convertor Analog/Digital $3%=

Conversia semnalului analogic in semnal digital

Transformarea unui semnal analogic (tensiune) de intrare intr-o valoare digitala pe
10 biti

Intrarea poate fi “single end” — tensiunea de intrare se calculeaza intre pinul de
intrare si GND, sau diferentiala — diferenta de tensiune intre doi pini de intrare

e Pentru intrarea diferentiala, se poate utiliza amplificare (Gain)

Vpos =V, . Gain - 512
ADC = Viy * 1024 ADC — (Vpos — Vgg) - Gain
VREF VREF
ADC: 0...1023 ADC: -512...511, complement fata de 2

eV, poate fi:
— AVCC - conectat in placa la VCC

— Ay — tensiune externa de referinta
— Tensiune de referinta interna 2.56 V

2019 Cluj-Napoca 3
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Convertor Analog/Digital $32e

ATmega 328P

Rezoluie — 10 biti

Single ended — 8 canale multiplexate

Intrare senzor temperatura

Optional — ajustare stanga / dreapta
pentru citirea resultatului ADC

Interval tensiune intrare: 0 ... VCC

Tensiune de referinta: 1.1V interna

Moduri de functionare:
* Free running sau Single Conversion
* Interrupt on ADC Conv. Complete
* Sleep mode noise canceller

ATmega 2560

Rezoluie — 10 biti

Single ended — 16 canale multiplexate
Diferentiala — 14 canale

Diferentiala — 4 canale cu amplicare
(optionala 10x sau 200x)

Optional — ajustare stanga / dreapta
pentru citirea resultatului ADC

Interval tensiune intrare: 0 ... VCC
Interval tensiune intrare: 2.7 V — VCC

Tensiune de referinta: Selectabil 2.56 V
sau 1.1V (interne)

Moduri de functionare:
* Free running sau Single Conversion
* Interrupt on ADC Conv. Complete
* Sleep mode noise canceller
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“li Convertor Analog/Digital $3%=

* Principiul de functionare ] 2R v
.. . . N r—10—_F—1—°V,
e Comparatii succesive cu o tensiune de referinta , R

e Principiul este similar cu cautarea binara

+ R LR
b] L]

— R
2R L
b D
VREF 0 -
2R
FS T
1 Bit = 0 .
_-— p— it =
34 FS T git= 1 B pnalog
Data Out :Bn_1 _____ =1 | | Input
12 FS 1— -
4 Test | Test | Test | Test
— MSB |MSB-1|MSB-2| LSB
14 FS |
0l /
DAC Output | Digital Output Code = 1010

2019 Cluj-Napoca 5



~Y

g5s
I e o I ggz‘:
Convertor Analog/Digita 3%
* Schema bloc A COMPLETE IRQ
e Sectiunea conversie si control N
FLAGS
ADTS[2:0]
< 8-BIT DATA BUS CO”trOl >
v v 3: s 1
ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
BNEIEEEEE FENEEEE Y A Rezultat
il oL B »| TRIGGER %
»| SELECT 2
Y Y .Y vvy
MUX DECODER ¥ v ¥ _DPeclgnsare $i temporizare
- PRESCALER |4——
Tensiuni de referinta | ; — : .
g % CONVERSION LOGIC

AVCC

AREF

INTERNAL 2.58Y

REFEREMNCE

N

Generare semngl analogic de comparatie

SAMFLE & HOLD
COMPARATOR

Y

10-BIT DAC /—

>

Semnalul analogic de convertit
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$35%:
“Ii Convertor Analog/Digital 3%

* Schema bloc — sectiunea de selectie a intrarii

Selectie intrari single ended (sau pozitive pt. diferential)
GND . ~Y_

Catre modulul de conversie

a

BANMDGAP
REFERENCE

ADCT

.\ SINGLE EMDED / DIFFEREMNTIAL SELECTION

ADCE

POS. ADC MULTIPLEXER

ADCS RPUT ' » OUTPUT
ML
ADC4

ADC3 K&AIN
AMPLIFIER
ADC2 o 17
ADCH . / Selectie normal/diferential
Amplificare
ADCO| | o |

NEG.
INPUT
ML

Selectie intrari negative (pt. Diferential)
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ilr Convertor Analog/Digital ATmega 328P

8-BIT DATA BUS

ADC CONVERSION
COMPLETE IRQ

AVCC

AREF

i

L IEE

15 T i}

ADC MULTIPLEXER

ADC CTRL. & STATUS

‘ [ REG

ISTER (ADCSRA) ‘ ‘

ADC DATA REGISTER ‘

SELECT (ADMUX) (ADCH/ADCL)
- - = A 'y
gl B % Z| & 5| 8 7 olelel 2 3 8
§ B3 233z 4858 3853 ;
-
A Y Y Y
MUX DECODER
FPRESCALER
E h A
o
Y o CONVERSION LOGIC
¥ g
[ |~ : .
INTERMAL 1.1V
REFEREMNCE A J SAMPLE & HOLD
COMPARATOR
& - 10-BIT DAC -

TEMPERATURE
SENSOR
BANDGAP
REFERENCE

GND

]

ADC7

ADCE

INFUT

+

ADC MULTIPLEXER

ADCS5

ADC4

ADC3

ADC2

ADC1

ADCO

[T

MUX

» OUTPUT
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“r Convertor Analog/Digital ATmega 2560

ADC CONVERSION
COMPLETE IRQ

INTERRUPT

FLAGS
ADTS[2:0]
__ 8-BIT DATABUS -
- [} [ 1 i [ >
Ll w
[=] a
Y Y ] | = 15 0
ADC MULTIPLEXER ADC CTRL & STATUS ADC CTRL & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER B (ADCSRB) REGISTER A (ADCSRA) (ADCH/ADCL)
4 ]
= = o z| w =y ol
= = 3 3 w3 & @| w -
g 53 3 29 2 28 4 :
=
i = TRIGGER =
»| SELECT
Y Y Y s
TART
MUX DECODER PRESCALER
3 r v v ¥
= 5
AVCC i o CONVERSION LOGIC
@ z r
INTERNAL o 5
REFERENCE g ;_-
(1.1V/2 56V) T L
o [=1 Y
AREF 10-bit DAC .
.
SAMPLE & HOLD
COMPARATOR
ADC[2:0]
Y
ADC[10:8] >
+ GAIN
AMPLIFIER

.

ADC[15:0] I:}

BANDGAP (1.1V) ADC
REFERENCE = MULTIPLEXER
QUTPUT

oo [ fF—1—
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Convertor Analog/Digital

* Configurare convertor

— Activare — setarea bitului ADEN din registrul ADCSRA
— Folosire intreruperi la terminarea conversiei — setarea bitului ADIE din ADCSRA

— Selectie frecventa pentru ceasul convertorului: bitii ADPS2:0

2

0

| ADIE ||| ADPS2 | ADPS1 | ADPS0D || ADCSRA
RAN RN RAW RAV RAN RAN R/
ADPS2 ADPS1 ADPSO Division Factor
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

2019
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Convertor Analog/Digital $32e

Selectia tensiunilor de referinta:
* bitii REFS1:0 din ADMUX (ADC Multiplexer Selection Register)

ATmega328P (UNO)

6 | 5 4 3 2 1 0
{'DJ(?C} ‘I REFS1 REFSO I ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 I ADMUX
Read/Write RW I R/W R/W RW R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
ATmega2560 (MEGA) ATmega328P (UNO)
REFS1 FIEFSD- Voltage Reference Selection'" REFS1 | REFS0 | Voltage Reference Selection

0 0 AREF, Internal Vggr turned off 0 0 AREF, Internal V  turned off

0 1 AVCC with external capacitor at AREF pin 0 1 AV with external capacitor at AREF pin

1 0 Internal 1.1V Voltage Reference with external capacitor at AREF pin 1 0 Reserved

1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin 1 1 Internal 1.1V Voltage Reference with external capacitor at AREF pin

2019 Cluj-Napoca 11
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Convertor Analog/Digital $32e

* Configurare date de iesire si accesare rezultate

* Dispunerea celor 10 biti de date este controlata de bitul ADLAR (ADC left adjust)
din ADMUX

7 & 5 4 3 2 1 0

RAW RN RAN RN

ADLAR = 0 — ajustare la dreapta ADLAR =1 — ajustare la stanga

15 14 13 12 11 10 ] ] 15 14 13 12 11 10 9 8

= - - - - - ADCS ADCS ADCH ADCS ADCSE ADCT ADCE ADCS ADC4 ADC3 ADC2 ADCH

ADCT ADCSE ADCS ADC4 ADC3 ADC2 ADCH ADCO ADCL ADCAH ADCO - - - - - - ADCL

7 ] ] 4 3 2 1 0 7 6 ] 4 3 2 1 0

* Citirea datelor: prima data se citeste ADCL, apoi ADCH. La citirea ADCL, registrul
ADCH ramane cu aceeasi valoare pana este citit

e Daca ADLAR = 1, se poate citi doar ADCH, ca rezultat pe 8 biti (rezolutie mai
scazutad) ADCH = Vin * 256 / Vref

2019 Cluj-Napoca 12
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“Ii Convertor Analog/Digital 3%

e Selectia intrarilor — Configurarea bitilor MUX din ADMUX

MUX3..0 Single Ended In put MUX5:0 Single Ended Input Positive Differential Input | Negative Differential Input Gain
0000 ADCO 000000 ADCO
000001 ADC1
0001 ADC1 000010 ADC2
0010 ADC2 000011 ADC3 A
0011 ADC3 000100 ADC4
000101 ADC5
0100 ADCA 000110 ADCE
0101 ADC5 000111 ADC7
0110 ADCB 001000 ADCO ADCO 10%
0111 ADC7 001001 ADC1 ADCO 10x
oo1010™M ADCO ADCO 200x
1000 ADC8" 001011 ADC1 ADCO 200x
1001 (reserved) 001100M" ADC2 ADC2 10x
1010 (reserved) 001101" ADC3 ADC2 10x
001110 ADC2 ADC2 200x
1011 (reserved) 001111 ADC3 ADC2 200
1100 (reserved) 010000 i ADCO ADCT 1x
1101 (reserved) ...
1110 1.1V (Vgg) 011110 1.1V (Vge) A
1111 0V (GND) 011111 0V (GND)
100000 ADCB8
ATmega328P 100001 ADC9
100010 ADC10
Aceste tabele nu contin toate combinatiile! 100011 ADC11 ATmega2560
- datasheet-ul corespunzator chipului 100100 ADC12 NA
100101 ADC13
100110 ADC14
2019 100111 ADC15
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“Ii Convertor Analog/Digital 3%

) 6 B 4 3 2 1 0

* Declansare conversie

— La cerere — scrierea bitului ADSC din ADCSRA. Acest bit ramane ‘1’ in timpul
conversiei, si se sterge la terminare

— Automat, declansat de variatii ale semnalelor de intrare — daca bitul ADATE din
ADCSRA e setat. Una din surse este ADIF — flag-ul care semnaleaza terminarea unei
conversii, si eventual cererea unei intreruperi. In acest caz, o noua conversie incepe
cand se termina cea anterioara.

— Sursele pentru declansare automata = bitii ADTS din ADCSRB

ADTS[2:0] »  PRESCALER ADTS2 ADTS1 ADTSO | Trigger Source
0 0 0 Free Running mode
0 0 1 Analog Comparator
START CLK 4o 0 1 0 External Interrupt Request 0
ADIF - ADATE 0 1 1 Timer/Counter0 Compare Match
SOURCE 1 —— L 1 0 0 Timer/Counter0 Overflow
_____ 5 D_ CONVERSION 1 0 1 Timer/Counter1 Compare Match B
————— LOGIC 1 1 0 Timer/Counter1 Overflow
L e EDGE 1 1 1 Timer/Counter! Capture Event
SOURCE n DETECTOR
ADSC
7 6 5 4 3 2 1 0
| - ACME - - MUX5 ADTS2 ADTS1 ADTS0 || ADcsme
R RW R R RIW RAW RIW RW
0 0 0 0 0 0 1] 1]
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“Ii Convertor Analog/Digital 3%

* Timpi de conversie, diagrame de timp

One Conversion < Next Conversion
osenumcer | 1| 2| e 4| s | 7| e of o u| e w| | 1]z]:
ADC Clock
ADSC _W: : ill[/:
ADIF : ! t

| I |
aock /111 T T T T 77T T 7T 2K s of Res
ADCL /////////////////////////////////////////////////////////X LSB of Resut

+\_ Sample & Hold Conversion _/-> +\ MUX and REFS
MUX and REFS Complete Update
Update
Sample & Hold (Cycles from Conversion Time
Condition Start of Conversion) (Cycles)
First conversion 13.5 25
Mormal conversions, single ended 1.5 13
Auto Triggered conversions 2 13.5
Mormal conversions, differential 1.5/2.5 13/14
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“Ii Convertor Analog/Digital 3%

Masurarea temperaturii

Senzor: National Semiconductor LM 35 (http://www.ti.com/lit/ds/symlink/Im35.pdf)
— E 3 (o)

Voutput-— T*0.01[V]/[°C] Vo o+ 1024

Intrare single ended: ADC =

VREF

Daca ADLAR = 1, putem scrie: ADCH = Vin * 256 / Vref

ADCH = Voutput * 256 / Vref

ADCH =T * 2,56 / Vref

Daca Vref este tensiunea interna de referinta de 2,56 V, atunci ADCH =T [°C]

+Ve

(4V TO 20v) 10-92
Plastic Package

+V¥s Vour GND

OuUTPUT (T LT
LI AN N

— BOTTOM VIEW
DE005518-3

DE005516-2

2019
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$35%:
“Ii Convertor Analog/Digital 3%

 Exemplu— masurarea temperaturii ATmega 2560

rcall ADC _init
loop:
rcall start. ADC_conversion ; Starts a conversion
rcall wait ADC_complete ; Wait to complete the current conversion
rcall ADC _read ; Read the resultin r16
rjmp loop

ADC _Init:
Idi r16, Ob11100011 ; Vref=2,56 V internal, ADLAR=1 (Data Shift left) ADC3 single ended
out ADMUX, r16
Idi r16, Ob10000000 ; Activate ADC, max. speed (clock div. ratio = 2)
out ADCSRA, r16
ret

start ADC_conversion: shi ADCSRA, ADSC ; ADC start, set ADSC bit in ADCSRA
ret

wait ADC_complete: sbic ADCSRA, ADSC ; When ADSC=0, conversion is finished
rimp wait_ ADC_complete
ret

ADC _read: in r16, ADCH ; ADCH — temperature on 8 bits
ret

2019 Cluj-Napoca 17
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‘ ' Convertor Analog/Digital 235+
* Masurarea intensitatii luminoase
— Solutia cea mai simpla: folosirea unei fotorezistente (sulfura de cadmiu)
— Rezistenta scade pe masura ce intensitatea luminoasa creste
N\ g
o— —C
108 100
Qs %
: N 90 \
104 (I 80
i RS 2 70 \
: 2
— ‘o 60
S| 108 - SN i %
‘D 2 Y n 50
3 3 \N- _g 4 \
’ N T
102 it = i H g 30 \
: - \
a 20
: 4 \
10 2 345 2 345 2 345 2 3458 2 345 2 345 10 \
1 10 104 105 1x 108 0 \
- = 300 400 500 600 700 800 900 nm
lllumination intensity
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“Ii Convertor Analog/Digital 3%

 Masurarea intensitatii luminoase (continuare)
— Fotorezistenta impreuna cu o rezistenta fixa formeaza un divizor de tensiune
— Relatia dintre RF si intensitatea luminoasa trebuie calibrata
— V7 seintroduce la o ADC intrare single ended, GND comun
— ADLAR =1 (low resolution): ADCH=Vin*256/Vref

Vee R2 =200 Q (bright light) .... 1.4 MQ (dark)
Photo resistor ¢

- Z - Rz
/H/r Vout = Vin (ADC) R
1
—® V =V.. ————
ouT R IR
1 2

R ||

R1 = constant (ex: 20 K)

Calibrare sensor:

* Se masoara ADCH pentru cea mai mica luminozitate (dark): ADCH,
+ Se masoara ADCH pentru cea mai mare luminozitate: ADCH,,,x

Measurement: ADC — ADC,,,,

B[%)] =

vieast | | - *100
pute the light brightness B [%]: ADC,,,, —ADC,,,

2019 Cluj-Napoca 19



: o g 355
‘ ' Perceptia Mediului 22555

e LV-MaxSonar-EZ0 Sonar pentru detectia obstacolelor

Comunicare seriala (UART), Baud 9600, 8 biti de date, 1 bit stop, fara paritate
lesire analogicd, Vcc/512 Volti per inch (1 inch = 2.54 cm)

lesire PWM, 0.147 ms / inch

Frecventa ultrasunetelor: 42 KHz

Distanta: 0-6.45 m, depinde foarte mult de dimensiunea obstacolului
Utilizarea cea mai simpla: folosind convertorul ADC

2019
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$35%:
i“i Convertor Analog/Digital 3%

* Exemplu: masurarea distantei cu senzor Sonar
— LV-MaxSonar®-EZ0™ High Performance Sonar Range Finder [7]

I YRoHS
CONPUANT

AN - lesire analogica, cu factor de scalare (Vcc/512)

per inch. O alimentare de 3.3V produce ~6.4mV/in ~
2.56 mV/cm

Domeniu de distanta: 6-in (15 cm) .. 254 in ( 645 cm)
rezolutie 1-inch

V\y x1024  2.56mV x d[cm]x1024

ADC = ~ d[cm]
VREF 2-56[\/]
ADC_Init:
Idi r16, 0b11000011 ; Vref=2,56 V internal, ADLAR=0 (Data Shift right — full 1024 bit resolution),
out ADMUX, r16 ; ADC3 single ended
Idi r16, Ob10000000 ; Activare ADC, viteza maxima
out ADCSRA, r16
ret
ADC read:
in r20, ADCL /[ADC citire registru inferior
inr21, ADCH /[ADC citire registru superior /[ r21:r20 = d[cm]

ret

2019 Cluj-Napoca 21
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“Ii Perceptia Mediului ggzis

* SHARP GP2XX, familie de senzori pentru distanta bazati pe reflexia IR

Foloseste triangulatia pentru calculul distantei

Se masoara unghiul sub care se intoarce raza emisa
lesire analogica, neliniara

Cost redus (approx. 10 usd)

Usor de montat, robust

www . pololu.com I

GP2Y0A21YK

Crbject = White paper
(Reflective ratio:20%)

ST - Gray paper
(Reflective ratio: 1 89%)

z
= 2.5
~ \
AR
= 2
z
2 s
. . g I N
Faint of Reflection % \
._3 1 ~
=
= \
"'nq.,.‘
0.3
0

] o 20 30 40 30 80 TFO B8O

Distance to reflective object L (cm)
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Perceptia Mediului

 SHARP GP2XX, familie de senzori pentru distanta bazati pe reflexia IR

— Foloseste o fotodioda sensibila la pozitie

— Pe baza raspunsului ei, se determina unghiul de reflexie

GND Vee
™ Y
PSD l ---------------------- I
F I
i SIGNAL I
| 'l | PROCESSING VOLTAGE 1
| Iy CIRGUIT REGULATOR | |
L___—J—r :
I OSCILLATOR | 1
I CIRCUIT I
I I
I I
VA LED ourpur | L _
- DRIVE CIRCUIT CIRCUIT H v
LED I 1 o
————————————————————— - |
DISTANCE MEASURING IC
[llumination
x=k,-
y = k., -
y

www.pololucom l

I, + 1,

2019 Cluj-Napoca
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‘ ' Perceptia Mediului 5535

Accelerometru ADXL335

Masoara acceleratia pe 3 axe,dela-3g..3¢g
Alimentare intre 1.8V ...3.6 V

lesire pentru 0 G: Vcc / 2

Sensibilitate tipica pentru Vcc = 3.3V: 300 mV/G

GST. 7NN
@)z

@)L

@)xE |
@)onp i
(©)

uCcC
ADXL335

=3

.

ADXL335
— CUTPUT aMP
3-AX1%5
SENSOR || L A
oo — ] ACAMP [| DEMOD |—{ OUTPUT AMP
— — M Arduino 3.3 V ADXL335 VCC
Arduino GND ADXL335 GND
— OUTPLUT AMP Arduino Analog0 ADXL335 X
- Arduino Analogl ADXL335 Y
com 57 :
Arduinc Analog2 ADXL335 Z
Arduino 3.3 Arduino AREF

Figure 1.
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“Ii Procesare semnal analogic cu Arduino iy

Duplicate 12C
Pin13  pins(Uno )
LED_ rev3) .
P Eggggumm Ao Arduino UNO: AO .. A5
NG DIGTAL "= Arduino MEGA: A0 .. A15
—| Power+ O T . . . o s
Comecor | Prowremming ~ Arduino .  Pinii analogici sunt intrari pentru
O [ Power . .
/(/Rx = convertorul ADC al microcontrollerului.
Serial CLs) . ign A~
165 « ADC are rezolutia de 10 biti, returnand
! valori intre 0 si 1023
Powef)gmgig}s- Q O g%éé’arﬁéga cA_Nﬂ-O,E [][] /
T——— 00208 Pin Layout identical with UNC}l
23 WMand DG — = REREREST "
Alti pini S N} Communication — ;g
. . 33
Arer (intrare) — tensiune de ‘ | 1 _ s
referinta externa pentru ADC + 2 30
. . ' 2004
IOREF (iesire) — tensiune de . o o
referintd pentru shield-uri Arduino Mega o okl
- Boo2pe /[N T e o

Pin Layout specific to MEGA
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“Ii Procesare semnal analogic cu Arduino 535

* Functia principala a pinilor analogici: citirea semnalelor analogice

* Pinii analogici au si functia de pin digital de uz general, ca si pinii digitali.
Exemplu:
— pinMode(AO, OUTPUT);
— digitalWrite(AO, HIGH);
* Pinii analogici au de asemenea rezistente pull up resistors, care functioneaza in
acelasi fel ca rezistentele pinilor digitali. Ele sunt activate scriind HIGH pe pinul
configurat ca intrare.

— digitalWrite(AO, HIGH); // activare pullup la AO configurat ca input.

Activarea unei rezistente pull up va influenta valorile citite cu analogRead() !!!

Functii:

— analogRead(pin) — citeste o valoare de pe un pin analogic

— analogReference(type) — configureaza tensiunea de referinta care va fi folosita
pentru intrarea analogica (i.e. valoarea maxima a tensiunii de intrare masurabila pe

pin-ul analogic)

2019 Cluj-Napoca 26
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“Ii Procesare semnal analogic cu Arduino 3%

* analogReference(type) — configureaza tensiunea de referinta care va fi folosita pentru
intrarea analogica.

* type —stabileste referinta folosita:

DEFAULT: tensiunea referinta implicita, de 5 V (pentru UNO & MEGA)

INTERNAL: tensiune interna de referinta, 1.1 V la UNO (nu exista la Arduino Mega)
INTERNAL1V1: tensiune interna de referinta 1.1V (doar Arduino Mega)
INTERNAL2V56: tensiune interna 2.56V (doar Arduino Mega)

EXTERNAL: tensiune de referinta externa, aplicata la pinul AREF (0 ... 5V).

* Dupa schimbarea tensiunii de referinta, prima citire cu analogRead() poate fi eronata !!!

* Nu folositi o tensiune de referinta externa negativa (<0V) sau mai mare de 5V pe pinul
AREF! Daca folositi o tensiune externa de referinta, configurati referinta ca externa
apeland analogReference() inainte de a apela functia analogRead(). In caz contrar, veti
pune in contact tensiunea de referinta interna, generata in mod activ, cu tensiunea
externa, putand cauza scurtcircuit si distrugerea microcontrollerului. !!!

2019
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‘ ' Procesare semnal analogic cu Arduino 9355

* int digital_value analogRead(pin) — citeste o valoare de pe pinul analogic specificat
* O valoare analogica intre 0 .. RANGE va produce un numar digital_value intre 0 si 1023.
* Rezolutia de masurare este deci: RANGE volti / 1024 unitati.
* Pentru referinta DEFAULT (5V) rezolutia devine:
resolutionADC = .0049 volti (4.9 mV) / unitate.

e Pentru a converti valoarea citita digital _value la tensiunea analogica:

Voltage = resolutionADC * digital_value
* Pentru a converti voltajul la o valoare fizica masurata in [X] folositi:

Measurement [X] = Voltage [V] / Sensor_resolution [V]/[X]

* Dureaza aproximativ 100 microsecunde (0.0001 s) pentru a citi o intrare analogica, astfel
incat rata maxima de citire este 10,000 valori pe secunda.

 Daca pinul analogic nu este conectat la nimic, valoarea returnata de analogRead() va
fluctua in functie de mai multi factori (e.g. ce tensiuni sunt pe ceilalti pini analogici,
apropierea mainii de placa...) !!!
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Procesare semnal analogic cu Arduino

Exemplu — Citirea tensiunii unui potentiometru conectat la intrarea analogica
(http://arduino.cc/en/Reference/AnalogRead)

int analogPin = 3;

intval =0;
float voltage;
float resolutionADC = 4.9;

void setup()

{
Serial.begin(9600);

}

void loop()
{

val = analogRead(analogPin);
voltage = val * resolutionADC,;
Serial.print(“Digital value = );
Serial.printin(val);
Serial.print(“Voltage [mV] = “);
Serial.println(voltage);

/[ aici se va conecta cursorul potentiometrului
/I celelalte terminale ale potentiometrului se conecteaza la +5V si GND
/[ variabila in care se va citi valoarea analogica

/l tensiunea calculata, in [mV]
Il rezolutia in mV pentru referinta implicita de 5 V

/[ citire intrare analogica, pentru referinta 5 V
/[ conversie in mV

/I transmitere la PC

2019
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Procesare semnal analogic cu Arduino

Senzor de temperatura folosind LM50 [5]
http://www.ti.com/lit/ds/symlink/Im50.pdf

Caracteristici:

— lesire liniara +10.0 mV/°C = 0.01V/°C

— Domeniu de temperaturi -40°C ... +125°C

— Deplasament constant +500 mV pentru citirea
temperaturilor negative

— Circuitul LM50 este inclus in senzorul de
temperatura Brick [6]

"'VS
(4.5V TO 10V)

LM50/ OUTPUT
LM50-Q1 Vour = (10mV/°C x Temp °C) +500mV

Vour = +1.750V at +125°C
VOUT = +750mV at +25°C
= +100mV at -40°C

Vout
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g%

Exemplu — Citire temperatura de |la senzor, face media a 10 citiri consecutive, si

trimite catre PC

float resolutionADC =.0049 ; /I rezolutia implicita (pentru referinta 5V) = 0.049 [V] / unitate
float resolutionSensor = .01 ; Il rezolutie senzor = 0.01V/°C

void setup() {
Serial.begin(9600);
}
void loop(){
Serial.print("Temp [C]: ");
float temp = readTemplInCelsius(10, 0); // citeste temperatura de 10 ori, face media
Serial.printin(temp); I afisare
delay(200);
}
float readTemplInCelsius(int count, int pin) { // citeste temperatura de count ori de pe pinul analogic pin
float sumTemp = 0;
for (inti=0; i < count; i++) {
int reading = analogRead(pin);
float voltage = reading * resolutionADC;
float tempCelsius = (voltage - 0.5) / resolutionSensor ; // scade deplasament, converteste in grade C
sumTemp = sumTemp + tempCelsius; // suma temperaturilor

}

return sumTemp / (float)count; /[ media returnata

}
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* Exemplu — Masurare distante cu sonarul LV EZO (rezolutie 10mV / inch = 0.01V)

const int sensorPin = 1; /] lesire sonar conectata la Al
float resolutionADC =.0049 ; I/ rezolutia implicita (pentru referinta 5V) = 0.049 [V] / unitate
float resolutionSensor = .01 ; /I rezolutie senzor = 0.01V/ inch

void setup() {
Serial.begin(9600);

}

void loop() {
float distance = readDistance(10, sensorPin); /[ distanta in inch, media a 10 citiri
Serial.print(“Distance [inch]: "); Serial.printin(distance); /[ afisare distanta in inch
Serial.print(“Distance [cm]: "); Serial.printin(distance*2.54); // afisare distanta in cm, 1 inch=2.54 cm
delay(200);

}

float readDistance(int count, int pin) {

/I citeste de 10 ori distanta, si face media

float sumDist = 0;

for (inti=0; i < count; i++) {
int reading = analogRead(pin);
float voltage = reading * resolutionADC;
float distance = voltage / resolutionSensor; // conversie tensiune in distanta
sumDist = sumDist + distance;

}

return sumDist / (float)count;
1

J
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1. Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V datasheet
2. Atmel Atmega64 datasheet

3. http://arduino.cc/en/

4. http://arduino.cc/en/Reference/AnalogRead

5

6

7/

http://www.ti.com/lit/ds/symlink/Im50.pdf
http://www.robofun.ro/senzori/vreme/senzor-temperatura-brick
http://maxbotix.com/documents/LV-MaxSonar-EZ Datasheet.pdf
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