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Temperaturmaling med Arduino

I den digitale verden eksisterer analoge spaendinger ikke. Kun 0-er og 1-ere.

Men mange gange har man behov for at male en analog spanding. Fx fra et potentiometer eller en
temperaturcensor.

Det kan kun lade sig gare, hvis man konverterer en analog spaending til et digitalt signal, - dvs. et
bineert tal med et antal bit. Og den funktion er heldigvis indbygget i Arduinoens uC.

| ATMEGA328P er der 6 pins, der udover at fungere som almindelige 1/0 ogsa kan bruges til at
male pa analoge spandinger via en indbygget A/D-konverter.

| 1 ADC
: (RESET) PC6 [ 1 28 [1 PC5 (ADC5/SCL)
g E ————————1—— AVCC (RXD) PDO ] 2 27 [1PC4 (ADC4/SDA)
’ v 1 AREF (TXD) PD1 ] 3 26 [1PC3 (ADC3)
1 (INTO) PD2 [] 4 25 [1PC2 (ADC2)
¥ ' T—'i GND (INT1) PD3 ] 5 24 [1PC1 (ADC1)
5 ! (XCK/TO) PD4 [] 6 23 [1 PCO (ADCO)
bit T/C 1 | | AID Conv. ! veed7 oty
J \ : GND[]8 21 [J AREF
| (XTAL1/TOSC1) PB6 []9 20 D Avce
I (XTAL2/TOSC2) PB7 [] 10 19 [1 PB5 (SCK)
\nalog Internal 6
Somp. I“—l Bandgap | ! (T1) PD5 ] 11 18 [J PB4 (MISO)
! (AINO) PD6 [] 12 17 [J PB3 (MOSI/OC2)
! (AIN1) PD7 (] 13 16 [1 PB2 (SS/OC1B)
: (IcP1) PBO [ 14 15 [1PB1 (OC1A)

Kilde: https://www.instructables.com/id/Introduction-to-ADC-in-AVR-Microcontroller-for-Beg/

( Kilden har eksempler pa, hvordan man kan Bitpille i registrene”, men her vil vi kun bruge
konvertering ”” The Arduino-way ™)
Uno’erne karer pa 5 Volt. Og det giver jo max et spaeendingsomrade fra 0 til 5 Volt at arbejde med.

De indbyggede A/D-konvertere konverterer til et 10-bit tal. Dvs. at en speending mellem 0 og 5 volt
vil blive konverteret til et binzrt tal mellem 0 og 1023.

I naeste graf dog princip-vist med 8 bit.
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En analog spanding lzeses pa felgende made:

int sensorValue = 0; // variable to store the value coming from the sensor

sensorValue = analogRead(sensorPin); // read the value from the sensor:

Det der ”sker” ved funktionen ” analogRead() ” er:
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Ulnput

- 1024
5

Var =

Dvs. at der i variablen Var er gemt et tal med en veerdi mellem 0 og 1023. Og det tal kan man jo
regne pa.

En omregning kunne ske som fglgende:

int sensorValue = analogRead (AOQ) ;

// Convert the analog reading (which goes from 0 - 1023)
// to a voltage (0 - 5V):

float voltage = sensorValue * (5.0 / 1023.0);

Serial.println(voltage) ; // print out the value you’ve read:

LM35 Analog temperaturmaler

IC-en LM35 er en analog transducer, der er monteret i en TO92 hus.

+Vs
(4Vto20V)

LM35 | OUTPUT
0 mV +10.0 mVv/°C
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IC-ens output er givet ved:
U out
B Uout =0 + 10,0 mV / grad C.
Dvs. at udgangsspaendingen fx ved 100 grader
vil veere 1000 mV, dvs. 1 Volt.
0+ 10,0 mv / C
0 Volt
0 Grader
Graf for LM35 output:

Det betyder ogsa, at man umiddelbart kun kan male positive temperaturer.

Skal man male negative temperaturer, ma man ty til et trick, vist i databladet. Udgangen skal via en
modstand kobles til en negativ spaending, sa man treekker en vis strem ud af udgangsbenet.

Se senere !

Omregning af signal fra en LM35 transducer.

Default er reference-spaendingen for den indbyggede A/D-konverter pa 5 Volt.
Det betyder, at en spaending fra 0 til 5 Volt omseettes til en tal-veerdi mellem 0 og 1023.

LM35 giver 0 + 10,0 mV pr. °C. Dens max temperatur, den kan holde til, er 150 Grader C., men her
regnes med max 100 Grader. Altsa bruges max 1 Volt ud af et maleomrade fra 0 til 5 volt.

Dvs. at spaendinger fra 1 til 5 Volt ikke bliver brugt. Man udnytter derfor ikke
konverteringsomradet serlig godt.

1-1023

Dvs. at starste talveerdi, der kan laeses, er = 204

Det betyder at der skal vaere en spaendingsaendring pa (5/1024) = 4,9 mV far der kan males en
endring. Det svarer til ca. ¥ grad.

Her vises nogle grafer:
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Beregningseksempel:

Givet: 100 °C, 5 Volt referencespaending:
LM35 giver 0 + 10,0 mV / °C, dvs. transduceren giver: 100 - 10 mV = 1000 mV

Omsetningsformlen ved en analogRead-funktion er:

UInput

Var = - 1023

Variablens veerdi bliver derfor: % +1024 = 204,6 ~ 204 (ud af max 1023).

De 204 kan nu omregnes til Grader C, som jo gerne skal give 100 grader. Det kan gares med flg.
Beregning::

Celeius = % .5 . 100
elcirus = 1023
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Der skal ganges med 100 for at omregne fra 1 Volt til 100 °C.
Samlet ser det saledes ud!
IM35 temperatur-transducer

AnalogRead Omregn til

Input Celcius
10 Bit int
Voltage N Variabel i Grader C
> 1024/5 =1( 5*100,0 ) /1024
i Arduino Ram Float Var

/ Valle, Nov. 2018
Der kan argumenteres for, at 1024 skal veaere 1023 i stedet !!

__ (analogRead(tempPin) 5,0 -100 )
- 1024

Samlet fas formlen: °C

Bemark, at der skal anvendes Float-variabler:

Intern Ref pa 1,1 Volt

Men der er i Arduino Uno, - med ATMEGA328P — processoren — 0gsa en mulighed for at &ndre
A/D-konverterens referencespaending til 1,1 Volt.

Dvs. man kan gge oplasningen sa en speending fra (0 - 1,1 ) bliver til en binaer veerdi (0 til 1023)

Herved kan man meget bedre udnytte hele “skalaen”. Der skal sa kun en spandingsaendring pa
indgangen pa 1,1 /1023 = 1,07 mV

/ndring af referencespaendingen sker med ordren:
analogReference (INTERNAL) ;
analogRead (A0); // force voltage reference to be turned on

Bruges referencespaending pa 1,1 Volt, erstattes ”’5,0” blot med ”1,1”.

__ (analogRead(tempPin) -1,1-100)
o 1024

Formel med int. Ref:  °C
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// Kodeeksempel:

float tempC = ;
int reading;
int tempPin = 0;

void setup ()

{
analogReference (INTERNAL) ;

analogRead (A0); // force voltage reference to be turned on

Serial.begin( )

}

void loop ()
{

reading = analogRead(tempPin) ;

tempC = (( reading * ) / ); // eller divideret med 9.31
Serial.println(tempC) ;

delay( )

}

// Kilde: https://www.arduino.cc/en/Reference/AnalogReference?from=Reference.AREF

God kilde: http://www.gammon.com.au/adc

Bonus_info- Analog input multiplexer
Sample/hold capacitor Comparator

— > >

ATmega328P har en 10 bits successiv
approximations ADC.

L

Den er forbundet til en 8-kanal analog
multiplexer, hvoraf dog kun 6 er fgrt ud 10
til pins. bit
ARef DAC '
. - . Logic —> Output
Konverteringstiden kan veere op til 104

Us. 1

Kilde: http://www.gammon.com.au/adc

Eksempler pa kredslgb til
maling af analoge spandinger:

Arduino
Arduino

Det er vigtigt, man ikke kobler en hgjrere spaending til end max 5 Volt, ( 1,1 Volt)

/ Valle Thorg Side 7 af 11


http://www.gammon.com.au/adc
http://www.gammon.com.au/adc

VIPEY 2 Vl.4] 1 0] Versi
o2 TEMPERATURINALING INED ARDUINO 2 /09625533

Atmel anbefaler, der monteres en 100 nF kondensator pa AREF-pinnen.

Der burde kunne males 1,1 Volt pa AREF-pinén

Smart ide til at leese flere trykknapper med kun 1 analog pin:

Eksempel pa, at der bruges analogRead
til at leese hvilken switch, der er trykket

pa:

S~
Ml soossvvvns
..... [rererrerersetr iy

int old_button = 0;
int button;

int pressed_button;
int z;

void setup () {
Serial.begin(9600);
pinMode(A5, INPUT);
}

void loop () {
z = analogRead(5);
if (z>1021) button = 0;
else if (z>511 && z < 514) button = 1,
else if (z> 680 && z < 684) button = 2;
else if (z> 766 && z < 770) button = 3;
else if (z> 817 && z < 822) button = 4;
else if (z > 851 && z < 856) button = 5;
else if (z > 875 && z < 880) button = 6;
else button = 0;

if (old_button == button) {
old_button = button;
pressed_button = 0;

}

else {
old_button = button;
pressed_button = button;
¥

Serial.printIn(pressed_button);

}
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Se: https://electronics.stackexchange.com/questions/101409/how-to-debouce-six-buttons-on-one-
analog-pin-with-arduino

Forklar!!

Kredslghseksempel ser saledes ud !!:

« > To ADG
—‘V R1 J l/‘ R4
1k 1k 1
AN AR AN AN - AW~

b i* i

Fra: http://www.ignhorantofthings.com/2018/07/the-perfect-multi-button-input-resistor.html

Maling af negative temperaturer:

+V5
R1 skal til negativ spaending. |
Det giver dog en negativ spaending, og det kan LM35 Vour
vi ikke male med Arduino!!!

BB R1

Men man kan jo fx haeve LM35-1C-ens GND- =

ben til lidt over 0 Volt. Fx ved hjelp af en LED

eller et par dioder som vist fglgende: Vs
Choose Ry = -Vg /50 pA
Vour = 1500 mV at 150°C
VOUT =250 mV at 25°C
VOUT =-550 mV at -55°C

+V5
Her er problemet s, at der ved 0 grader C
males en positiv spending pa ca. 1,4 Volt.

LM35 +

VDUT

1N914 18 k
10%

Temperature Sensor, Single Supply (—55° to
+150°C)
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Mere til historien:

Ekstern reference Voltage:
How would the ADC know what is 100% of our voltage range?

And therein lies the reason for the AREF pin. AREF means Analogue REFerence. It allows us to feed
the Arduino a reference voltage from an external power supply. For example, if we want to measure
voltages with a maximum range of 3.3V, we would feed a nice smooth 3.3V into the AREF pin —
perhaps from a voltage regulator IC. Then the each step of the ADC would represent around 3.22
millivolts (divide 1024 into 3.3).

Note that the lowest reference voltage you can have is 1.1V. There are two forms of AREF — internal
and external, so let’s check them out.

External AREF

An external AREF is where you supply an external reference voltage to the Arduino board. This can
come from a regulated power supply, or if you need 3.3V you can get it from the Arduino’s 3.3V pin. If
you are using an external power supply, be sure to connect the GND to the Arduino’s GND pin. Or if
you’re using the Arduno’s 3.3V source — just run a jumper from the 3.3V pin to the AREF pin.

To activate the external AREF, use the following in void setup():
analogReference(EXTERNAL); // use AREF for reference voltage

This sets the reference voltage to whatever you have connected to the AREF pin — which of course will
have a voltage between 1.1V and the board’s operation voltage.

Very important note — when using an external voltage reference, you must set the analogue reference
to EXTERNAL before using analogRead(). This will prevent you from shorting the active internal
reference voltage and the AREF pin, which can damage the microcontroller on the board.

If necessary for your application, you can revert back to the board’s operating voltage for AREF (that is
— back to normal) with the following:

analogReference(DEFAULT);

Now to demonstrate external AREF at work. Using a 3.3V AREF, the following sketch measures the
voltage from AO and displays the percentage of total AREF and the calculated voltage:

#include <LiquidCrystal.h>
LiquidCrystal 1cd(8,9,4,5,6,7);

int analoginput = ©; // our analog pin

int analogamount = ©; // stores incoming value

float percentage = 0; // used to store our percentage value
float voltage =0; // used to store voltage value
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void setup()
{

lcd.begin(16, 2);

analogReference(EXTERNAL); // use AREF for reference voltage
}

void loop()

{
lcd.clear();
analogamount=analogRead(analoginput);
percentage=(analogamount/1024.00)*100;
voltage=analogamount*3.222; // in millivolts
lcd.setCursor(0,0);
lcd.print("% of AREF: ");
lcd.print(percentage,2);
lcd.setCursor(0,1);
lcd.print("A@ (mV): ");
lcd.println(voltage,2);
delay(250);

}

Fra: https://tronixstuff.com/2013/12/12/arduino-tutorials-chapter-22-aref-pin/

Notes and Warnings

After changing the analog reference, the first few readings
from analogRead() may not be accurate.

Don’t use anything less than OV or more than 5V for external
reference voltage on the AREF pin! If you're using an external
reference on the AREF pin, you must set the analog reference to
EXTERNAL before calling analogRead(). Otherwise, you will short
together the active reference voltage (internally generated) and the AREF
pin, possibly damaging the microcontroller on your Arduino board.

Alternatively, you can connect the external reference voltage to the AREF
pin through a 5K resistor, allowing you to switch between external and
internal reference voltages. Note that the resistor will alter the voltage
that gets used as the reference because there is an internal 32K resistor
on the AREF pin. The two act as a voltage divider, so, for example, 2.5V
applied through the resistor will yield 2.5 * 32 / (32 + 5) = ~2.2V at the
AREF pin.

/ Valle Thorg Side 11 af 11


https://tronixstuff.com/2013/12/12/arduino-tutorials-chapter-22-aref-pin/

