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Dette dokumentet om seriel transmission er under udarbejdelse.

Hyperlinks til afsnit i dokumentet:
Om seriel transmission
Indbygget UART
Baudrate
Elektrisk Formatering af serielle data
Serial Print vs. Serial Write
Serial.println, Print tabulator, Printe fra ROM,
Serial.write
Serial.write 16 bit, Sende et array, Sende flere bytes
Problemet med at sende 00h
Sendebuffer, Modtagebuffer,
Omregne fra ASCII til veerdi
Serial Event vs. Serial Read

Softserial

Serial bibliotek, Flere Softserial-objekter, Alternative Softserial biblioteker,
Fra Arduino til Debugvinduet pa PC

Fra debugvinduet pd PC til Arduino

Case-struktur

Om Arrays, Om Konvertering af et tal til Array og modsat, ( itoa & atoi )
Om Strings, Array of Strings,

Diverse Eksempler

Testinstrument til sending og visning af serielle data

Kilder

Uddybende note.

Brug flere serielle buffere

Indledning:

Dette dokument er et forsgg pa at forsta hvordan seriel kommunikation i Arduino-verdenen foregar.
Seriel kommunikation er en smart made at sende — og modtage data fra andre enheder.

I Arduino-verdenen er der indbygget en smart mulighed for at bruge seriel kommunikation som
Debug-redskab, ved at sende verdier gennem USB-kablet til et specielt vindue pa PC-skaermen,

indbygget i Arduino-IDE-en.

Serielle data sendes altid som Bytes, dvs. 8 bit, - plus evt. kontrolbit. Dvs. uanset om der er tale om
at sende tekst eller vaerdier, vil det altid veere Bytes a’8 bit, der sendes.
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Men nu arbejder PC-ere og uC-erne jo med bingre verdier. Dem har vi sveert ved at laese. Vi har
vore 10-tal-system, sa for at praesentere et tal pa en LCD-skaerm — eller i et debugvindue pa PC-en,
skal data omkodes og praesenteres pa en made, sa vi forstar dem.

Fx vil veerdien 83d veere gemt i en variabel som 010100115

Dette giver en reekke problemer.

Sa nar vi fx skal leese tallet pa en LCD eller PC-skaerm, skal der sendes koder, der far dem til farst
at skrive et 8-tal og dernaest et 3-tal.

Dvs. der skal sendes 2 Bytes. — Men de to bytes skal formes pa en made, sa LCD-en eller
debugvinduet forstar, at der skal skrives et 8-tal og et 3-tal.

Her er der — fra gammel tid — vedtaget en bestemt kode, der svarer til hvert tegn, tal eller bogstav.

Da de farste computere kom frem — og dermed ogsa printere, - valgte man en bestemt standardiseret
kode, sa det var muligt at sammensztte udstyr fra forskellige producenter.

Allerede i 1960-erne vedtog man ASCII-koden, American Standard Code for Information
Interchange.

Heri fremgar, at fx et 3-tal har koden 33h, og et 8-tal har koden 38h.
Pa bineer form altsd 0011 0011b og 0011 1000b.

Men man har jo ogsa behov for at sende data til andet elektronisk udstyr, som ikke skal omkodes til
“menneskeleselige” tegn far det sendes. Dvs. man bare skal sende data som de er. Dvs. sende en
byte uden at den omformes.

Falgelig ma man have to forskellige mader at sende data pa. Og det er netop det, der er forskellen
mellem metoderne Serial.print() og Serial.write() i Arduinoverdenen.

Det falgende skulle gerne give klarhed over de forskellige metoder ©
Top

Om Seriel kommunikation:

Serial kommunikation er en af de vasentligste Mierscontalar Intriaces

funktioner, der tilbydes i uC-verdenen. | vores

ATMEGAS328 er der indbygget en UART, dvs. | |
hardware, der blot skal have en byte over i en Pt "”T‘”g
RAM-adresse, sa sgrger systemet selv for at . pa,L,e, e vorage curent
skifte databittene ud pa en pin, meerket TxD.

(eller blot TX). feimenrenous Symenrenaus

1-wire 2-wire (12C)
RS232/R8485 4-wire (SPI, Microwire)
Ethernet
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Pa Arduinoboardet er seriel kommunikation knyttet sammen med USB-kommunikationen.

Dette giver mulighed for at benytte seriel kommunikation til debugging, dvs. sende data til debug-
vinduet pa PC-en via USB-kablet. P4 den made kan man tjekke et program, om fx variable har de
rigtige veerdier, eller ved at sende en besked til Debugvinduet fra en subrutine, og derved

kontrollere, om den faktisk bliver kaldt i programmet osv.

Eller man kan sende data fra én uC til en anden uC i noget evt. fjernt placeret elektronik. Men sa gar
det umiddelbart ikke, at USB-kablet er tilsluttet samtidigt !!

Top

Indbygget UART

Seriel transmission i sin simpleste form sker
direkte ud af en TX fraen UART og ind i en
RXi en anden UART ( Universal Asyncron
Reciever Transmitter )

En UART er 1 bund og grund ” blot ” et par
skifteregistre plus noget styrelogik. Altsa
bygget vha. gates.

Der er desveerre kun 1 UART indbygget i
ATMEGAS328P, men der kan tilfgjes en
programstump fra et bibliotek, der skaber en
software-UART, en sakaldt ”SoftSerial”.

Alt karer pa 5 Volt.

Processoren sender data parallelt ind i et
register, - og de skiftes derefter serielt ud pa
TX.

| modtageren ankommer data serielt pa RX,
og kan efterfglgende laeses parallelt af
procerssoren.

UART
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GND [

™ Xp—
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Den serielle protokol er . -
Byte-orienteret. [ Microcontroller 1 1 [ Microcontroller 2

[ [
Dvs. alt, der senc_jes sker | uuuu I TTTHHT
som bytes af 8 bit | Glieblea—| "o |[] UL o |~ AL
( plus evt. nogle [ [
kontrolbit for hver byte )

Transmitter Receiver

UART-en i Arduino har softwaremassigt tilknyttet en 64 Byte Buffer, bade til sending, og til
modtagning. Bufferen fyldes op efterhanden som der kommer serielle data. Dvs. der kan modtages
flere bytes efter hinanden og de kan sa laeses, - nér > der er tid . Tilsvarende kan et program fylde
data i sendebufferen, og de bliver sa sendt ud af TX 1 bit ad gangen.

Top

Baudrate:

For man sender data serielt, et det ngdvendig at aftale, - dvs. bestemme — hvor mange bit der skal
sendes pr sekund. Det kaldes Baud-rate.

Med tiden er det blevet muligt at sende med stgrre Baud-rate.

Man kan velge mellem nogle Standard Baudrates: 150, 300, 600, 1200, 2400, 4800, 9600 ,19200,
De valgte Baudrates stammer fra ” gamle dage  hvor elektronikken ikke var sa hurtig. Da sendte
man fx pa 150 bit pr sekund ( Baud ) — og sa er der med tiden bare doblet op pa Baudraten.

I Arduino-koden importerer man farst et bibliotek til seriel kommunikation. Derngst initieres koden
med ordren Serial.begin(9600), hvor 9600 er den valgte Baud-rate

Serial kommunikation betyder, der sendes data — 1 bit ad gangen, - pa en enkelt wire, dvs. uden
clockpuls. Altsa Asynkron.

Asynkron datatransmission er let at implementere, men er mindre effektiv, idet der ud over de 8 bit
skal sendes 2 — 3 kontrolbits for hver 8 databit. Men de er ngdvendige i denne sammenhang.

Top

Elektrisk Formatering af serielle data

Serielle data fra en anden enhed ankommer til en uC’s UART pa et tilfeeldigt tidspunkt. Det kaldes
asynkron kommunikation.
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En UART i en Uc er bygget med et
skifteregister. Data skiftes ud pa en pin — Tx -
eller ind —-RX — 1 bit ad gangen.

Det betyder, at man bade i senderen og i
modtageren skal indstille hvilken bit-rate, der
anvendes. Man skal seette systemet op til
korrekt Baud-rate. Det sker fx med:

Serial.begin(9600);

Frame

dle
Stop Bit(s)

4_;131331c_h9;_”
Data Line
8 Bit Data
11010010 {Example)

Start Bit Parity Bit
Mways LOW Can be 000 or EVEN

Spandingen pa transmissionsledningen er default pa 5 Volt, ( Normally High ) og pa et tidspunkt

starter et signal pa ledningen.

Farste bit er en startbit, der far modtageren til at “vagne”.

LSB MSB

10011010

\Vce

ovm I’l

RN
stop bit

/N
start bit

Signal pa TX ud af en UART er Normally
High

Farste databit, der sendes, er LSB, Least
Significant Bit.

High er lig 5 Volt.

Startbit er beregnet til at f& modtageren til at
“végne op”

Herefter sendes 8 bit, og maske ogsa en
paritetsbit. Det kan bruges sa modtageren kan
verificere korrekt datatransmission.

Endelig sendes en Stopbit — og herefter kan
en ny byte sendes.

Asynchronous Serial
Rxpata %\ {po [ o1 [ D2 [Da | D4 | s ] e | o7 ) P Y
. ) I — -—
Asynchronous clock reload i H
at falling edge of start \—m_
Internal

Async | | I | I |
clock
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Modtageren skal sample, - dvs. R —\

skifte signalet ind i et skifteregister.
Start G0 D1 D2 D3 D4 D5 D6 D7 Parity Sto

. ) i { pit (sb) (msb) bit bit :
Det skal helst ske midt i en ” bit- Bits ' 5 mee I :
varighed” for bedst resultat. Sampling | 1.5 bit 1.0 bit etc.

Duration of one byte (10-12 bit periods)

Et par skitser:

Tek .. ® Stop Bu«gpus: 404005 Til venstre et scoopbillede af et serielt signal!
+
| High Order Bit | Low Order Bit
Ry} e
M M = 0
bod o o N B W 7 8 =
T —————
€ 100ps > g o .
High Crder Hibble Lowr Order Hibble
CHT 1.00% r 10,008 CH1 ™.

7-Dez-111710  <10Hz
Top

Hvis en bit-varighed er 8 uS, hvor mange bit bliver sa sendes pr. sekund ?

Serial.print, Serial.println vs. Serial.write

I et Arduino-program gnsker man ofte at sende noget serielt. Det kan vare en veerdi, der fx skal
vises pa et LCD, en variabels vaerdi, der skal vises i debug-vinduet pa PC-en, eller man gnsker
maske at sende en Hex-veerdi til et andet tilsluttet stykke elektronik.

Alt, der sendes, sendes som 8 bit bytes, ( HEX-bytes ). Men det er ofte lidt sveert at forsta hvordan
det, der sendes, bliver formateret.

LCD oqg Debugvinduet:

Bruges fx funktionen lcd.print("hello, world!"); eller Serial print(”Hej ), bliver der sendt en string
af ASClI-karaktererne for teksten til debugvinduet pa PC-skaermen. Dvs. bare flere hex-vardier
efter hinanden.
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Serial.printin

Funktionen lcd.printin(hello, world!");fungerer pa sammen made, bortset fra, at der yderligere
sendes en “carriage return”-byte og en “newline” —byte. (ASCII kode 13h og 10h.)

Et levn fra de gamle skrivemaskiner, - teletypes, - hvor papiret skulle skubbes til hgjre og flyttes lidt
op, sa man fik en ny linie at skrive pa.

Google teletype - pa dansk Fjernskriver !

Sende Variabel:

Anderledes ser det ud, hvis man sender en variabel. Veerdien af en variabel optraeder jo som binaere
koder i RAM-en, men det kan vi jo ikke lase.

Derfor vil den bagliggende kode — som skabes af compileren, - farst omforme tallet og derefter
sende koder, der skriver tallet - dvs. veerdien — pa en made, sé vi kan laese tallet pa en skaerm.

Den binzre veerdi konverteres farst til et 10-tals tal hvorefter de enkelte cifres ASCII-veerdi sendes,
med mest betydende farst. ( se ASClI-tabellen herunder: )

Eks.:

int test = ;
Serial.print (test); // der skrives 25312 i debugvinduet

Der sendes alts& 32h, 35h, 33h, 31h 32h

Men der er flere muligheder: man kan ogsa fa tallet vist som fx binar eller hex: Her nogle
eksempler:

Serial.print (78, DEC); // konverteres til "78", dvs. 37h og 38 sendes.

Serial.print (78, BIN); // konverteres til "1001110" dvs. der sendes ( 31,
// 30, 30, 31, 31, 31, 30 )hex

Serial.print (78, HEX); // konverteres til "4E"

Serial.Print( x ,4); // der skrives 4 decimaler

Huvis et tal er af typen Float, dvs. flydende kommatal, vises tallet default med 2 decimaler. Men det
kan man andre:

Serial.println( ) // viser "1", dvs. 0 decimaler
Serial.println( , 2)s // viser "1.23"
Serial.println( R // viser "1.2346"
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Serial.println(""); // printer en carriage return og New Line

Top

Printe tabulator
Serial.print ("\t"); // printer en tab
Serial.print (" "); // printer nogle spaces

Dec Hx Oct Char Dec Hx Oct Html Chr  |Dec Hx Oct Html Chr| Dec Hx Oct Html Chr
0 0 000 NUL (null) 32 20 040 &#32: Space| 64 40 100 &«#64; @ 96 60 140 &#96:

- 1 1 001 S0H (start of heading) 33 21 041 «#33; ! 65 41 101 «#65; A | 97 61 141 &«#97: a
Her er ASCII tabe”en 2 2 002 STX (start of text) 34 22 042 &#34: " 66 42 10Z &«#66; B 98 62 l4z &#98; b
genglvet 3 3 003 ETX (end of text) 35 23 043 «#35; # 67 43 103 «#67; C 99 63 143 «#99:; ¢

* 4 4 004 EOT (end of transmission) 36 24 044 «#36; § 68 44 104 «#65; D (100 64 144 «#100; d
5 5 005 ENO (enquiry) 37 25 045 «#37: % 69 45 105 «#69; E (101 65 145 «#101; &
6 6 006 ACK [acknowledge) 38 26 046 «#38; ¢ 70 46 106 «#70; F (102 66 146 «#l02; T
7 7 007 BEL (bell) 39 27 047 «#39; " 71 47 107 «#71; G |103 67 147 &#103; o
8 8§ 010 BS (backspace) 40 28 050 «#40; ( 72 48 110 «#72; H (104 63 150 «#104; h
9 9 011 TAE (horizontal tab) 4l 29 D51 <«#4l: ) 73 49 111 «#73; I |105 69 151 &#105; 1

10 A 012 LF (NL line feed, new line)| 42 2A 052 «#d2; * 74 4 112 «#74; 7 (106 6A 152 «#l06; 7
11 B 013 VT (vertical tab) 43 2B 053 &«#43; + 75 4B 113 &«#75; K (107 6B 153 &«#107: k
12 C 014 FF (NP form feed, new page)| 44 2C 054 «#d4d: 76 4C 114 &#76; L (108 6C 154 &«#108; 1
13 D 015 CR (carriage return) 45 2D D55 &#45; - 77 4D 115 «#77; M |109 6D 155 &«#l09; n
14 E 016 50 (shift out) 46 ZE 056 s#46: . 78 4E 116 &#78; N (110 6E 156 &#ll0; n
15 F 017 5I (shift in) 47 2F 057 «#47; / 79 4F 117 «#79; 0 |111 6F 157 &#lll; o
16 10 020 DLE (data link escape) 48 30 D60 &#48: 0 80 50 120 «#80; P (112 70 160 &#llZ; p
17 11 021 DC1l (dewice control 1) 49 31 061 &#49; 1 8l 51 121 «#8l; 0 |113 71 161 &#113; o
18 12 022 DCZ (device control Z) 50 32 062 «#50; 2 82 52 122 «#82; R (114 72 162 e#lld; ¢
19 13 023 DC3 (dewvice control 3) 51 33 063 &#51: 3 83 53 123 «#83; 5 |115 73 163 &«#ll5; s
20 14 024 DC4 (device control 4) 52 34 064 &#52; 4 84 54 124 «#84; T (116 74 164 c#ll6; t
21 15 025 NAK (negative acknowledge) 53 35 065 &#53: 5 85 55 125 &«#685; U |117 75 165 &«#117; u
22 16 026 SYN (synchronous idle) 54 36 066 «#54; 6 86 56 126 «#86; V (118 76 166 &«#l18; ¥
23 17 027 ETE (end of trans. block) 55 37 067 &#55: 7 87 57 127 «#B87: W |119 77 167 &#119: w
24 18 030 CAN (cancel) 56 38 070 «#56; & 88 58 130 «#88; X (120 76 170 «#l20;
25 19 031 EM (end of medium) 57 39 071 &#57: 9 89 59 131 «#89:; ¥ |121 79 171 &#l2l:
26 1A 032 SUB (substitute) 58 34 072 &#58; : 90 54 132 «#90; I (122 7A 172 «#l22;
27 1B 033 ESC (escape) 59 3B 073 &«#59; : 91 5B 133 «#91: [ |123 7B 173 &#l23.
28 1C 034 F5 (file separator) 60 3C 074 «#60; < 92 5C 134 «#92; \ (124 7C 174 «#l24;
29 1D 035 G5 (group separator) 61 3D 075 &#61: = 93 5D 135 &«#93; ] |125 7D 175 &#125:
30 1E 036 RS (record separator) 62 3E 076 «#62; > 94 SE 136 «#94; ~ (126 7E 176 &#126;
31 1F 037 US (unit separator) 63 3F 077 &«#63: 7 95 S5F 137 «#95; _ |127 7F 177 &«#127.

https://www.asciitable.com/
Top

Serial.write — funktionen. Send ’rigtigse” Hex-vardier.

Men nogle gange i vores verden har man behov for at sende rigtige” Hex-veerdier, der ikke bliver
omkodet for de sendes.

Her skal man bruge funktionen

Serial.write (0x32); eller
Serial.write(B00111010); for atsende 3Ah.

Eks:

Serial.write(0x48); //
Serial.write(0x45); //
Serial.write(0x4C); //
Serial.write(0x4C); //
Serial.write(0x4F); //

ot B MHm
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Dette vil se sadan ud hvis man bruger scoopet til at se pa signal-ledningen:

SERIAL OUTPUT :

L) H B &1 E @ & L D & L & 8 o 4

0)0)0)1) 0)X0)1)X0 1X0)3)0) 0010 0)0)1)1) 0)X0)1)o 0)X0)1)1)0)0)1)o 1)(1X1)1) 00 )x1)o

Eller: serial.write( ); // Compileren ved at et H er 48h

Eller: serial.write(72); // 72 decimal er lig 48h

Altsa:

” Serial.print sends ASCII characters so people can read easily.”
Serial.print() converts ints, floats, etc. to strings and calls Serial.write() to send the string.

Once print has done the appropriate coversions (decimal, long, float, string, hex, bin etc.), the
individual bytes will be passed to Serial.write which is the only function that actually send bytes
to the hardware.

When you call Serial.print(val,BYTE) this will end up as a Serial.write((byte)val). Serial.print
will check the second argument (BYTE) and call write accordingly.

The Serial.print variants were added to make conversion to a byte stream straight forward and
easy to use. E.g. printing the decimal number 123 will end up as the three bytes/characters '1', ‘2,
and '3'.

Kilde: https://forum.arduino.cc/index.php?topic=42603.0

Altsa: Nar softwaren bag Serial.print-funktionen er feerdig med at konvertere til en form, som
mennesker kan leese, kalder den en Serial.write, som sa via et skifteregister skifter 8 bit ud ad
gangen til den serielle port.

Top

Data fra Arduino til Debug Vinduet pa PC-en.
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Nar Arduinoen er koblet
til PC-en, ma man ikke
bruge Arduino’s pin 0 og
1 til andre ting, fordi de
jo bruges til den serielle
transmission mellem PC
og Arduino. Bade ved
upload af program, men
ogsa til kommunikation
med Debugvinduet,

Ideel til debugging!

The o

The nusmber is
The nusber is
The number is

The number is

w
sw R e o

[ itosgroll

Molneending » |9500baud

* SerialOutput.pde

* Print numbers to the serial por

void setup()
{

Serial beyin{9600); // send and receive at 5500 ba

+
int number = 0;
void loop()

erial.print("The number is “):
rintln(mumber) ‘P

delay(500):; // delay half second
to the next

mmber+:

For at man kan bruge Debug-vindue - funktionen skal man bede compileren addere et objekt, dvs.

en del kode til programmet.

Det sker ved i setup() at skrive:

Serial.begin(9600);

// set up Serial library at 9600 bps

Herefter kan man sende data til vinduet med Serial.print funktionen.

Serial.print("The number is: ");
// 1n efter print tilfgjer en linefeet

Serial.println(a);

Top

Sende data fra Debug Vinduet pa PC-en til Arduino
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Ligesom man kan sende data fra Arduino
til PC-en, kan man sende data den
modsatte vej.

Det man vil sende, indskrives i gverste
rude i Debugvinduet, og sendes serielt via
USB-kablet.

De Ascii-karakterer, der sendes, modtages
sa af uC-en, og gemmes ind i en buffer.

Man skal sa indrette sit program sadan, at
det ( en gang imellem ) ”sperger” om der

er modtaget noget i den serielle
modtagebuffer.

Ogsa her skal der i Setup adderes et objekt:

Serial.begin(9600);

The number is
The number is
The number is
The number is
The number is

B oW N PO

[~ Autoscroff Nolineending v | (9600baud

Serial.println("Arduino is ready"); // Send tekst til debugvinduet

Og i loop fx:

if (Serial.available() > @) {

inByte = Serial.read(); // get incoming byte from buffer:
if (inByte == 'E'") {
digitalWrite(outputPin, HIGH);
}
else if (inByte == 'F') {
digitalWrite(outputPin, LOW);
}
}else{
Serial.print(“Der skal sendes et E eller et F”);
delay(1000);
}

Man skal nok lige veere
opmarksom pa, om der fra

Newline ~ | | 9600 baud e

Clear output

PC-en sendes en efterfalgende
Linefeed. Det skal slas fra !
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Eksempel pa, at der modtages 2 bytes, fx B1, fra Debugvinduet, og gemmes ind i et Array

int modtaget[2]; // definer et array med 2 pladser

void setup() {
//
Serial.begin( )

}

void loop() {
if (Serial.available() >= 2) { // nar der er ankommet 2 bytes,
for (int i = 0; 1 < 2; 1i++)
{

modtaget[i] = Serial.read();

}

Serial.print (modtaget[0]) ;
Serial.println(modtaget[1]);

}
}

/1 i ovenstaende skal man sla fra, at debugvinduet efter to byte sender et linefeed, 0Ah, og / eller
Carriage Return ( Vogn retur ) — OXOD Ellers sendes der 3 byte, og det giver problemer !!

SoftwareSerial

Fordi man ikke kan bruge den indbyggede hardware-UART nar et USB-kabel er koblet til PC-en, er
det smart, at man ret let kan fa compileren til at tilfgje et software-objekt, der virker som en ekstra
indbygget hardware UART.

Et softwareobjekt skal forstas som en stump kode, fx en subrutine eller en funktion.

Der skal adderes et bibliotek.

Eks:

// This example code is in the public domain.

#include <SoftwareSerial.h> // Inkluder et bibliotek

SoftwareSerial mySerial(10, ); // RX, TX pa disse pins. Kan bare endres !!
Og navnet pa det serial-objekt “mySerial” kan man ogsa bare endre!
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void setup() {
Serial.begin( ); // Open serial communication to PCs:

mySerial.begin( ) ; // Start softserial mySerial object
// med 1200 Baud

void loop () {
if (mySerial.available()) { // Hvis der er kommet data
Serial.write(mySerial.read()); // send til PC det, der ankom via mySerial

}

if (Serial.available()) { // Send data ankommet fra PC til en anden Uc
mySerial.write(Serial.read())

}
}

Bemark forskellen mellem print og write !

Problemer med at sende et null: 00h, 0x00

Hvis der skal sendes en byte med 8 nul-taller, ( 0x00 ) vil compileren sandsynligvis melde fejl!

Det er compileren, der ikke kan tolke koden. 00h bruges normalt som termineringsbyte i strings.
Altsa den sidste byte i et array af karakterer, der repraesenterer en string. Derfor forvirres
compileren.

Altsa: Serial.write(value) virker, undtagen i det tilfeelde, hvor variablen value har veerdien “00”,
altsa 8 nul-taller.

Det kan vist lgses ved en af flg:
Serial.write((int)0); // Virker vist
Flere eksempler, der skulle virke:

mySerial.print(byte(0x00)); //
mySerial.write((uint8_t)0); //

Eks:

void setup()

{
Serial.begin ( ),

}

void loop()

{
Serial.write ( (byte) )
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Serial.write ( (byte) ),
}

Serial.write() expects a byte argumet (8 bits). If you call this method with an int (16 bit) argument, the
compiler will complain because there is no write method in the serial class that will accept int arguments.

If you want to use Serial.write to print the lower 8-bits as a byte you need to help the compiler (using a
type cast) as follows:

Serial.write((byte)vall6)

When you call Serial.print(val,BYTE) this will end up as a Serial.write((byte)val). Serial.print will check
the second argument (BYTE) and call write accordingly.

So in terms of output Serial.print(val,BYTE) and Serial.write(val) are functionally identical.

Se ogsa: http://forum.arduino.cc/index.php?topic=96037.0

Serial.write() forventer en byte (8 bits) som argument. Hvis man bruger denne funktion med en int
variable, (16 bit), vil compileren melde fejl.

Hvis man gnsker at bruge Serial.write til at printe de laveste 8 bits som en byte er det ngdvendig at
hjeelpe compileren som fglgende:

Serial.write((byte)intValue)

Top

Case struktur

Hvis man i et program har behov for mange if-strukturer, kan det veere smart at bruge en Case-
struktur i stedet. Her er et eksempel:

Kodeeksempel fra Let-elektronik:

/%
Fire udgange aktiveres afhe®ngig af en kommando fra Serial Monitor.
Forfatter - Hans Erik Tjelum @ Lunar Electronics - 2014

Tilslutning af hardware:
Arduino pin 9, 10, 11 og 12 forbindes til lysdioder via formodstande

De fire udgange kan styres med kommandoer via Serial Monitor
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*/

// PIN definitioner

const byte ledl = 9; // Her defineres et navn for en pin
const byte led2 = 10;

const byte led3 11;

const byte led4 12;

// Konstanter
const unsigned int tDelay = 50; // Lys delay

// Variabler
byte lysState = 0; // 1 = der skal opdateres udgange
char svar = 0; // Indhold af postkasse

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

pinMode (ledl,
digitalWrite (
pinMode (led2,

OUTPUT) ;
ledl, LOW);
OUTPUT) ;

digitalWrite (led2, LOW) ;

pinMode (1led3,

OUTPUT) ;

digitalWrite(led3, LOW);

pinMode (led4,

OUTPUT) ;

digitalWrite (led4, LOW) ;

Serial.println("t: taend alle, s: sluk alle");
Serial.println("1-4: Toggle ledl-led4\n");
}

void loop () {
if(Serial.available()) { // Hvis der er noget 1 postkassen
svar = Serial.read(); // Stoppes indholdet over i variablen "svar"
lysState = 1; // 1 = der skal opdateres udgange
// switch Case

switch(svar) {

case 't':
Serial.println("Taend alle");
break;

case 's':
Serial.println("Sluk alle™);
break;

case '1':
Serial.println("Toggle ledl");
break;

case '2':
Serial.println("Toggle 1led2");
break;

case '3':
Serial.println("Toggle 1ed3");
break;

case '4':
Serial.println("Toggle led4d™);
break;

default:
lysState = 0; // Det var falsk alarm
Serial.println("");
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Serial.println("Eder befaler uden for mine kundskaber...");
Serial.println("t: taend alle, s: sluk alle");
Serial.println("1-4: Toggle ledl-led4\n");
break;
}
}
lysKontrol () ; // kald et underprogram, Subrutine, funktion
delay (tDelay) ;
}
/*

Udgange aktiveres i forhold til kommandoer fra Serial Monitor

*/

void lysKontrol() {
if(lysState) { // Hvis sand, dvs. lig med 1
lysState = 0; // Lyskontrol udfgres 1 gang

switch(svar) {

case 't': // Tender for alle
digitalWrite(ledl, HIGH);
digitalWrite(led2, HIGH);
digitalWrite(led3, HIGH);
digitalWrite(led4, HIGH);
break;

case 's': // Slukker for alle
digitalWrite(ledl, LOW);
digitalWrite(led2, LOW) ;
digitalWrite(led3, LOW);
digitalWrite(led4, LOW);

break;

case 'l': // Toggle for ledl
digitalWrite(ledl, 'digitalRead(ledl)); // Toggle pin
break;

case '2': // Toggle for led2
digitalWrite(led2, 'digitalRead(led2));
break;

case '3': // Toggle for led3
digitalWrite(led3, 'digitalRead(led3))
break;

case '4': // Toggle for led4
digitalWrite(led4, 'digitalRead(led4))
break;

}
}
Top
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Sende og modtage en 16 bit int:

Hvordan kan man s sende en variabel der bestar af 16 bit??

Eks:

int x = 837;
Serial.write( highByte( x));
Serial.write( lowByte( x));

if (Serial.available() > 0) {
byte h Serial.read():
1

byte Serial.read():
int v = word( h, 1);

Serial.write(lowByte(intValue), BYTE);
Serial.write(highByte (intValue), BYTE);

Top

Sende et Array

3 eksempler pa hvordan data fra et array med 6 elementer kan sendes:

mySerial.write (myDatal
mySerial.write (myDatal
mySerial.write (myDatal
mySerial.write (myDatal
mySerial.write (myDatal
mySerial.write (myDatal

Ne Ne Ne Ne Ne N

et et e e e
~— N e e e

Eller med et Loop:

for (int 1 = 0; 1 < 6; i++) {
mySerial.write(myDatal[i]) ;

}

Eller ved at bruge en indbygget variant af write, som klarer loopen.

mySerial.write(myData, 6);

Eksempel pa at fa Print til at opfare sig om Write:
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Serial.write( )
Serial.print( , HEX);
Top

Eksempel pa at sende flere bytes efter hinanden:

Der gnskes sendt: 0x55 0x01 0x00
Der skal forst skabes et Array i begyndelsen af programmet:
uint8 t my serial bytes[3]1={ , ' };

// Send:

Serial.write(my serial bytes, sizeof(my serial bytes));

Om Arrays: https://startingelectronics.org/software/arduino/learn-to-program-course/17-arrays/
Top

Tekst gemt i ROM:

You can pass flash-memory based strings to Serial.print() by wrapping them with F(). For example:
Serial.print(F(“Hello World”))

Top

Modtagelse af seriel data.

Nar der er modtaget seriel data, skal det jo behandles. Man skal have koden til at > sperge  om der
er modtaget data, fordi det jo sker ” pa et eller andet tidspunkt ™.
Det kan ske som fglgende:

int inByte = 0; // incoming serial byte
int outputPin = ;

void setup ()

{ Serial.begin( ) ; // start serial port at 9600 bps:
pinMode (outputPin, OUTPUT) ;
}

void loop ()

{
if (Serial.available() > 0) {
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inByte = Serial.read(); // get incoming byte:
if (inByte == 'E'") {
digitalWrite (outputPin, HIGH) ;
}
else if (inByte == 'F') {
digitalWrite (outputPin, LOW) ;
}
}else{
Serial.print (“E eller F!”);
delay (1000) ;
}

Fra Debugvinduet til LCD-ska&rm

// Med fglgende kode kan man indskrive en tekst i Debugvinduet pa PC-en og
skrive det i et LCD-display.

void loop ()
{
// when characters arrive over the serial port...
if (Serial.available()) {
delay (100); // wait a bit for the entire message to arrive
lcd.clear () ; // clear the screen
while (Serial.available() > 0) { // read all the available characters
lcd.write(Serial.read()) // display each character to the LCD

}

Serial.read fjerner automatisk 1 byte fra modtagebufferen.

char inDatal[20]; // Allocate some space for the string
char inChar; // Where to store the character read
byte index = 0; // Index into array; where to store the character

void loop ()
{

while(Serial.available() > 0) // Don't read unless
// there you know there is data

{
if (index < 19) // One less than the size of the array
{
inChar = Serial.read(); // Read a character
inData[index] = inChar; // Store it
index++; // Increment where to write next
inData[index] = '\0'; // Null terminate the string
}
}

// Now do something with the string (but not using ==)
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}
Seriel-data-handtering i en funktion:
void loop() {
// other code
if (Serial.available() > 0) {
// Do Stuff
mySerialFunction() ; // koden der skal héndtere serielle data
// kan evt.placeres i en funktion
}
}

Hvis der er ankommet flere bytes, karer koden flere gange.

Obs:
De modtagne bytes placeres i en ring-buffer med plads til 64 Byte. Se Modtagebuffer her

Top

Fra ASCII til veerdi:

Hvis der sendes et tal fra PC-ens debugvindue, er det jo tallets ASCII-veerdi, der sendes — og
modtages.

For at lave det om til et reelt tal kan fglgende kode bruges:

int val = Serial.read() - '0'; // Convert any character that represents a
// digit to the number it represents.

Man treekker blot ASCII-verdien for et 0" - som er 30h fra. 30h er ogsa lig 48 decimal.
For at tjekke om et ASCII-tegn er mellem 0 und 9 ( dvs. mellem 30h og 39h ) kan man vist i stedet
for koden

if(ch >= '0" & & ch <= '9")

bruge funktionen
if( isDigit(ch) )

Top

Mangler mere forklaring om at modtage flere bytes og placere dem i et array
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Softserial

| ATMEGA328 processoren er der kun indbygget én UART tilsluttet pin 0 og 1. Den bruges ogsa
til kommunikation med PC-en via USB, og kan derfor ikke benyttes til anden kommunikation hvis
USB-kablet er tilsluttet.

Men man kan heldigvis indlaese et bibliotek, sa man via software kan skabe” en UART mere. En
sakaldt SoftSerial.

Men kun én SoftSerial objekt ad gangen. Hvis softwaren kraver flere, se fx her:

Der kan vist kun bruges én Softserial i en sketch. Men her er et fix:

// kun 1 serial port kan lytte ad gangen. Det kan styres sdledes!!!

#include <SoftwareSerial.h>
SoftwareSerial portOne(7/, 8);
SoftwareSerial portTwo (5, 6);
void setup()
{
Serial.begin( )
portOne.begin(
portTwo.begin (
}

~ ~ N,

void loop()
{
portOne.listen() ;
while (portOne.available() > 0) {
char inByte = portOne.read()
Serial.write(inByte);
}
delay ( ),
portTwo.listen() ;
while (portTwo.available() > 0) {
char inByte = portTwo.read()
Serial.write (inByte) ;
}
Serial.println();
}

// Fra http://stackoverflow.com/questions/12463605/two-port-receive-using-
software-serial-on-arduino

g
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Se God gennemgang af seriel kommunikation:
http://arduinobasics.blogspot.dk/2012/07/arduino-basics-simple-arduino-serial.html

Brug evt. et alternativt SoftSerial-bibliotek !

AltSoftSerial

AltSoftSerial was written by Paul Stoffregen the creator of the Teensy range of boards. It is
the best software serial implementation and should be used instead of the default
SoftwareSerial where possible.

The AltSoftSerial library is available from the PJRC website or through the library manager.
AltSoftSerial takes a different approach over the regular SoftwareSerial library. The pins it
uses are fixed, pin 8 for receive, pin 9 for transmit (regular Arduinos only), and uses the 16
bit timer which means PWM on pin 10 becomes disabled.

AltSoftSerial:

— Can transmit and receive at the same time.

— Minimal interference when also using the Hardware Serial and other libraries

— More reliable at higher speeds than the other software serials

— Fixed pins: pin 8 for receive, pin 9 for transmit (regular Arduinos only*)

— Disables PWM on pin 10

— Uses the hardware Timerl (16 bit) and will not work with other libraries that also need the
same timer

http://www.martyncurrey.com/arduino-serial-part-1/

Flere softserial kanaler:
end()
end() closes or disables serial. For hardware serial this is not normally required but can be
used if you ever need to use the RX and TX pins for other things after using serial. The
serial RX and TX pins, Pins DO and D1, can be used as regular pins when not using serial. |
can’t think of a reason why you would want to do this though. If you need to use pins 0 and 1
then you are highly unlikely to use them for serial communication.
end() can be useful when using software serial. You can implement more than one software
serial but can use only one channel at a time. This means you need to open and close
channels as you want to use them.

Serial.end();

Seriel sendebuffer

Det er jo meget hurtigt fx at udfere koden serial.print (7Hej”) ;

Men det tager ” lang ” tid, blot at sende 1 byte, - selv ved en stor Baud-rate. Hver bits varighed ved
9600 Baud er ca. 10,4 millisekunder. Tjek lige !!
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Derfor er det smart, at det, der skal sendes, placeres i en buffer, der sa automatisk sendes afsted i
den tid, det tager. Sa kan processoren fortsaette med andet kode.

Transmitbufferen (_tx_buffer) fyldes af ens program af Serial.write(), Serial.print() eller
Serial.printin()

Hver gang en byte er feerdig-sendt, udlgses i baggrunden et interrupt, der flytter den naeste byte i
sende-bufferen over i udgangs-skifteregisteret i UART-en.

Det betyder, det det kan vaere ret problematisk at benytte andre interrupts i et program samtidig med
serial kommunikation!!.

Blokstruktur over UART Transmit
systemet.

UART Baud Rate
Reqister (UBRR)
v

Baud Rate
Generator

UART Data Register
{UDR)

y
. " Pin
Shitt Register }—P control
b
Y

System
Clock

( Obs: Taget fra AT90S2313 UART I1)

Control Logic

UART Control
Register (UCR)

UART Status
Register (USR)

A

F

C

T Complete
Interrupt

Data register empty
Interrupt

)

Kilde: http://www.avrbeginners.net/architecture/uart/uart.html
Top

Modtagebuffer:

I Arduino Uno’s Atmega328 er det lavet sadan — af Compileren — at hver gang der er ankommet en
hel Byte, udlgses et interrupt, (USART Rx Complete interrupt) i baggrunden som flytter data over
i en ring-buffer, en FIFO buffer, pa 64 Byte.

Her ligger de ankomne data indtil de hentes af den software, man selv har skrevet.

Hvis man fjerner en byte med Serial.read() bliver der plads til en byte mere.

Data, der ankommer, hvis bufferen er fuld, bliver tabt. Derfor er man ngdt til at indrette sit program
pa en sadan made, at det henter og behandler ankomne data far bufferen lgber fuld.
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Her et blokdiagram, der viser opbygningen E—— JART Dot Regstor
af en UART. Repister (UBRR) [UDR)
3

Systern Baud Rate
( Obs: Fra AT90S2313 UART !1) Clack ' G¢t Shit Register

Pin DO Data FECOVERY

(RX) logic

Control Logic ‘4_—’ UART Cortrol UART Status
Register (UCR) Register (USR)

R Complete
Interrupt

Se mere pa: http://www.avrbeginners.net/architecture/uart/uart.html

Det kan ske pa to mader, enten at man i sit void loop() tjekker, om der er ankommet en byte med
funktionen  if Serial.available() ” — eller med en separat funktion med navn serialEvent().

Men her skal man vare opmarksom pa, at serialEvent() farst tjekkes efter loop() er gennemlgbet.

Altsa hvis der benyttes delay-funktioner i Loop-programmet, eller evt. while(1) {3}, vil der opsta
problemer.

-0-

Et kald til ”Serial.available()” er indeholdt i en ’if” statement, sa hvis den returnerer et 0, dvs. der
ikke er data i den serielle buffer, sker der ingenting

Serial.available() returnerer 'true' hvis data er modtaget og er klar i bufferen.

Man leaeser fra modtagebufferen fx med koden:

char ch = Serial.read(); //

Denne ordre laeser den fgrst ankommende karakter fra bufferen, og fjerner den fra bufferen.

Temning af Bufferen kan ske med denne
funktion: void clearInputBuffer() {

while (Serial.available() > 0) {
Serial.read()

}
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SerialEvent

I stedet for Serial.read() kan man bruge funktionen ” SerialEvent ”.

Det er en funktion, der - hvis der er serielle data ankommet, - og der er skrevet kode hertil, - kaldes i
slutningen af hver gennemlgb af void loop()

Det ses i falgende kodestump, der stammer fra noget ”C” — kode, altsa far Arduino har lagt deres
lag over en oprindelig udgave af ”’C”:

int main(void) // den bagvedliggende main () - funktion
{
init ()
setup() ; // Call Setup-funktionen
for (;;) { // Loop forever
loop () ; // Call Loop ()

if (serialEventRun) serialEventRun() ;
// Hvis defineret, call Serialevent

}

return 0O;

}

I/ Kilde: (https://forum.arduino.cc/index.php?topic=166650.0 )

Det ses, at hvis der er ankommet serielle data, kaldes serialEvent() efter hver loop.

Det er altsa det samme der sker som med dette eksempel:

// serialEvent () er ngjagtig det samme som dette:
void loop () {
// andet kode i loop

if (Serial.available() > 0) {
minEgenSerialFunktion(); // Kald en Funktion senere i kildeteksten

}

void serialEvent () { /l kaldes automatisk efter hver loop-gennemlgb !!

// do some stuf
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Eksempel:
/*
Serial Event example
When new serial data arrives, this sketch adds it to a String.
When a newline is received, the loop prints the string and clears it.
NOTE: The serialEvent () feature is not available on the Leonardo, Micro, or
other ATmega32U4 based boards.
created 9 May 2011 by Tom Igoe
This example code is in the public domain.
http://www.arduino.cc/en/Tutorial/SerialEvent
*/
String inputString = ""; // a String to hold incoming data
boolean stringComplete = false; // whether the string is complete
void setup() {
Serial.begin(9600) ; // initialize serial:
inputString.reserve (200) ; // reserve 200 bytes for the inputString:
}
void loop () {
if (stringComplete) { // print the string when a newline arrives:
Serial.println(inputString);
inputString = ""; // clear the string:
stringComplete = false;
}
}
/*
SerialEvent occurs whenever a new data comes in the hardware serial RX. This
routine is run between each time loop () runs, so using delay inside loop can
delay response. Multiple bytes of data may be available.
*/

void serialEvent () {
while (Serial.available()) {
char inChar = (char)Serial.read(); // get the new byte:
inputString += inChar; // add it to the inputString:

// 1f the incoming character is a newline, set a flag so the main loop can
// do something about it:
if (inChar == "\n') {

stringComplete = true;

}
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Det er i princippet blot handtering af seriel modtagelse, der er lagt ned i en funktion.

Et Serial Event eksempel mere:

// Her vises blot den funktion, der kaldes, hvis den er med i ens program

void serialEvent () {
while (Serial.available()) { // Sa& la&nge der er noget 1 bufferen
// get the new byte:
char inChar = (char)Serial.read();

if (inChar == "\n') {
// 1if the incoming character is a newline, set a flag
// so the main loop can do something about it:

stringComplete = true;
} else {
// add it to the inputString:
inputString += inChar;
}

Arduinos IDE har et eksempel: Se Filer / eksempler / Communication / SerialEvent
Top

Og endelig en pa spansk:

String vectorCaracteres;

char vectorChar[10]; //No creo que se coloquen mas de 9 digitos mas el signo
boolean TransmisionCompleta = false;

int numeroEntero = 0;

void setup() {

Serial.begin ( ),
vectorCaracteres.reserve ( )
Serial.println("Ingresa un numero entero y despues presiona enviar: ");

void loop() {

//Ciclo infinito

if (TransmisionCompleta) {
vectorCaracteres.toCharArray(vectorChar,10);
numeroEntero = atoi(vectorChar);

Serial.print("El numero entero Ingresado es: ");
Serial.println(numeroEntero) ;
Serial.println("Ingresa un numero entero y despues presiona enviar: ");
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// clear the string:
vectorCaracteres = ""; //Limpiar el String
TransmisionCompleta = false; //Limpiar la bandera
}
}

void serialEvent () {
while (Serial.available()) {
char CharEntrada = Serial.read(); //Leer un byte del puerto serial
vectorCaracteres += CharEntrada; //Agregar el char anterior al string
if (CharEntrada == '\n') { //Si se detecta un fin de linea
TransmisionCompleta = true; //Se indica al programa que el usuario
termino de ingresar la informacion

}
}

}
Top

Brug flere softserial-objekter:

Den indbyggede hardwareserial - UART — pa pin 0 & 1 - kan uden problemer bruges samtidig med
et softserial objekt.

Men hvis der skal bruges flere softserial objekter, vil man nok lgbe ind i problemer.

Det er muligt, at definere og bruge to softserial objekter i et program, men de kan bare ikke bruges
samtidig. De vil vist bruge samme databuffer, og det kan give problemer

Et softserial objekt startes fx med

#include <SoftwareSerial.h>
SoftwareSerial SoftSerialOne (

N
// og 1 Setup:

SoftSerialOne.begin ( )

Men Serial-objektet kan stoppes igen med

SoftSerialOne.end().// disabel seriel kommunikation.
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Nar en softserial er disablet, kan man bruge de RX og TX-pins, der blev brugt i objektet til normale
I/O-funktioner.

Objektet kan gen-enables softserialone.begin ( ) ;

Foelgende fra Arduino-hjemmeside mm:

SoftwareSerial only has one internal buffer. Yes, you can have multiple SoftwareSerial objects in
existence, but only one of them controls the internal buffer. When any RX pin gets asserted, that
generates an interrupt, but only the listen()ing RX pin gets checked for a start bit.

Her er et eksempel, hvor der er brugt 2 Softserial-objekter:

#include <SoftwareSerial.h>

// define digital pins for RX and TX for two
// software serial connections
const int RX1
const int TX1
const int RX2 ;
const int TX2 ;

// create SoftwareSerial objects

SoftwareSerial SoftSerialOne (RX1,TX1);
SoftwareSerial SoftSerialTwo (RX2,TX2);

void setup(void) {
// setup the software serial pins
pinMode (RX1, INPUT) ;
pinMode (RX2, INPUT) ;
pinMode (TX1, OUTPUT) ;
pinMode (TX2, OUTPUT) ;
}

void loop(void) {

SoftSerialOne.begin ( ) // begin communication on the first
// software serial channel

SoftSerialOne.print("Hello World"); // send something

SoftSerialOne.end() ; // end communication on the first software
// serial channel
SoftSerialTwo.begin ( ) // begin communication on the second

// software serial channel
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SoftSerialTwo.print ("Hello World"); // send something
SoftSerialTwo.end() ; // end communication on the second software
// serial channel

}

Her er et andet eksempel, hvor der er brugt en 1isten () metode:

The 1isten () method of SoftwareSerial isonly required if you have more than one
SoftwareSerial connection.

/*

Software serial multiple serial test

Receives from the two software serial ports, and sends to the hardware serial
port.

In order to listen on a software port, you call port.listen().

When using two software serial ports, you have to switch ports by listen()ing
on each one in turn. Pick a logical time to switch ports, like the end of an
expected transmission, or when the buffer is empty. This example switches
ports when there is nothing more to read from a port

Created 19 March 2016 by Tom Igoe

This example code is in the public domain.

*/

#include <SoftwareSerial.h>
SoftwareSerial portOne(10, 11); // software serial #1: RX, TX

SoftwareSerial portTwo(8, 9); // software serial #2: RX, TX

void setup() {

Serial.begin(9600); // Open serial communications

while (!'Serial) { // wait for port to open:

}

portOne.begin (9600

portTwo.begin (9600
}

; // Start each software serial port

void loop() {

// By default, the last intialized port is listening.
// when you want to listen on a port, explicitly select it:
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portOne.listen() ;
Serial.println("Data from port one:"); // to debugwindow

// while there 1is data coming in, read it
// and send to the hardware serial port:

while (portOne.available() > 0) {
char inByte = portOne.read()
Serial.write(inByte);

}
Serial.println(); // blank line to separate data from the two ports:
portTwo.listen() ; // Now listen on the second port

// while there is data coming in, read it
// and send to the hardware serial port:

Serial.println("Data from port two:");
while (portTwo.available() > 0) {
char inByte = portTwo.read();
Serial.write(inByte);

}

Serial.println(); // blank line to separate data from the two ports:

Alternative softserial biblioteker

Udover den Arduinos egen indbyggede softserial metode findes der andre biblioteker, der kan
downloades og installeres. De har hver deres fortrin. Undersgg selv !!

Her et par navne:

AltSoftSerial  |mproved software emulated serial, using hardware timers for precise signal timing and
availability of CPU time for other libraries to respond to interrupts during data AltSoftSerial
data transmission and reception.

NeoSWSerial The NeoSWSerial class is intended as an more-efficient drop-in replacement for the Arduino
built-in class SoftwareSerial. If you could use Serial, Seriall, Serial2 or Serial3, you
should use NeoHWSerial instead.

NewSoftSerial

Se fx: http://arduiniana.org/libraries/newsoftserial/

AFSoftSerial

Fra Sparkfun: https://cdn.sparkfun.com/assets/resources/2/9/23NewSoftSerial.pdf
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There’s some fine print you should be aware of. Generating (and receiving) serial data in
software is extremely processor - intensive, since it needs to send (and receive) every bit in
every character at exactly the right time, thousands of times per second

. The problem becomes worse at high serial speeds, and the more soft serial ports you create.
Once the processor can’t keep up with all those bits, you'll start losing data. Here are some tips
to help you get the most out of soft serial ports:

When choosing which ports to use, save the hardware port for the fastest / heaviest connection
you have. Use soft serial ports for low speed / lightly used connections if possible. (However, if
you’re using the USB serial link back to your PC, you’ll have to use the hardware port for that).

Keep your soft serial rates as low as possible, and between 9600 and 57600 baud. Other baud
rates (lower or higher) may not work reliably.

Soft serial ports may interfere with other interrupt - driven libraries, such as Servo. Google for
advice in these cases.

If you create more than one soft serial port, only one of them (the one you last used) will be able
to receive data at a time. This may not be a huge problem, as you can often structure your
program to access them sequentially as required

Top

Seriel bibliotek:

Se oversigt over mulighederne med det serielle bibliotek i Arduinoverdenen

https://www.arduino.cc/reference/en/lanquage/functions/communication/serial/

Se 7? http://forum.arduino.cc/index.php?topic=45952.0
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Serial Class - used partially in section 5.1. Full list of functions are:

Oversigt over funktioner i Serial- \ Name | Brief Description |
biblioteket. Serial.begin() set the data rate
Serial.end() disables serial communication

Serial.available() | Gets number of bytes available for reading (al-
ready in the receive buffer which holds 128 bytes)

Fejl: FlUSh() - er ikke korrekt I Serial.read() geafn;l i)ncoming serial data (and removes from
. uffer
Funktionen er blevet eéendret efter Serial.peek() returns the next byte of serial data without re-
Arduino IDE version 1.0 til at moving from buffer
9 : it Serial.flush() removes all data in receive buffer
vente pa, at alle byteS I transmit Serial.print() prints data to the serial port as human-readable
bufferen er sendt !! ASCII text

Serial.println() | prints data to the serial port as human-readable
ASCII text followed by a newline
Serial.write() sends data byte to the serial port

Serial.flush()

Serial.flush() er en funktion, der bruges til at vente pa, at sendebufferen bliver tamt.
Men funktionen har fer virket pa den made, at den temte modtagebufferen.

Wait for any transmitted data still in buffers to actually transmit. If no data is waiting in a buffer to
transmit, Serial.flush() returns immediately.

Dvs. at programmet venter til alle bytes er sendt. Det kan veere ngdvendig i nogle sammenhange!
Altsa:

For most programs, the transmit buffer is a good thing. 1¢’ll keep your Arduino from getting tied up
waiting for Serial transfers to finish. However, if you have critical timing mixed in with

Serial.print()s, you need to keep in mind that your timing might change. That’s where the
Serial.flush() comes into play. It gives you a chance to wait until all Serial.print()ing is done.

Kilde: https://www.baldengineer.com/when-do-you-use-the-arduinos-to-use-serial-flush.html

Temning af Recieve-buffer igen:

// tom Seriel modtage-Buffer:

while (Serial.available()) {
Serial.read();

}
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5

Seriel transmission eksempler:

Der er brugt println, dvs. der efter hver sendt veerdi sendes en kode for ”ny linje”.

byte myByte;
void setup(void) {
Serial.begin( ); // begin serial communication

}

void loop(void) {
if (Serial.available()>0) { // there are bytes in the serial buffer to read
while (Serial.available()>0) { // every time a byte is read it is
expunged
// from the serial buffer so keep reading the buffer until all the bytes
// have been read.
myByte = Serial.read(); // read in the next byte
}
Serial.println(myByte, DEC); // base 10, this is the default
Serial.println(myByte, HEX); // base 16
Serial.println(myByte, OCT); // base 8
Serial.println(myByte, BIN); // base 2

Serial.write (myByte) ; // ASCII character
Serial.println(); // carriage return
delay( ) // a short delay

/*
* Serial Formatting
* Print values in various formats to the serial port

*/
char chrValue = ; // these are the starting values to print
byte byteValue = ;
int intvalue = ;
float floatValue = ;

void setup ()

{
Serial.begin ( )

}

void loop ()

{
Serial.println("chrvValue: "); // chrValue:
Serial.println(chrValue) ; // A
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Serial.write(chrValue) ; // A
Serial.println(chrValue,DEC) ; // 65
Serial.println("bytevValue: "); // byteValue:
Serial.println(byteValue) ; // 65
Serial.write(byteValue) ; // A
Serial.println(byteValue,DEC) ; // 65
Serial.println("intValue: "); // intValue:
Serial.println(intValue) ; // 65
Serial.println(intValue,DEC) ; // 65
Serial.println(intValue,HEX) ; // 41
Serial.println(intvValue,BIN) ; // 1000001

Serial.println("floatValue: "); // floatValue:

Serial.println(floatValue) ; // 65.00
Serial.print (78, BIN) // viser "1001110"
Serial.print (78, OCT) // viser "116"
Serial.print (78, DEC) // viser "78"
Serial.print (78, HEX) // viser "4E"
Serial.println( , 0) // viser "1", dvs. 0 decimaler
Serial.println( , 2) // viser "1.23"
Serial.println( , 4) // viser "1.2346"
Serial.print ("\t"); // prints a tab

Man kan bruge serial.write(buffer, lengde) til at sende mere end 1 byte ad gangen. Dette giver en
meget hurtig og effektiv datatransmission:

I neste eksempel konverteres en sensorveerdi, der ikke kan vare i en 8 bit variabel, til et array af
ASCII karakterer, for det sendes.

//Sender Code

char str[4];

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

}

void loop () {
int value=1234; // fx en sensor-verdi

itoa (value, str, 10); //konverterer vardien til en character array med Base 10
Serial.write(str, 4); // send 4 karakterer

}

itoa( , str, ) ; // should return string "1567"

itoa (- , str, ) // should return string "-1567"
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itoa(l567, str, 2); // should return string base 2, "11000011111"
itoa(1567, str, 106); // should return string "61f"

Og her er der ankommet en raekke serielle bytes, med Ascii-veerdier for tal. De konverteres retur til
et tal.

char incomming[] = H

int 1 = 0;

while ( Serial.available() > 0 {
incomming[i] = Serial.read():; // Read incomming
i++;

}

int newNumber = atoi(incomming) ;

//Receiver Code, Add to String
char str[4];
void setup () {

Serial.begin (9600) ;

Seriall.begin (9600) ;
}

void loop () {

int i=0;
if (Seriall.available()) {
delay (100); //allows all serial sent to be received together
while (Seriall.available () && i<4) {
str[i++] = Seriall.read():;

}
str[i++]="\0";

}

if (i>0) {
Serial.println(str,4);
}
}

http://robotic-controls.com/learn/arduino/arduino-arduino-serial-communication

For ovenstaende — se dokumentet om Algoritmer !!.

|// Brug af funktioner:
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char receivedChar;
boolean newData = false;

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

Serial.println("<Arduino is

}

void loop() {
recvOneChar () ;
showNewData () ;

}

void recvOneChar () {

if (Serial.available() > 0) {

receivedChar = Serial.read();
newData = true;
}
}
void showNewData () { // En anden Function
if (newData == true) {
Serial.print("This just in ... "),

Serial.println(receivedChar);

newData = false;

/I http://forum.arduino.cc/index.php?topic=288234.0

ready>") ;

// Call Function
// Call Function

// En function

/*

* SerialReceive Sketch

* LED blinker med en frekvens afhengig af serielt modtaget verdi

*/

const int ledPin = 13;
int blinkRate=0;

void setup()

// Pin 13 er forbundet til LED
// Blinkrate i1 denne Variable

{
Serial.begin(9600) ; // Seriel Port sender og modtager med 9600 Baud
pinMode (ledPin, OUTPUT) ; // Definer Pin som udgang
}
void loop ()
{
blink() ;
}
void serialEvent ()
{
while(Serial.available())
{
char ch = Serial.read();
Serial.write(ch);
if( isDigit(ch) ) // ASCII-tegn mellem 0 und 9°?
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{
blinkRate = (ch - '0"); // ASCII-verdi omregnes til numerisk
blinkRate = blinkRate * 100; // Blink-Rate er 100mS * modtaget ciffer
}
}
}
void blink() // Blink subrutine
{
digitalWrite(ledPin,HIGH) ;
delay(blinkRate) ; // Delay afhzngig af modtaget tal
digitalWrite (ledPin,LOW) ;
delay(blinkRate) ;
}
Kilder:

https://www.thali.ch/files/Shop/Documents/100137 Leseprobe.pdf
https://www.safaribooksonline.com/library/view/arduino-cookbook-2nd/9781449321185/ch04.html

/*
* Math is fun!
*/

#include "math.h" // include the Math Library
int a

int b
int h;

3;
4;

void setup() // run once, when the sketch starts

{
Serial.begin(9600); // set up Serial library at 9600 bps

Serial.println("Lets calculate a hypoteneuse"); // send data til

// Debugvinduet
Serial.print("a = ");
Serial.println(a); // 1n efter print tilfgjer en linefeet

Serial.print("b = ");
Serial.println(b);

h = sqrt( a*a + b*b );

Serial.print("h = ");
Serial.println(h);

/ Valle Thorg Side 38 af 56


https://www.thali.ch/files/Shop/Documents/100137_Leseprobe.pdf
https://www.safaribooksonline.com/library/view/arduino-cookbook-2nd/9781449321185/ch04.html

% SZRIZL KOMMYNIXKATION WEZD ARDUIYO — Version

30/9 2021
void loop() // we need this to be here even though its empty
{
}
Et andet eksempel, hvor der mangler et void setup()
int value = 0;
int sign = 1;
void loop()
{
if( Serial.available())
{
char ch = Serial.read();
if(ch >= '90' & & ch <= '9") // is this an ascii digit between @
// and 9?
value = (value * 10) + (ch - '90"); // yes, accumulate the value
else if( ch == '-")
sign = -1;
else // this assumes any char not a digit or
// minus sign terminates the value
{
value = value * sign ; // set value to the accumulated value
Serial.println(value);
value = 0; // reset value to 0@ ready for the next
// sequence of digits
sign = 1;
}
}
}
/*

Dette eksempel modtager data fra PC-en og udfgrer en handling
afthangig af, hvad der sendes til Arduinoen

*/
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void loop()

{
if (Serial.available())

{
char ch = Serial.read();
if (ch >= '0' & ch <= '7")
{
int led = ch - '0";
bitSet(leds, led);

Serial.print("Turned on LED ");

// kun hvis mellem ASCII 30 og 37

// Do something

Serial.println(led);
}
if (ch == 'x") // Hvis lig ASCII-vardien for X
{ // Do ..
leds = 0;
Serial.println("Cleared");
}

}

Se fx Youtube: http://www.youtube.com/watch?v=T8U1CM2hkIA

SERIAL COM - HANDELING MULTIPLE BYTES inside ARDUINO - ©1_simple version
by beltran berrocal

this program establishes a connection with the pc and waits for it to send
a long string of characters like "hello Arduino!™.
Then Arduino informs the pc that it heard the whole sentence

this is the first step for establishing sentence long conversations between
arduino and the pc.

serialRead() reads one byte at a time from the serial buffer.

so in order to print out the whole sentence at once

(it is actually still printing one byte at a time but the pc will receive it
not interupted by newLines or other printString inside your loop)

You must loop until there are no more bytes in the serial buffer and

print right away that byte you just read.

After that the loop can continue it's tasks.

created 15 Decembre 2005;
copyleft 2005 Progetto25zerol

¥ K K K K K K K K K K K K K K X X X X ¥\

<http://www.progetto25zerol.com>
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int serIn; //var that will hold the bytes in read from the serialBuffer

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

void loop () {
//simple feedback from Arduino Serial.println("Hello World");

if(Serial.available()) { // execute the following code only if there are
// bytes in the serial buffer
Serial.print("Arduino heard you say: ");
// Tell PC, that Arduino heard you send something
// keep reading and printing from serial until
// there are bytes in the serial buffer
while (Serial.available()>0){
serIn = Serial.read(); //read Serial
Serial.print(serIn, BYTE); //prints the character just read

//the serial buffer is over just go to the line
// (or pass your favorite stop char)
Serial.println();
}
delay(1000); //slows down the visualization in the terminal

}

Top

Arrays:

Konvertering af et tal til Array og omvendt.

| forbindelse med seriel transmission kan det nogle gange vaere svart at sende en sensorverdi. En
byte kan jo kun indeholde verdier op til 255d, men hvis der fx laeses en sensor tilsluttet en analog
input, fx A0, fas et tal mellem 0 og 1023.
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Hvis dette tal derefter skal sendes via en seriel port, ma der ngdvendigvis sendes flere bytes.
En mulighed er at konvertere tallet til et Array, der derefter sendes.

Modtageren kan derefter leese de modtagne bytes ind i et array, for derefter at konvertere arrayet til
et tal.

Konvertering kan foregéd med funktionerne ”itoa” og “atoi”.
Det star for hhv. Int to Array, og Array to Int.

Eksempel:

Her defineres et array med plads til 7 elementer. Dernaest konverteres et tal sa hver ciffer placeres i
arrayet.

char myArray[7]; //the ASCII of the integer will be stored in myArray.
itoa( ,myArray,10); //(integer, Array, base)

Eksempel: Konverter et tal til array og send det serielt:

// Dette eksempel er Testet 9/4-2019 / Valle

//Kode fra: <http://robotic-controls.com/learn/arduino/arduino-arduino-serial-
communication>

char str[4];
void setup() {

Serial.begin ( ),
}

void loop() {

int value = ; //this would be much more exciting if it was a sensor
value

itoa(value, str, ), //Turn value into a character array “ str” with
Base 10.

Serial.write(str, 4); // Hver element I Arrayet “str” sendes efter hinanden.

}

Modtagq serielle bytes og converter dem til en int.

//Receiver Code, Testcompileret 9/4-2019, Valle
char str[4]; // definer et string ?? - array?? med 4 elementer
#include <SoftwareSerial.h>

SoftwareSerial SoftSerial(2, 3):
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void setup() {
Serial.begin( );
SoftSerial.begin( ),
}

void loop() {

int 1 = 0;
if (SoftSerial.available()) {
delay ( ) //allows all serial sent to be received together

while (Serial.available() && 1 < 4) {
str[i++] = SoftSerial.read();
} // Endwhile
str[i++] = '"\0'; // terminer string med O
} // Endif

if (1 > 0) {
Serial.write(str, 4);
}
}

Konverter Ascii-Array til tal:

// Spansk!!

// https://hetpro-store.com/TUTORIALES/arduino-atoi/

// er testet - og virker / Valle.

char vectorCaracteres[5] = {'1', '2', '"1', '5', '"6'}; // def indhold i string.

void setup() {

int numeroEntero = atoi(vectorCaracteres); // Konverter array til int tal.
Serial.begin( ) ;
Serial.print("Int-nummeret er: ");

Serial.println(numeroEntero) ;

}
void loop () {

// Do nothing, / Ciclo infinito.
}

Et eksempel mere! Fra String til Heltal

// P& Spansk:
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// https://hetpro-store.com/TUTORIALES/arduino-atoi/
// Er testet og virker, Valle !!

String vectorCaracteres = "12156"; // def string med indhold
char vectorChar[10]; // def Array

void setup() {

vectorCaracteres.toCharArray (vectorChar, ); // konverter fra ¢? Til ¢°?
int numeroEntero = atoi(vectorChar); // konverter til et heltal
Serial.begin ( )

Serial.print ("Nummeret er: ");

Serial.println(numeroEntero) ;
}
void loop() {

// Loop forever /Ciclo infinito

}

Jeg er ikke helt klar over indholdet af de to Strings / arrays i ovenstaende !!

//
// Testet, Valle

void setup()

{
Serial.begin ( )

}

void loop()

{
char x[10] = "450"; // Hvad er der nu i1 de 10 elementer
int result = atoi(x);
Serial.print("integer value of the string is: ");
Serial.println(result);
while (1); // Loop Forever

}

Kilde: https://circuits4dyou.com/2018/03/09/how-to-convert-int-to-string-on-arduino/
( her er ogsa vist, hvordan man kan gare det manuelt !!)

/*
https://circuitsdyou.com/2018/03/09/how-to-convert-int-to-string-on-arduino/
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circuitsédyou.com

String to Integer Manual Conversion
Testet 9/4-2019, Vvalle
*/

void setup()
{

Serial.begin (9

}

void loop()

{
String num = "1234";
int i, len;
int result = 0;
Serial.print ("Number: ");
Serial.println(num) ;
len = num.length() ;

for (i = 0; 1 < len; i++)
{

result = result * 10 + ( num[i] - '0" );
}

Serial.println(result) ;

Et eksempel fra Arduino Cookbook:

// Testet 9/4-2019, Valle

int blinkRate; // blink rate stored in this variable

char strValue[6]; // must be big enough to hold all digits and the terminating
0
int index = 0; // the index into the array storing the recieved digits.

void setup() {

Serial.begin(9600) ;
// put setup code here.
}

void loop() {
if ( Serial.available() > 0)
{
char ch = Serial.read();
if (index < 5 && ch >= '0' && ch <= '9'" ) {
strValue[index++] = ch; // add the ASCII Character to string.
}
else
{
// here when buffer full or on the first non digit
strValue[index] = 0; // Terminate string with O
blinkRate = atoi(strValue); // Use atoi to convert string to an int.
index = 0;

/ Valle Thorg Side 45 af 56



% SZRIZL KOMMYNIXKATION WEZD ARDUIYO — Version
30/9 2021

Serial.println(blinkRate) ;
}

blink();
}
}

// Subs:

void blink() {
// Stuf here
}

// Der skal trakkes "0 fra hver element 1 arrayet for at f& tallet ud af
ascii.

Parselnt: 7?2?7777

Med denne funktion kan man lede efter farste tal i en indkommende reekke bytes: ???

int red = Serial.parselInt(); // look for the next valid integer in
// the incoming serial stream:

Strings:

Tekststrings kan repraesenteres pa to mader. Der kan bruges datatypen String, eller man kan lave en
string ud af et array af typen char, og null-terminere den.

Generelt er strings termineret med ASCII koden 00h. ( 0x00 )

Dette giver funktioner som Serial.print()) mulighed for at vide, hvornar string’en er feerdig. Ellers
ville Serial.print() fortseette med at sende bytes, der ikke er en del af string’en.

Det betyder ogsa, at en string skal have plads til en byte mere end den tekst, den skal indeholde.

Strings og Characters

Karakterer skrives med enkelt maerke: fx 'w'

Strings skrives mellem dobbelt anfgrselstegn: "This is a string"
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Eks:
char Str3[8] = {'a', 'r', 'd', 'u', 'i', 'n', 'o', '"\0'};
char Str4[ ] = "arduino";
char Str5[8] = "arduino";
Eks:
if (inChar == '\n') { // end of line, which means we got the whole string
stringComplete = true;

}
// og 1 mere
while (Serial.available()) {

char inChar = (char)Serial.read():; // get the new byte:

inputString += inChar; // add it to the inputString:

if (inChar == '\n') { // if the incoming character is a newline, set a

flag so the main loop can
// do something about it:
stringComplete = true;

}

byte myByte;
void setup (void) {
Serial.begin(9600); // begin serial communication

}

void loop(void) {
if (Serial.available()>0) { // there are bytes in the serial buffer to read

while (Serial.available()>0) { // every time a byte is read it is
expunged

// from the serial buffer so keep reading the buffer until all the bytes

// have been read.

myByte = Serial.read(); // read in the next byte

}

Serial.println(myByte, DEC); // base 10, this is the default

Serial.println(myByte, HEX); // base 16

Serial.println(myByte, OCT); // base 8

Serial.println(myByte, BIN); // base 2

Serial.write (myByte); // ASCII character

Serial.println(); // carriage return

delay(100); // a short delay
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Test om indhold af en string er:

Syntax:

myString.substring(from)
myString.substring(from, to)

myString: a variable of type String

from: the index to start the substring at

to (optional): the index to end the substring before

Eksempel:

content.toUpperCase
if (content.substring(1) == "BD 31 15 2B") //

Serial.println("Authorized access"
delay (3000

Top

Array of strings:

Ofte er det bekvemt, hvis man arbejder med store mangder af tekst, fx beskeder til en LCD-skarm,
at benytte et array af Strings.

Men fordi Strings selv er Arrays, vil der i virkeligheden vare tale om et to-dimensionelt Array

In the code below, the asterisk after the datatype char “char*” indicates that this is an array of
“pointers”. All array names are actually pointers, so this is required to make an array of arrays.
Pointers are one of the more esoteric parts of C for beginners to understand, but it isn’t necessary
to understand pointers in detail to use them effectively here.

char* myStrings[]={"This is String 1", "T
"This is String 4", "This is String 5","T

ring 2", "This is String 3",

void setup () {
Serial.begin ( )
}

void loop () {
for (int 1 = 0; 1 < 6; i++){
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Serial.println(myStrings[i])
delay ( ) ;
}

}
Top

const byte numChars = ;
char receivedChars[numChars];

boolean newData = false;

void setup() {
Serial.begin ( ) ;
Serial.println("<Arduino is ready>");

}

void loop() {
recvWithStartEndMarkers() ;
showNewData () ;

}

void recvWithStartEndMarkers () {
static boolean recvInProgress = false;
static byte ndx = 0;
char startMarker = '<';
char endMarker = '>';
char rc;

// 1f (Serial.available() > 0) {

while (Serial.available() > && newData == false) {

rc = Serial.read():;

if (recvInProgress == true) {

if (rc '= endMarker) {
receivedChars[ndx] = rc;
ndx++;
if (ndx >= numChars) {

ndx = numChars - 1;

}

}

else {

receivedChars[ndx] = '\0'; // terminate the string

recvInProgress = false;
ndx = 0;
newData = true;

}

else if (rc == startMarker) {
recvInProgress = true;

}
}

void showNewData () {
if (newData == true) {
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Serial.print("This just in ... ");
Serial.println(receivedChars) ;
newData = false;

Se fglgende for string-sammenligning:

https://www.arduino.cc/en/Tutorial/StringComparisonOperators
/*

Comparing Strings

Examples of how to compare strings using the comparison operators

created 27 July 2010
modified 2 Apr 2012
by Tom Igoe

http://www.arduino.cc/en/Tutorial/StringComparisonOperators

This example code is in the public domain.

*/
String stringOne, stringTwo;

void setup () {
// Open serial communications and wait for port to open:
Serial.begin (9600) ;
while (!Serial) ({
; // wait for serial port to connect. Needed for native USB port only

stringOne = String("this");

stringTwo = String("that");

// send an intro:
Serial.println("\n\nComparing Strings:");
Serial.println();

}

void loop() {
// two strings equal:

if (stringOne == "this") {
Serial.println("StringOne == \"this\"");

}

// two strings not equal:

if (stringOne !'= stringTwo) {
Serial.println(stringOne + " =! " 4+ stringTwo) ;

}

// two strings not equal (case sensitivity matters) :
stringOne = "This";
stringTwo = "this";
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if (stringOne !'= stringTwo) {
Serial.println(stringOne + " =! " 4+ stringTwo);
}
// you can also use equals() to see if two strings are the same:
if (stringOne.equals(stringTwo)) {
Serial.println(stringOne + " equals " + stringTwo) ;
} else {
Serial.println(stringOne + " does not equal " 4+ stringTwo);
}
// or perhaps you want to ignore case:
if (stringOne.equalsIgnoreCase(stringTwo)) {
Serial.println(stringOne + " equals (ignoring case) " 4+ stringTwo);
} else {
Serial.println(stringOne + " does not equal (ignoring case) " +
stringTwo) ;
}
// a numeric string compared to the number it represents:
stringOne = "1";
int numberOne = 1;
if (stringOne.toInt () == numberOne) {
Serial.println(stringOne + " = " + numberOne) ;
}
// two numeric strings compared:
stringOne = "2";
stringTwo = "1";
if (stringOne >= stringTwo) {
Serial.println(stringOne + " >= " 4+ stringTwo) ;
}
// comparison operators can be used to compare strings for alphabetic
sorting too:
stringOne = String("Brown");
if (stringOne < "Charles") {
Serial.println(stringOne + " < Charles");
}
if (stringOne > "Adams'") {
Serial.println(stringOne + " > Adams");
}
if (stringOne <= "Browne") {
Serial.println(stringOne + " <= Browne'");
}
if (stringOne >= "Brow'") {
Serial.println(stringOne + " >= Brow'");
}
// the compareTo () operator also allows you to compare strings
// 1t evaluates on the first character that's different.
// if the first character of the string you're comparing to
// comes first in alphanumeric order, then compareTo() is greater than 0:
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stringOne = "Cucumber";
stringTwo = "Cucuracha';
if (stringOne.compareTo(stringTwo) < 0) {

Serial.println(stringOne + " comes before " 4+ stringTwo) ;
} else {

Serial.println(stringOne + " comes after " + stringTwo) ;
}
delay ( ); // because the next part is a loop:

// compareTo () is handy when you've got strings with numbers in them too:

while (true) {
stringOne
stringTwo

1]

"Sensor: ;

1]

"Sensor: ;

stringOne += analogRead (A0) ;
stringTwo += analogRead (A5) ;

if (stringOne.compareTo(stringTwo) < 0) {

Serial.println(stringOne + " comes before " 4+ stringTwo);
} else {
Serial.println(stringOne + " comes after " 4+ stringTwo);

Se mere om strings:

https://startingelectronics.org/software/arduino/learn-to-program-course/18-strings/
https://forum.arduino.cc/index.php?topic=88039.0

Las kun Int i en string: https://www.arduino.cc/en/Tutorial/Read ASCIIString

if (strcmp(buffer, "magic") == 0) { // compare if it matches the magic word

Testinstrument

Jeg har lavet et testinstrument til at sende og modtage serielle data.
En printudlaegstegning kan findes pa hjemmesiden under Instrumenter:

Instrumentet kan indstilles til forskellige gaengse baudrates, og sende data, og modtage og vise data
som Hex eller ASCII.

Printet kan handtere UART-signaler, RS485 og ogsa radiosignaler sendt med HC12-modulet.
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Her ses printlayoutet:

Instrument til at vise og sende serielle data
it ti so10dT allsV @
@ : APOS - (sM AP
. ' et | 19bna2 \ 10tinoM Isise

13/5-2019 er kittet udbygget med et HC-12 modul.
Dvs. der kan forbindes sa der sendes / modtages bytes via 433 MHz vha. et HC-12 modul.

Forbindelser til
HC-12 Printet.

Top

Kilder:

Derude pa nettet findes der et hav af eksempler. @velsen gar bare ud pa at finde de rigtige
eksempler.
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Om seriel modtagning, med eksempler: https://forum.arduino.cc/index.php?topic=396450.0

Mere kompleks sende / modtagning af data: http://www.martyncurrey.com/arduino-serial-part-4-
ascii-data-and-using-markers-to-separate-data/

God link: https://www.oreilly.com/library/view/arduino-cookbook/9781449399368/ch04.html

http://www.evilmadscientist.com/2009/basics-serial-communication-with-avr-microcontrollers/
https://code.google.com/p/arduino-buffered-serial/
https://www.safaribooksonline.com/library/view/arduino-cookbook-2nd/9781449321185/ch04.html
https://www.arduino.cc/en/Tutorial/SerialCallResponse
http://arduinobasics.blogspot.dk/2012/07/arduino-basics-simple-arduino-serial.html
http://www.jeremyblum.com/2011/02/07/arduino-tutorial-6-serial-communication-and-processing/

Serial: https://github.com/siggiorn/arduino-buffered-serial

https://www.pjrc.com/teensy/td libs SoftwareSerial.html
Se: http://www.avrbeginners.net/architecture/uart/uart.ntml for hardware
From ino to runnable code

http://www.mertl-research.at/ceon/doku.php?id=coding:arduino:ardinternals compilation
http://maxembedded.com/2013/09/the-usart-of-the-avr/ med registre vist.
http://techtidda.com/serial-communication-usart/

https://www.baldengineer.com/when-do-you-use-the-arduinos-to-use-serial-flush.html

https://programmingelectronics.com/using-the-print-function-with-arduino-part-1/

https://programmingelectronics.com/using-the-print-function-with-arduino-part-2/

Se fx:
https://books.google.dk/books?id=raHyKejOBF4C&pg=PA143&Ipg=PA143&dg=debounce+count
&source=bl&ots=gng7UTks7Q&sig=ACfU3U2Ex58F2BeYPvC1tyORBDjOUgloMQ&hl=da&sa=
X&ved=2ahUKEwjHqPPS1ovpAhXTTRUIHX0hBSWQ6AEWDX0ECA0QAQ#v=0nepage&qg=de
bounce%20count&f=false

Top

Uddybende bonus-note:
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Arduino Serial Support

Arduino is a micro-controller board that supports serial communication. For example, at the center of Arduino Uno is
the ATmega328 chip, which has built in UART with TTL wired to Digital Pin O(RX) and 1(TX) of the board. (In fact, it
is called USART in ATmega328, because it also supports synchronous, in addition to asynchronous serial
transmission.) To communicate with PC, Arduino Uno has another ATmega8U2 chip, which chains Pin 0/1 to the
USB port, and appears as a serial port at the PC. That says, Arduino uses traditional RS-232 alike serial
communication protocol on top of a hardware USB connection. Once the correct driver is installed, the Arduino
device appears as USB Serial Port (COMn) on Windows.

The fact that the UART in ATmega328 uses only 2 pins means no hardware flow control based on RTS/CTS or
DSR/DTR is available. The USARTO in ATmega48/88/168/328 has a 2-character FIFO receive buffer and a Receive
Shift Register, effectively providing a 3-char FIFO buffer.

Your Arduino sketch, the software running on Arduino board, can use Arduino Serial to talk with a computer. The
HardwareSerial is based on interrupt handling of serial hardware, with a ring buffer of either 32 or 128 characters

(depending on hardware). It is a pretty simple class, and does not support XON/XOFF software flow control.

Given the design of Arduino architecture, generally the controller runs the foreground code in loop(). When an
interrupt happens, the foreground code is suspended and the corresponding interrupt service handler (ISR) is run.
If the controller is running an ISR and another interrupt happens, the new interrupt’s ISR is not run until the current
ISR returns (no interrupt on interrupt). Because the UART has 3-char buffer, this means if another ISR is ongoing
and does not return timely, when the UART ISR runs it could be too late and a new character could have been lost if
the 3-char buffer is full. From the perspective of code, one character is missing in the received characters. Let me
call this UART buffer overflow. HardwareSerial then reads the received characters and puts them in its 32 or 128
buffer for client fetching, often from loop(). If this buffer is full, the character is not stored and is discarded, and
therefore it is another chance to have a missing character from the perspective of HardwareSerial user. Let me call

this HardwareSerial buffer overflow.

To prevent UART buffer overflow, all the ISRs in the sketch must be short and runs quickly. How quick it should be?
This can be estimated using the baud rate of the serial port. Assuming the 8N1 frame structure, i.e., 8-bit
character, no parity bit, 1 stop bit, plus 1 start bit always there, 10 bits are required to receive a character. If the
baud rate is 9600, a character can arrive in every 1.04 milliseconds. Amtel AVR microcontrollers, for example,
ATmega328P, runs most instructions in a single clock cycle. Given 16MHz clock on Arduino Uno, the chip mostly
rates 16MIPS, and each instruction roughly takes 62.5 nanoseconds. If you do not write super long ISRs that may
call quite some functions (calling overhead) or perform lengthy operations such as read/write EEPROM etc, you
should be fine. But if the buad rate is 115200, the period for a character is about 86.8 microseconds. If the 3-char
FIFO is empty, it can overflow in 0.26 milliseconds. This is enough time to execute 0.26ms/62.5ns = 4166
instructions. Only very reckless ISRs take that long to execute. The general equation for the clock cycles to UART

overflow is 3x10xF/B, where 3 is FIFO depth, 10 is for 10bits/frame, F is clock frequency, and B is baud rate.

Also be careful about unnecessary interrupts. I used to have a very annoying situation that Arduino missed the
characters on Serial frequently. It was monitoring the FALLING edge of pin 3, and in the ISR it would write
something to EEPROM. The mistake was that the pin was not pulled up with a resistor for non-signaled mode and
was just dangling. It turned out that it had random and significant number of interrupts. Combined with the fact

that writing EEPROM is slow, this created a lot of long and possibly consecutive ISR runs, prevented UART ISRs
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from running timely, and caused UART buffer overflows, hence consistent lost characters. Because the Arduino
timing facilities, such as micros() function, rely on timely running of the respective ISR, the mistake even brought

down the timing, and made the board to appear running slower.

To prevent HardwareSerial buffer overflow, the user code, often in loop(), should check Serial.available() and call
Serial.read() without too long intervals. Assuming 128-byte buffer and 9600 baud, in 133 milliseconds the buffer
may overflow. With 115200 baud, the buffer may overflow in 11.1 milliseconds if you do not fetch the characters. If
you are processing a previous command and that takes too long, the next message you receive may be incomplete
due to HardwareSerial buffer overflow. There are a few ways to overcome this problem. Make each processing job
small and do not allow lengthy processing jobs between checking Serial availability. If the serial communication is
the command-reply style, make the commands short, and create a convention, for example, that do not allow the

PC to send in a new command before it receives the reply of the last command from the Arduino board.

In summary:

e Arduino Serial uses: Data_bits=8, Stop_bits=1, Parity=None, Flow_control=None. This is fixed and you
cannot change it when using Serial. Set your PC side accordingly.

e Choose a baud rate that is safe from UART buffer overflows and HardwareSerial buffer overflows for your
code.

e  Write short ISRs to prevent UART buffer overflow.

e Dangling pins with attached ISR may cause fake and random interrupts that can interfere with system
clock and cause UART buffer overlow.

e  Write loop() carefully to check and read Serial as soon as possible to prevent HardwareSerial buffer
overflow.
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