Interrupts in Arduino

. Arduino
Reference: Arduino Cookbgok

Cookbook” (Ist ed.) A
by Michael Margolis.
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const int irReceiverPin = 2;
const int numberOfEntries = 64;

//pin the receiver is connected to

volatile unsigned long microseconds;
volatile byte index = 0;
volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Serial.begin(9600);
attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2);
results[0]=0;

}

void loop()
{

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
'I

‘ Serial.println(results[i]);

while(1)

)

delay(1000);
}

void analyze()

if(index < numberOftntries )

{
if(index > 0)
'f
results[index] = micros()

}

index = index + 1;

}

microseconds = micros();

}

- microseconds;
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Sample Code

¢ You have an IR detector
connected to pin 2.

* This program monitors pulses
on pin 2 and stores the duration
of each pulse in an array.

* When the array has been filled
each duration is displayed on the
Serial Monitor.
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//pin the receiver is connected to

| G

// encoder pin on interrupt 0 (pin 2);

const int irReceiverPin = 2;
const int numberOfEntries = 64;

volatile byte index = 0;

volatile unsigned long microseconds;
volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Serial.begin(9600);
attachInterrupt(0, analyze, CHANGE);
results[0]=0;

}

void loop()
{

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
‘l

‘ Serial.println(results[i]);

while(1)

)

delay(1000);
}

void analyze()

if(index < numberOfEntries )
{

if(index > 0)

"

results[index] = micros()

}

index =
}

microseconds =

}

- microseconds;
index + 1;

micros();
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Volatile
Keyword

* |ts a variable qualifier;it is
used before the datatype of a
variable, to modify the way in
which the compiler and
subsequent program treats the
variable.

e Compiler will load the variable
from RAM and not from a storage
register.

* Under certain conditions, such
as through interrupts, the value
for a variable stored in registers
can be inaccurate.
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const int irReceiverPin = 2; //pin the receiver is connected to

const int numberOfEntries = 64; °
volatile unsigned long microseconds; fu n Ctl O n
volatile byte index = 0;

volatile unsigned long results[numberOfEntries]);

void setup()

*The attachinterrupt(0, analyze,
Seria]..begin(9600); - | J CHANGE); call enables the
attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2); .

\Zesults[0)-0; program to handle interrupts.

pinMode(irReceiverPin, INPUT);

void loop()
{

(index >+ msber0fentries e The first number in the call

Serial.println("Durations in Microseconds are:") ; : : .
for( byte i=0; i < numberOfEntries; i++) SPeCIﬁeS WhICh Interrupt to

‘ Serial.println(results[i]); |n |t|a| IZE.
}

while(1)

)

Je1ay(1000); * On a standard Arduino board
(such as UNO), two interrupts are
o (index < mmbextrEnixies ) available: number 0, which uses pin
' st(index > 0 2,and number | on pin 3.

1
.

}

void analyze()

results[index] = micros() - microseconds;

}
| index = dndex + 3 * Interrupt O and interrupt | have

microseconds = micros();

} the same priorities (with Wiring).
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A lot more
NN e . Interru pts

| ooooo I meser 1 | Seem e oweron
00002

INTO_vect External Interrupt Request 0

0x0004 INT1_vect External Interrupt Request 1
PCINTO PCINTO_vect Pin Change Interrupt Request 0

PCINT1 PCINT1 vect Pin Change Interrupt Request 1 ¢ Yes’ th e re a re a— IOt Of Oth e r
PCINT2 PCINT2_ vect Pin Change Interrupt Request 2 intel"l"upts, but they are internal.

WDT WDT_vect Wiatchdog Time-out Interrupt
TIMER2 COMPA TIMER2_COMPA_vect Timer/Counter2 Compare Match A
TIMER2 COMPB | TIMER2_COMPB_vect Timer/Counter2 Compare Match B

TIMER2 OVF TIMER2_OVF_vect “Timer/Counter2 Ovesflow * We Wi | user th e timer
TIMER1 CAPT TIMER1_CAPT vect Timer/Counter] Capture Event i nte rru Pts Ve ry SOO n .

TIMER1 COMPA | TIMER1_COMPA_vect Timer/Counterl Compare Match A
TIMER1 COMPB | TIMER1_COMPB_vect Timer/Counterl Compare Match B
TIMER1 OVF TIMER1_QVF _vect Timer/Counterl Overflow

TIMERO COMPA TIMERO_COMPA_vect Timer/Counter) Compare Match A ® U n s u rP ri S i ngly th e R ES ET
1h ] L _vect Timer/Counter) Compare Matc . .
IMERO COMPB | TIMERO_COMPB /Counter() Compare Match B |nter|"upt has the h|ghest

TIMERO OVF TIMERO_QVF_vect Timer/Counter) Overflow
SPL, STC SPI_STC_vect SPI Serial Transfer Complete P r-i ®) rity
USART,RX USART_RX_vect USART Receive Complete

USART, UDRE USART_UDRE_vect USART Data Register Empty
USART, TX USART_TX_vect USART Transmit Complete

ADC ADC_vect ADC Conversion Complete ¢ Th i S tab I e i S fro m Ru S S e I I ’S
EE READY EE_READY_vect EEPROM Ready boo k (I iSted O n Syl Iab u S) )

ANALOG COMP | ANALOG_COMP_vect Analog Comparator
TWI TWI_vect 2-wire Sertal Interface

SPM READY SPM_READY_vect Store Program Memory Ready
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const int irReceiverPin = 2; //pin the receiver is connected to

const int numberOfEntries = 64;

volatile unsigned long microseconds;

volatile byte index = 0;

volatile unsigned long results[numberOfEntries]);

void setup()

pinMode(irReceiverPin, INPUT);
Serial.begin(9600);
attachInterrupt(0, analyze, CHANGE);
results[0]=0;

// encoder pin on interrupt 0 (pin 2);

}

void loop()
{

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
‘l

‘ Serial.println(results[i]);

while(1)

)

delay(1000);
}

void analyze()

if(index < numberOfEntries )
{

if(index > 0)

"

results[index] = micros()

}

index =
}

microseconds =

}

- microseconds;
index + 1;

micros();
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attachinterrupt
function

*The second parameter specifies
what function to call (interrupt
handler) when the interrupt
event happens.

* The final parameter specifies
what should trigger the interrupt:
- CHANGE: whenever the pin
level changes (low to high or

high to low).
- LOW: when the pin is low.
- RISING: when the pin goes

from low to high.
- FALLING: when the pin goes

from high to low.
WNE
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°
const int irReceiverPin = 2; //pin the receiver is connected to
const int numberOfEntries = 64; al n OO P

volatile unsigned long microseconds;
volatile byte index = 0;
volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Seria..begin(9600); * The main loop just checks the

attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2);

| results(o]-0; index variable to see if all the

void 1o0p() A entries have been set by the
if (index >= numberOfEntries) interru pt handler.

Serial.println("Durations in Microseconds are:") ;

for( byte i=0; i < numberOfEntries; i++)

( . . .

| serial printin(results(i)); *...And it will print the contents of

{
{

while(1) the array results only once.

)

delay(1000);
}

void analyze()

* Nothing in loop changes the
if(index < numberOfEntries ) Value Of IndeX'The Index IS
' st(index > 0 changed inside the analyze

; results[index] = micros() - microseconds; funCt|On When the Interrupt

| Sndex » tniex + 3 condition occurs.

microseconds = micros();

}
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const int irReceiverPin = 2; //pin the receiver is connected to

const int numberOfEntries = 64;

volatile unsigned long microseconds;
volatile byte index = 0;
volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);
Serial.begin(9600);
attachInterrupt(0, analyze, CHANGE);
results[0]=0;

}

void loop()
{

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
'I

// encoder pin on interrupt 0 (pin 2);

‘ Serial.println(results[i]);
}

while(1)

)

delay(1000);
}

void analyze()

if(index < numberOftntries )
{

if(index > 0)

'f

results[index] = micros() - microseconds;

}

index = index + 1;

}

microseconds = micros();

}
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Termination
condition

* The code stays in the while loop
at the end of the inner block, so
you need to reset the board when
you want to do another run.
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const int irReceiverPin = 2; //pin the receiver is connected to

| ‘(::,
const int numberOfEntries = 64;
°
volatile unsigned long microseconds; fu n Ctl O n
volatile byte index = 0;

volatile unsigned long results[numberOfEntries]);

void setup()

! inkode(irnecetverpin, DRYT); * The micros() function returns
Serial.begin(9600);

attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2); the number Of m|CrO-SeC0ndS

results[0]=0;
} since the Arduino began running
void loop()

{ the current program.

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;

for( byte 1-0; 1 < nunberOfEntries; is) *This number will overflow after
" This number will overflow (go
while(1
; back to zero), after approximately

delay(1000);

\ /0 minutes.

‘ Serial.println(results[i]);

void analyze()

Jéf(index < numberOfEntries ) ® On |6 MHZ ArdL”nO boards
[ne> 0 (e.g. UNO), this function has a

results[index] = micros() - microseconds;

) resolution of four microseconds

index = index + 1;
C r?ﬁcroseconds = micros(); ) « (l.e. the Value I"etUI"ned IS alwa)’S d
! multiple of four).
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const int irReceiverPin = 2; //pin the receiver is connected to

const int numberOfEntries = 64;

°
volatile unsigned long microseconds; fu n Ctl O n
volatile byte index = 0;

volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Serial .begin(9600); e The index value is used to store

attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2);

| resilts(o]-0 the time since the last state
change into the next slot in the

void loop()
{
if(index >= numberOfEntries) I”GSUltS al"l"a)’.
{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
‘I

' Sertal printin(results{i]); * The time is calculated by

ihgem subtracting the last time the state
| changed from the current time in

microseconds.

delay(1000);
}

void analyze()

-

if(index < numberOftntries )

{ ttindex > 0 * The current time is then saved
t results[index] = micros() - microseconds; « asS the IaSt t|me ad Change

}
index = index + 1; .
| ind happened

microseconds = micros();

\_} Y
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const int irReceiverPin = 2; //pin the receiver is connected to

const int numberOfEntries = 64;

o
volatile unsigned long microseconds; va rl a b I e S
volatile byte index = 0;

volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Seril.begin(9600); * The variables that are changed in

attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2);

results[0]-0; an interrupt function are declared
as volatile.

}

void loop()
{

if(index >= numberOfEntries)

{ . .
Serial.println("Durations in Microseconds are:") ; ® Th|s Iets the Compller knOW that

for( byte i=0; i < numberOfEntries; i++)

| the values could change at any

‘ Serial.println(results[i]);

hile(s) time (by an interrupt handler).

)

delay(1000);
}

void analyze()

* Without using the volatile
keyword, the compiler would

-

if(index < numberOfEntries )

{ ttindex > 0 think these variables are not being
t results[index] = micros() - microseconds; « Changed by an)’ COde gettlng Ca.”ed
} .

| dndex = index + 1 and would replace these variables

: | eeroseconds « ncros(); ) with constant values.
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const int irReceiverPin = 2;
const int numberOfEntries = 64;

volatile unsigned long microseconds;
volatile byte index = 0;
volatile unsigned long results[numberOfEntries]);

void setup()

{
pinMode(irReceiverPin, INPUT);

Serial.begin(9600);

attachInterrupt(0, analyze, CHANGE); // encoder pin on interrupt 0 (pin 2);

results[0]=0;

}

void loop()
{

if(index >= numberOfEntries)

{

Serial.println("Durations in Microseconds are:") ;
for( byte i=0; i < numberOfEntries; i++)
‘l

‘ Serial.println(results[i]);

while(1)

)

delay(1000);
}

void analyze()

-

if(index < numberOfEntries )
{
if(index > 0)
"
results[index] = micros()
}

index = index + 1;

}

microseconds =

- microseconds;

micros();

\_} Y

//pin the receiver is connected to

—
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What’s the
code doing!

* Each time an interrupt is
triggered, index is incremented
and the current time is saved.

* The time difference is calculated
and saved in the array (except for
the first time the interrupt is
triggered, when index is 0).

* When the maximum number of
entries has occurred, the inner
block in loop runs, and it prints
out all the values to the serial
port.
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Another sample code

int pin = 13; e Attach something that will

volatile 1nt state = LOW; . . o . o
trigger an interrupt in digital

pin #2 (e.g. resistive sensor, "

pinMode (pin, OUTPUT) ; button, ) A photocell
attachInterrupt (0, blink, CHANGE) ; pIn
} 10k
* Make sure its either pulled-up brown-black-orange
volid loop ()

( or pull-down, as shown on the L
digitalWrite (pin, state); gnd

\ right.

+5V

void setup ()

{

void blink ()

( e Attach a LED to digital pin 13.Whenever,

state = !state;

) the interrupt is triggered (through pin #2
changes), the LED will change state.
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Arduino wiring C limitations

int pin = 13;
volatile int state = LOW;

void setup ()

{
pinMode (pin, OUTPUT) ;

attachInterrupt (0, blink, CHANGE) ;

}

void loop ()

{
digitalWrite (pin, state);

}

void blink ()
{

state = !state;

}
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* Inside the interrupt function, delay() won't
work

* Values returned by the millis() and micros()
functions will not increment.

¢ Serial communications while in the
function may be lost!

* You should declare as volatile any variables
that you modify within the attached
function.

* By default, interrupts are atomic.
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Atomic sections in Arduino

* We can enable/disable interrupts on certain
sections of code with interrupts() and

nolnterrupts(). Example

void setup() {}

* Interrupts in Arduino are enabled by default.

void loop()

{
e Some functions will not work while noInterrupts():

interrupts are disabled, and incoming i i tzi&;z:t;fim‘-“““smm code here
communication may be ignored. Interrupts  other oais Tare

can slightly disrupt the timing of code,

however, and may be disabled for particularly

critical sections of code.
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Interrupts default

* By default you can not have interrupts inside interrupts.

* With C-Wiring both interrupt O and interrupt | are assigned the same
priority.

* |[f you have a way to have interrupts inside interrupts, then when an
interrupt is issued, you immediately leave the current interrupt and
execute the new interrupt.

* Enabling interrupts inside interrupts is a “hack” : Is not recommended as
it raises all sorts of issues with preserving the state of the machine before
the interrupting interrupt is serviced.
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Enabling interrupts inside interrupts

volatile int 1,73, z; : :
rJr void interruptO ()

{
{ interrupts () ;
for (i=0; i<900: i++) | dig%tngrite(lB,HIGH);
for (§=0; 35<900; J++) { a?t}flc1a}delay();
z=1%10; )} digitalWrite (13, LOW) ;
} nolInterrupts(); //not really needed
}

vold setu

{ p () vold interruptl ()
Serial.begin(9600) ; {
attachInterrupt (0, interruptO, CHANGE)
attachInterrupt (1, interruptl, CHANGE)
pinMode (13, OUTPUT) ;

pinMode (12, OUTPUT) ;
} )

void artificialdelavy ()

interrupts () ;
digitalWrite (12, HIGH) ;
artificialdelay ()
digitalWrite (12, LOW) ;
noInterrupts(); //not really needed

void loop () . . .
{ * If | press pin2 will go into interrupt0 ().

Serial.println ("entering main loop");
artificialdelay ()

Serial.println("leaving main loop”); @ While it is processing, | can press pin3 and

} . . .
jump into function interruptl ().
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Operation scenarios
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What happens if you trigger
interrupt0 when inside interruptO !

volatile int 1i,73,z;

void artificialdelavy ()
{
for (1=0; 1<900; i++){
for (3=0; J<900; J++) {
z=1*10;}}
}

void setup ()

{
Serial.begin(9600) ;

attachInterrupt (0, interruptoO,
attachInterrupt (1, interruptl,

pinMode (13, OUTPUT) ;
pinMode (12, OUTPUT) ;

}

void loop ()
{

Serial.println ("entering main loop");

artificialdelay ()

Serial.println ("leaving main loop");

}

vold interruptO ()
{
interrupts () ;
digitalWrite (13, HIGH) ;
artificialdelay ()
digitalWrite (13, LOW) ;
nolInterrupts(); //not really needed
}

vold interruptl ()
{
interrupts () ;
digitalWrite (12, HIGH) ;
artificialdelay ()
digitalWrite (12, LOW) ;
noInterrupts(); //not really needed

CHANGE) ;
CHANGE) ;

}

Nothing! Each interrupt has a register flag
that indicates which interrupt needs
attention. If we are inside a particular
interrupt, the interrupt flag is already ON.
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What happens if you trigger
interrupt| when inside interrupt0 ?

volatile int 1i,73,z;

void artificialdelavy ()
{
for (1=0; 1<900; i++){
for (3=0; J<900; J++) {
z=1*10;}}
}

void setup ()

{
Serial.begin(9600) ;
attachInterrupt (0,
attachInterrupt (1,
pinMode (13, OUTPUT) ;
pinMode (12, OUTPUT) ;

}

void loop ()
{

interruptO,
interruptl,

CHANGE) ;
CHANGE) ;

Serial.println ("entering main loop");

artificialdelay ()

Serial.println ("leaving main loop");

}
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vold interruptO ()

{
//interrupts|() ;

digitalWrite (13, HIGH) ;
artificialdelay ()
digitalWrite (13, LOW) ;
//noInterrupts () ;
}

vold interruptl ()

{
//interrupts|() ;

digitalWrite (12, HIGH) ;
artificialdelay ()
digitalWrite (12, LOW) ;
//noInterrupts() ;

interruptl () function will be executed
immediately after we are done
interruptO ().
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