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delay(1000); /I wait for a second
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II. Arduino %) 77L >R
A. FIEIX

[1] if (conditional) and ==, !=, <, > (comparison operators)
if, which is used in conjunction with a comparison operator, tests whether a certain condition has been reached, such as an
input being above a certain number. The format for an if test is:

if (someVariable > 50) {
/I do something here

}

The program tests to see if some variable is greater than 50. If it is, the program takes a particular action. Put another way, if
the statement in parentheses is true, the statements inside the brackets are run. If not, the program skips over the code.

The brackets may be omitted after an if statement. If this is done, the next line (defined by the semicolon) becomes the only
conditional statement.

if (x > 120) digital Write(LEDpin, HIGH);

if (x > 120)
digital Write(LEDpin, HIGH);

if (x > 120){ digitalWrite(LEDpin, HIGH); }

if (x> 120){
digitalWrite(LEDpin1, HIGH);
digitalWrite(LEDpin2, HIGH);
} // all are correct

The statements being evaluated inside the parentheses require the use of one or more operators:

Comparison Operators:
X ==y (x is equal to y)
x =y (x is not equal to y)
X <y (x is less than y)
X >y (x is greater than y)
X <=y (x is less than or equal to y)
X >=7y (x is greater than or equal to y)

[2] if else

if/else allows greater control over the flow of code than the basic if statement, by allowing multiple tests to be grouped
together. For example, an analog input could be tested and one action taken if the input was less than 500, and another action
taken if the input was 500 or greater. The code would look like this:

if (pinFivelnput < 500){

// action A
}
else{

// action B
}

else can proceed another if test, so that multiple, mutually exclusive tests can be run at the same time.

Each test will proceed to the next one until a true test is encountered. When a true test is found, its associated block of code
is run, and the program then skips to the line following the entire if/else construction. If no test proves to be true, the default
else block is executed, if one is present, and sets the default behavior.

Note that an else if block may be used with or without a terminating else block and vice versa. An unlimited number of such
else if branches is allowed.

if (pinFivelnput < 500) {
// do Thing A

}

else if (pinFivelnput >= 1000){
// do Thing B

}

else{
// do Thing C

}

Another way to express branching, mutually exclusive tests, is with the switch case statement.

[3] switch / case statements

Like if statements, switch...case controls the flow of programs by allowing programmers to specify different code that
should be executed in various conditions. In particular, a switch statement compares the value of a variable to the values
specified in case statements. When a case statement is found whose value matches that of the variable, the code in that case
statement is run.

The break keyword exits the switch statement, and is typically used at the end of each case. Without a break statement, the
switch statement will continue executing the following expressions ("falling-through") until a break, or the end of the switch
statement is reached.
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Syntax

switch (var) {
case label:
// statements
break;
case label:
// statements
break;
default:
// statements

}

Example
switch (var) {

case 1:

//do something when var equals 1
break;

case 2:

//do something when var equals 2
break;

default:

// if nothing else matches, do the default
// default is optional

}

Parameters
var: the variable whose value to compare to the various cases
label: a value to compare the variable to

[4] for statements

The for statement is used to repeat a block of statements enclosed in curly braces. An increment counter is usually used to
increment and terminate the loop. The for statement is useful for any repetitive operation, and is often used in combination
with arrays to operate on collections of data/pins.

There are three parts to the for loop header:

for (initialization; condition; increment) {
//statement(s);

parenthesis

declare variable (opticnal)

initialize test increment or
decrement

for(int x = 0; x < 100; =x++){

println(x); // prints 0 to 99
}

The initialization happens first and exactly once. Each time through the loop, the condition is tested; if it's true, the
statement block, and the increment is executed, then the condition is tested again. When the condition becomes false, the
loop ends.

Example
// Dim an LED using a PWM pin
int PWMpin = 10; /' LED in series with 470 ohm resistor on pin 10

void setup() {
// no setup needed
}

void loop() {
for (int i=0; i <= 255; i++){
analogWrite(PWMpin, i);
delay(10);

}

Coding Tips

The C for loop is much more flexible than for loops found in some other computer languages, including BASIC. Any or all
of the three header elements may be omitted, although the semicolons are required. Also the statements for initialization,
condition, and increment can be any valid C statements with unrelated variables, and use any C datatypes including floats.
These types of unusual for statements may provide solutions to some rare programming problems.

For example, using a multiplication in the increment line will generate a logarithmic progression:

for(int x =2; x < 100; x =x * 1.5) {
println(x);
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}
Generates: 2,3,4,6,9,13,19,28,42,63,94
Another example, fade an LED up and down with one for loop:

void loop() {
intx=1;
for (inti=0;i>-1;i=1+x){
analogWrite(PWMpin, i);
if(i=255)x=-1; // switch direction at peak
delay(10);

}
[5] while loops

while loops will loop continuously, and infinitely, until the expression inside the parenthesis, () becomes false. Something
must change the tested variable, or the while loop will never exit. This could be in your code, such as an incremented
variable, or an external condition, such as testing a sensor.
Syntax while(expression) {

// statement(s)

Parameters expression - a (boolean) C statement that evaluates to true or false

Example
var = 0;
while(var < 200) { /I do something repetitive 200 times
var++;
}

[6] do - while
The do loop works in the same manner as the while loop, with the exception that the condition is tested at the end of the loop,
so the do loop will always run at least once.

do {
// statement block
} while (test condition);

Example
do {
delay(50); // wait for sensors to stabilize
x = readSensors(); // check the sensors
}+ while (x < 100);

[7] break
break is used to exit from a do, for, or while loop, bypassing the normal loop condition. It is also used to exit from a switch
statement.

Example
for (x =0; x <255; x ++) {
digital Write(PWMpin, x);
sens = analogRead(sensorPin);
if (sens > threshold){ // bail out on sensor detect
x=0;
break;

(}ielay(SO);
}

[8] continue
The continue statement skips the rest of the current iteration of a loop (do, for, or while). It continues by checking the
conditional expression of the loop, and proceeding with any subsequent iterations.

Example
for (x =0; x <255; x ++)

if (x> 40 && x < 120){ // create jump in values
continue;

}
digital Write(PWMpin, x);
delay(50);

[9] return

Terminate a function and return a value from a function to the calling function, if desired.

Syntax: return;
return value; // both forms are valid
Parameters value: any variable or constant type

Examples:
15



A function to compare a sensor input to a threshold
int checkSensor(){
if (analogRead(0) > 400) {
return 1;
else{
return 0;
}

The return keyword is handy to test a section of code without having to "comment out" large sections of possibly buggy
code.

void loop(){
// brilliant code idea to test here
return;
// the rest of a dysfunctional sketch here
// this code will never be executed

}
[10] goto

Transfers program flow to a labeled point in the program

Syntax label:
goto label; // sends program flow to the label

Tip
The use of goto is discouraged in C programming, and some authors of C programming books claim that the goto statement
is never necessary, but used judiciously, it can simplify certain programs. The reason that many programmers frown upon
the use of goto is that with the unrestrained use of goto statements, it is easy to create a program with undefined program
flow, which can never be debugged.
With that said, there are instances where a goto statement can come in handy, and simplify coding. One of these situations is
to break out of deeply nested for loops, or if logic blocks, on a certain condition.
Example
for(byte r = 0; r <255; r++){
for(byte g = 255; g>-1; g--){
for(byte b =0; b < 255; b++){
if (analogRead(0) > 250){ goto bailout;}
// more statements ...

}

bailout:

B. TR I AH B
[11] pinMode()

Configures the specified pin to behave either as an input or an output. See the description of digital pins for details.

Syntax pinMode(pin, mode)

Parameters  pin: the number of the pin whose mode you wish to set
mode: either INPUT or OUTPUT

Returns None

Example
int ledPin = 13; // LED connected to digital pin 13

void setup() {

pinMode(ledPin, OUTPUT); // sets the digital pin as output
void loop() {

digitalWrite(ledPin, HIGH); // sets the LED on

delay(1000); // waits for a second

digitalWrite(ledPin, LOW); // sets the LED off

delay(1000); // waits for a second

NOTE: The analog input pins can be used as digital pins, referred to as A0, Al, etc.

[12] digitalWrite()

Write a HIGH or a LOW value to a digital pin.

If the pin has been configured as an OUTPUT with pinMode(), its voltage will be set to the corresponding value: 5V (or
3.3V on 3.3V boards) for HIGH, 0V (ground) for LOW.

If the pin is configured as an INPUT, writing a HIGH value with digital Write() will enable an internal 20K pullup resistor
(see the tutorial on digital pins). Writing LOW will disable the pullup. The pullup resistor is enough to light an LED dimly,
so if LEDs appear to work, but very dimly, this is a likely cause. The remedy is to set the pin to an output with the
pinMode() function.

NOTE: Digital pin 13 is harder to use as a digital input than the other digital pins because it has an LED and resistor
attached to it that's soldered to the board on most boards. If you enable its internal 20k pull-up resistor, it will hang at around
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1.7 V instead of the expected 5V because the onboard LED and series resistor pull the voltage level down, meaning it always
returns LOW. If you must use pin 13 as a digital input, use an external pull down resistor.

Syntax digital Write(pin, value)
Parameters  pin: the pin number
Value: HIGH or LOW

Returns none
Example
int ledPin = 13; // LED connected to digital pin 13
void setup() {
pinMode(ledPin, OUTPUT); // sets the digital pin as output
void loop() {
digitalWrite(ledPin, HIGH); // sets the LED on
delay(1000); // waits for a second
digitalWrite(ledPin, LOW); // sets the LED off
delay(1000); // waits for a second

Sets pin 13 to HIGH, makes a one-second-long delay, and sets the pin back to LOW.
NOTE: The analog input pins can be used as digital pins, referred to as A0, Al, etc.

[13] digitalRead()
Reads the value from a specified digital pin, either HIGH or LOW.

Syntax digitalRead(pin)
Parameters pin: the number of the digital pin you want to read (int)
Returns HIGH or LOW
Example
int ledPin = 13; /I LED connected to digital pin 13
int inPin = 7; // pushbutton connected to digital pin 7
int val = 0; // variable to store the read value
void setup() {
pinMode(ledPin, OUTPUT); // sets the digital pin 13 as output
pinMode(inPin, INPUT); // sets the digital pin 7 as input
void loop() {
val = digitalRead(inPin); // read the input pin
digitalWrite(ledPin, val); // sets the LED to the button's value

Sets pin 13 to the same value as the pin 7, which is an input.

NOTE: If the pin isn't connected to anything, digitalRead() can return either HIGH or LOW (and this can change randomly).
The analog input pins can be used as digital pins, referred to as A0, Al, etc.

C. 7RI AHHEH#
[14] analogRead()

Reads the value from the specified analog pin. The Arduino board contains a 6 channel (8 channels on the Mini and Nano,
16 on the Mega), 10-bit analog to digital converter. This means that it will map input voltages between 0 and 5 volts into
integer values between 0 and 1023. This yields a resolution between readings of: 5 volts / 1024 units or, .0049 volts (4.9
mV) per unit. The input range and resolution can be changed using analogReference().

It takes about 100 microseconds (0.0001 s) to read an analog input, so the maximum reading rate is about 10,000 times a
second.

Syntax analogRead(pin)

Parameters pin: the number of the analog input pin to read from (0 to 5 on most boards, 0 to 7 on the Mini and Nano, 0 to
15 on the Mega)

Returns int (0 to 1023)

NOTE: If the analog input pin is not connected to anything, the value returned by analogRead() will fluctuate based on a
number of factors (e.g. the values of the other analog inputs, how close your hand is to the board, etc.).

Example
int analogPin = 3; // potentiometer wiper (middle terminal) connected to
// analog pin 3, outside leads to ground and +5V
int val = 0; // variable to store the value read
void setup() {
Serial.begin(9600); // setup serial
}
void loop() {
val = analogRead(analogPin); // read the input pin
Serial.println(val); // debug value
b
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[15] analogWrite()

Writes an analog value (PWM wave) to a pin. Can be used to light a LED at varying brightnesses or drive a motor at various
speeds. After a call to analogWrite(), the pin will generate a steady square wave of the specified duty cycle until the next
call to analogWrite() (or a call to digitalRead() or digitalWrite() on the same pin). The frequency of the PWM signal is
approximately 490 Hz.

On most Arduino boards (those with the ATmegal68 or ATmega328), this function works on pins 3, 5, 6, 9, 10, and 11. On
the Arduino Mega, it works on pins 2 through 13. Older Arduino boards with an ATmega8 only support analogWrite() on
pins 9, 10, and 11. You do not need to call pinMode() to set the pin as an output before calling analogWrite().

The analogWrite function has nothing whatsoever to do with the analog pins or the analogRead function.

Syntax analogWrite(pin, value)
Parameters  pin: the pin to write to.

value: the duty cycle: between 0 (always off) and 255 (always on).
Returns nothing

Notes and Known Issues

The PWM outputs generated on pins 5 and 6 will have higher-than-expected duty cycles. This is because of interactions with
the millis() and delay() functions, which share the same internal timer used to generate those PWM outputs. This will be
noticed mostly on low duty-cycle settings (e.g 0 - 10) and may result in a value of 0 not fully turning off the output on pins 5
and 6.

Example
Sets the output to the LED proportional to the value read from the potentiometer.
int ledPin = 9; // LED connected to digital pin 9
int analogPin = 3; // potentiometer connected to analog pin 3
int val = 0; // variable to store the read value
void setup() {
pinMode(ledPin, OUTPUT); // sets the pin as output
void loop() {
val = analogRead(analogPin); // read the input pin
analogWrite(ledPin, val / 4); // analogRead values go from 0 to 1023,

// analogWrite values from 0 to 255

[16] analogReference(type)
Configures the reference voltage used for analog input (i.c. the value used as the top of the input range). The options are:

DEFAULT: the default analog reference of 5 volts (on 5V Arduino boards) or 3.3 volts (on 3.3V Arduino boards)
INTERNAL: an built-in reference, equal to 1.1 volts on the ATmegal68 or ATmega328 and 2.56 volts on the ATmega8
(not available on the Arduino Mega)

INTERNAL1V1: a built-in 1.1V reference (Arduino Mega only)

INTERNAL2V56: a built-in 2.56V reference (Arduino Mega only)

EXTERNAL.: the voltage applied to the AREF pin is used as the reference.

Parameters  type: which type of reference to use (DEFAULT, INTERNAL, INTERNAL1V1, INTERNAL2VS56, or
EXTERNAL).
Returns None.

D. £DH#thD AN
[17] shiftOut()

Shifts out a byte of data one bit at a time. Starts from either the most (i.e. the leftmost) or least (rightmost) significant bit.
Each bit is written in turn to a data pin, after which a clock pin is pulsed to indicate that the bit is available.
This is a software implementation; Arduino (as of 0019) also provides an SPI library that uses the hardware implementation.

Syntax shiftOut(dataPin, clockPin, bitOrder, value)

Parameters dataPin: the pin on which to output each bit (int) .
clockPin: the pin to toggle once the dataPin has been set to the correct value (172f)
bitOrder: which order to shift out the bits; either MSBFIRST or LSBFIRST.
(Most Significant Bit First, or, Least Significant Bit First)
value: the data to shift out. (byte)

Returns None

NOTE: The dataPin and clockPin must already be configured as outputs by a call to pinMode().
shiftOut is currently written to output 1 byte (8 bits) so it requires a two step operation to output values larger than 255.
// Do this for MSBFIRST serial
int data = 500;
// shift out highbyte
shiftOut(dataPin, clock, MSBFIRST, (data >> 8));
// shift out lowbyte
shiftOut(data, clock, MSBFIRST, data);

// Or do this for LSBFIRST serial

data = 500;

// shift out lowbyte

shiftOut(dataPin, clock, LSBFIRST, data);

// shift out highbyte

shiftOut(dataPin, clock, LSBFIRST, (data >> 8));
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Example For accompanying circuit, see the tutorial on controlling a 74HC595 shift register.

int latchPin = 8; //Pin connected to ST CP of 74HC595
int clockPin = 12; //Pin connected to SH_CP of 74HC595
int dataPin = 11; ////Pin connected to DS of 74HC595

void setup() {
//set pins to output because they are addressed in the main loop
pinMode(latchPin, OUTPUT);
pinMode(clockPin, OUTPUT);
pinMode(dataPin, OUTPUT);

void loop() {

//count up routine

for (int j = 0; j <256; j++) {
//ground latchPin and hold low for as long as you are transmitting
digital Write(latchPin, LOW);
shiftOut(dataPin, clockPin, LSBFIRST, j);
//return the latch pin high to signal chip that it
//no longer needs to listen for information
digital Write(latchPin, HIGH);
delay(1000);

}
[18] pulseln()

Reads a pulse (either HIGH or LOW) on a pin. For example, if value is HIGH, pulseIn() waits for the pin to go HIGH,
starts timing, then waits for the pin to go LOW and stops timing. Returns the length of the pulse in microseconds. Gives up
and returns 0 if no pulse starts within a specified time out.

The timing of this function has been determined empirically and will probably show errors in longer pulses. Works on pulses
from 10 microseconds to 3 minutes in length.

Syntax pulseln(pin, value)
pulseln(pin, value, timeout)
Returns the length of the pulse (in microseconds) or 0 if no pulse started before the timeout (unsigned long)

Parameters pin: the number of the pin on which you want to read the pulse. (inf)
value: type of pulse to read: either HIGH or LOW. (int)
timeout (optional): the number of microseconds to wait for the pulse to start; default is one second (unsigned

long)

Example
int pin =7,
unsigned long duration;

void setup() {
pinMode(pin, INPUT);

void loop() {
duration = pulseln(pin, HIGH);
}

[19] tone()

Generates a square wave of the specified frequency (and 50% duty cycle) on a pin. A duration can be specified, otherwise
the wave continues until a call to noTone(). The pin can be connected to a piezo buzzer or other speaker to play tones.

Only one tone can be generated at a time. If a tone is already playing on a different pin, the call to tone() will have no effect.
If the tone is playing on the same pin, the call will set its frequency.

Use of the tone() function will interfere with PWM output on pins 3 and 11 (on boards other than the Mega).

NOTE: if you want to play different pitches on multiple pins, you need to call noTone() on one pin before calling tone() on
the next pin.

Syntax tone(pin, frequency)

tone(pin, frequency, duration)
Parameters pin: the pin on which to generate the tone

frequency: the frequency of the tone in hertz

duration: the duration of the tone in milliseconds (optional)
Returns Nothing

[20] noTone()

Stops the generation of a square wave triggered by tone(). Has no effect if no tone is being generated.

NOTE: if you want to play different pitches on multiple pins, you need to call noTone() on one pin before calling tone() on
the next pin.

Syntax noTone(pin)
Parameters  pin: the pin on which to stop generating the tone
Returns nothing
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[21] millis()

Returns the number of milliseconds since the Arduino board began running the current program. This number will overflow
(go back to zero), after approximately 50 days.

Parameters None
Returns Number of milliseconds since the program started (unsigned long)

Example
unsigned long time;

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

void loop(){
Serial.print("Time: ");
time = millis();
//prints time since program started
Serial.println(time);
// wait a second so as not to send massive amounts of data
delay(1000);
}

Tip:
Note that the parameter for millis is an unsigned long, errors may be generated if a programmer tries to do math with other
datatypes such as ints.

[22] micros()

Returns the number of microseconds since the Arduino board began running the current program. This number will overflow
(go back to zero), after approximately 70 minutes. On 16 MHz Arduino boards (e.g. Duemilanove and Nano), this function
has a resolution of four microseconds (i.e. the value returned is always a multiple of four). On 8 MHz Arduino boards (e.g.
the LilyPad), this function has a resolution of eight microseconds.

Note: there are 1,000 microseconds in a millisecond and 1,000,000 microseconds in a second.

Parameters None
Returns Number of microseconds since the program started (unsigned long)

Example
unsigned long time;

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

void loop(){
Serial.print("Time: ");
time = micros();
/lprints time since program started
Serial.println(time);
// wait a second so as not to send massive amounts of data
delay(1000);

}
[23] delay()

Pauses the program for the amount of time (in miliseconds) specified as parameter. (There are 1000 milliseconds in a
second.)

Syntax delay(ms)
Parameters ms: the number of milliseconds to pause (unsigned long)
Returns Nothing
Example
int ledPin = 13; // LED connected to digital pin 13
void setup() {
pinMode(ledPin, OUTPUT); // sets the digital pin as output
void loop() {
digitalWrite(ledPin, HIGH); // sets the LED on
delay(1000); // waits for a second
digitalWrite(ledPin, LOW); // sets the LED off
delay(1000); // waits for a second

Caveat

While it is easy to create a blinking LED with the delay() function, and many sketches use short delays for such tasks as
switch debouncing, the use of delay() in a sketch has significant drawbacks. No other reading of sensors, mathematical
calculations, or pin manipulation can go on during the delay function, so in effect, it brings most other activity to a halt. For
alternative approaches to controlling timing see the millis() function and the sketch sited below. More knowledgeable
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programmers usually avoid the use of delay() for timing of events longer than 10's of milliseconds unless the Arduino sketch
is very simple.

Certain things do go on while the delay() function is controlling the Atmega chip however, because the delay function does
not disable interrupts. Serial communication that appears at the RX pin is recorded, PWM (analogWrite) values and pin
states are maintained, and interrupts will work as they should.

[24] delayMicroseconds()

Pauses the program for the amount of time (in microseconds) specified as parameter. There are a thousand microseconds in a
millisecond, and a million microseconds in a second.

Currently, the largest value that will produce an accurate delay is 16383. This could change in future Arduino releases. For
delays longer than a few thousand microseconds, you should use delay() instead.

Syntax delayMicroseconds(us)
Parameters  us: the number of microseconds to pause (unsigned int)
Returns None
Example
int outPin = §; // digital pin 8
void setup() {
pinMode(outPin, OUTPUT); // sets the digital pin as output
void loop() {
digitalWrite(outPin, HIGH); // sets the pin on
delayMicroseconds(50); // pauses for 50 microseconds
digital Write(outPin, LOW); // sets the pin off
delayMicroseconds(50); // pauses for 50 microseconds

configures pin number 8 to work as an output pin. It sends a train of pulses with 100 microseconds period.

Caveats and Known Issues

This function works very accurately in the range 3 microseconds and up. We cannot assure that delayMicroseconds will
perform precisely for smaller delay-times.

As of Arduino 0018, delayMicroseconds() no longer disables interrupts.

F. 5M833&1Y A H

[25] attachInterrupt(interrupt, function, mode)

Specifies a function to call when an external interrupt occurs. Replaces any previous function that was attached to the
interrupt. Most Arduino boards have two external interrupts: numbers 0 (on digital pin 2) and 1 (on digital pin 3). The
Arduino Mega has an additional four: numbers 2 (pin 21), 3 (pin 20), 4 (pin 19), and 5 (pin 18).

[26] detachlnterrupt(interrupt)
Turns off the given interrupt.

G E|YAH
[27] interrupts()

Re-enables interrupts (after they've been disabled by nolnterrupts()). Interrupts allow certain important tasks to happen in the
background and are enabled by default. Some functions will not work while interrupts are disabled, and incoming
communication may be ignored. Interrupts can slightly disrupt the timing of code, however, and may be disabled for
particularly critical sections of code.

[28] nolnterrupts()

Disables interrupts (you can re-enable them with interrupts()). Interrupts allow certain important tasks to happen in the
background and are enabled by default. Some functions will not work while interrupts are disabled, and incoming
communication may be ignored. Interrupts can slightly disrupt the timing of code, however, and may be disabled for
particularly critical sections of code.
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